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"We started using ventilated benches 
several years ago and our experience of 
them has been most positive. We feel very 
safe and these benches require much less 
space and are easier to work with than those 
large fume cupboards." 
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Professor Hans Löw, in charge of the endocrinological 
laboratory at the Karolinska Hospital in Stockholm. 
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FPLC fror. 
< goes beyond HP 


Also in biochemistry you want your first results in 10 minutes, a 
lot of results in a day, and a breakthrough in a week with the high 
speed and resolution of high performance liquid chromatography 
(HPLC). In addition you need biocompatibility when separating 
and purifying labile biomolecules to preserve biological activity 
and obtain high yields. 


The Pharmacia FPLC* system goes beyond HPLC with 
biocompatible instruments and unique columns of new media 
designed for high performance 


e Enzyme purifications 

e Peptide mapping 

e Analytical protein separations 

e Purification of biologically active peptides 
è Separation of oligo- and polynucleotides 


The FPLC columns can be repeatedly cleaned, with maintained 
performance, significantly extending their lifetime. Of course you 
can also run your traditional columns of Sephadex”, Sepharose’, 
etc. on your FPLC system. 


Pharmacia’s experience of 25 years as the leader in biochemical 
separation techniques is now available to help you discover the 
full capabilities of high performance chromatography of 
biomolecules in your laboratory. 


*Fast Protein, Polypeptide and Polynucleotide Liquid Chromatography. 
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involved in work without heat sources, i.e. 
emperatures below 60° Celsius, the best 
protection is provided by an exhaust ventilated 
bench. This has been proved beyond doubt by the 

Royal Institute of Technology, Stockholm, 

ollowing comprehensive tests. 

-Fume cupboards do not normally provide the 
protection that they should. Wake vortices lead to 
impurities being sucked out into the atmosphere in 
‘spite of the prescribed air flow being applied and 
the sash being in the correct safety position. 


exhaust ventilated bench is 
ingenious as it is simple. The air is sucked down- 
wards through a perforated working surface, and 
herefore the main air stream does not pass the 
analyst. Wake vortices are avoided and the leakage 
‘om the exhaust ventilated bench is minimal. 


7 Diagram 1 

Leakage from fume cupboard with analyst at 

_ work. Measurements conducted by Dr. Sc. Bengt 
- Ljungkvist of The Royal Institute of Technology, 
Stockholm, using the prescribed air flow, 600 cu. 
metres per hour and with the sash in the correct 
safety position with a 27 cm opening. 


Diagram 2 
_ Leakage from exhaust ventilated bench with ana- 
= lyst at work. The bench is from Innovent. Diagram 
_ and 2 are comparable. The conditions under 
which the measurements were carried out were 
imilar. Measurements conducted by Dr. Sc. Bengt 
Ljungkvist of The Royal Institute of Technology, 
stockholm with an air flow of 300 cu. metres per 
hour. 
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INCREASED SAFETY AT LOWER COST E 
For work without heat sources Innovent’s ventilate 
benches using only half the prescribed air flow, 
vide much better protection than fume cupboa 
This means reduced energy costs. In addition th 
ventilated bench costs very much less than a 
cupboard both in terms of actual price and 
installation costs. ae 
Innovent’s exhaust ventilated benches can b 
supplied either in standard specification or the 
be specially made. Both alternatives can be upp 
with or without hood. a 


SEND IN THIS COUPON IF YOU WOLI 
LIKE TO HAVE MORE INFORMATI 
ABOUT INNOVENT’S EXHAUST 
VENTILATED BENCHES 
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| Branch: Varfrugatan 8A, Box 1191, S-221 05. 
Tel: 46 + (0) 46-13 3737 


Tel: 46 + (0) 8-63 11 55 


Innovent AB is part of the BSK Group W 
specialists in the development and marketi 
services, systems and products within the fi 
safety ventilation. We cover the complete 
of activities to provide air that is safe to brea 
from initial analysis of the working enviro 
right through to installation and start-u 
subsequent tests to ensure correct functio 

in close cooperation with universi 








The FRAC-100 will fulfil all your needs for basic 
fractionation requirements. As a conventional 
collector the FRAC-100 is unequaled in 
performance and reliability. Simplicity in design 
(3 moving parts) and control ( flexible d 
fractionation parameters accessed by a 7 
multifunction key board) accomplish a 
fractionation routines previously attainable a 
only with large, expensive instruments. 




























































The FRAC-100, as a sophisticated — 
fraction collector presents unique dat. 
handling and integration capabilities. © 
The input of a 0-10 mV detector signal. 
is processed by the FRAC-100 to repor 
as a digital display such separation — ; 
parameters as peak height, peak width, _ 
peak retention and peak area. The. 
addition of a PSV-100 solenoid valve 
enables selective fractionation ofonly _ 
the peak material as judged by a slope. : 
detector defined bya programmable 
threshold value. 





The FRAC-100 -as a small; __ 
simple inexpensive fraction b 
collector — your best choices. 
— as a small sophisticated = __ 
inexpensive collector, far 


beyond anything presently 
available — your only choice. 
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NATURE, the international 
journal of science 


are helping to clarify the Perhaps the most important international 


~~ causes of cancer. With each conference you could attend in 1984. De- 
| ing week, more and voted to the recent contributions of molecular 
ot 3 biology to the understanding of malignant 


more people consider that a , 
PEOP disease. 


- full understanding of cancer 


-cannot be long delayed. 


_ Butthe implications for 
physicians and their patients 
_ are still entirely unclear. 


_ This is why NATURE has MBER 10, 11, 12, 1984 
hosen to devote its third BO RK 


Park Plaza at Arlington Street 
Boston, MA 02117, U.S.A. 
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The conference program has been de- To this end, the leading scientists making 
neces and clinicians can signed for two groups of people — resear- formal presentations will also take part in 
yt chers in the life sciences anxious to learn two-hour round table discussions, provid- : 

about and discuss the latest develop- ingan ample and unusual opportunity for 
ments in the molecular biology of cancer, P2"tCipants to take part in detailed discus.. 
and physicians who consider that these E to make short presentations of : 
developments may eventually affect their i 

own work with patients. 


anaua , conference, register now and book you 
Participation in the conference will be rooms (also limited) at the Boston Par 
restricted so as to provide opportunities for Plaza Hotel ee dToive te Sint Ae 
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T., he AIDS saga has been a nasty shock for people accustomed to take modern medicine for gr 
The discovery of the virus responsible should remind them of the enduring role of medical research o 


AIDS (acquired immune deficiency syndrome) has engendered 
high drama from the beginning, a mere three years ago. Not every 
day does a new disease entity pop up, apparently from nowhere. 

Nor does it often happen that the main foci of a new disease are 

ot in some far-off and half-forgotten developing country but in 
he most industrially advanced communities in the world. AIDS 
as shaken the complacency of hosts of people in no present 
langer of becoming afflicted. 

- The relatively small numbers of those suffering overtly from 
IDS (thousands in the United States, hundreds in Western 

Europe) have been counterbalanced in people’s imaginations by 
the bizarre features of the condition. People almost always die, 


but from one of several secondary causes. Most patients have |. 


_ been homosexual men, but women and their newborn children as 
ell as people receiving blood transfusions and factor VIII (in 
-mophilia treatment) have been affected. This has raised alarm 
that whatever agent may be responsible is confined to those now 
afflicted only fortuitously — and temporarily. The notion, 
_ increasingly plausible in recent months, that the agent responsible 
“is most probably a virus has been particularly shocking for smug 
- health-ridden societies long since persuaded that medicine is a 
routine technology, even a physicians’ ramp, and that good 
health is either a consumer purchase or an attitude of mind. Was 
not infection abolished with penicillin, anxious people have been 
complaining? 

The latest instalment of the AIDS drama should give the lie to 
many of these nonsensical expectations. AIDS is almost certainly 
caused by a virus, that most clearly characterized by Robert Gallo 
-and his associates at the National Cancer Institute in the United 
States, but with a high chance that the virus previously described 
-by Luc Montagnier at the Pasteur Institute in Paris is identical. 

Both are retroviruses carrying genetic information as RNA, a 
DNA version of which becomes incorporated into the genes of 
infected cells. The most telling evidence is that a majority of the 
“patients with AIDS carry antibodies against one of the viral 
¿proteins — at some earlier stage, their immune systems have 
_responded to an infection which has nevertheless overwhelmed a 
large proportion of them. But as yet, little is known of the 
-mechanism of infection, of the reasons why one class of T cells 


< among lymphocytes is put out of action by the virus or of the 


- §tatus of those who have already been infected (to judge from the 


3 Sy antibodies they carry) but who have not developed symptoms of 


AIDS. (The haunting question is whether they are immune or 
destined to run into trouble.) And next to nothing is known of the 
‘natural history of the virus. So why, the sceptics will be asking, is 
there all this fuss? If neither Gallo nor Montagnier can offer a 
‘cure, what benefit is there in what they have accomplished? 


aisles answer is also primitive. AIDS, a mystery only a few 
eks ago, has been transformed into another virus disease. And 
hat transformation, even though it will not by itself prevent the 
ath of a single patient, has the utmost practical importance. 
‘Orrespondents this week (p.12) and last have explained what 
ps. can n now in principle be taken — tie enaa of those 


and so on. The essential tools for these investigations are: the 
standard techniques of pre-molecular immunology. So AI i 
been lumped in the same category as, say, measles, 0 

The same techniques will play a ‘crucial part in h J 
unravel the natural history of the disease (and the suspect 
with central Africa) — as will the mere knowledge tha a vi 
indeed responsible. The only practical benefit certain 
from what will now happen is that some people at ris 
helped to avoid infection. But the conversion of a myster 
medical problem will also provide people with a` sen 
confidence that would otherwise not have been suppor 
What has happened with AIDS is yet another illustration of the 
well-known truth that to know the cause of a problem: is 
necessary part of its solution. | 


Control P 
But when will there be a vaccine to prevent the spread of Al 
even a way of curing those already infected? That is what pub 
health officials need, and what many of their constituents wil 
insist can alone count as progress. The again maddeningly simp 
answer is that nobody can tell. It has taken fifteen years from tł 
recognition of the then- -surprising life-cycle of the hepat ti 
virus to the development of vaccines (now going into trials) 
efficacy is not yet known. AIDS is only the second human di: 
known to be associated with a retrovirus — the other is 3 
T-cell leukaemia, first recognized in south-east Japan — 
obvious ways of going about the job of vaccinating against A 
could yet prove ineffective. The prospects for more effect 
treatment for patients already stricken are even less ce 
(although not necessarily more distant). But when the causes 
death in AIDS are the accidental infections patients pick upg 
the otherwise rare skin cancer called Kaposi’s sarcoma, andi 
reasons for these developments are the known deficiene 
helper T cells in patients’ blood, the only guarantor of 1 
effective treatment is the better understanding of the 
immune system at which literally hundreds of labora 


al engineered hümoural agent interleukin-2. 3 

being mounted turn out to be successful.) Like it or 

who look for quick results must cultivate patience ins 
Those to whom that advice is unpalatable should 

things might be much worse. Montagnier’s observati 

reported last month (The Lancet i, 753; 1984), turned ont i 

accident that of two haemophiliac brothers being treated: 

factor VIII, only one had developed overt AIDS when first 

Gallo’s investigation, based on samples from many. 

patients, was a natural extension of his group’s interes 

back for four years in human T-cell leukaemia virus 

which may or may not be the same as that responsibl 

T-cell leukaemia in Japan. Here again, however, it is 

that Gallo’s group is now well placed to apply tot 

definition of the AIDS virus the techniques K 

manipulation being vigorously applied to the und 

the role of retroviruses and oncogenes in carcinogene 

words, the understanding of AIDS that has now been 

a serip niely obdurate a is striking proof o th 


















by a virus is a triumph, even if not quite the ‘‘triumph over 
disease” that Mrs Margaret Heckler, the US Secretary of Health, 
‘described it last week. The triumph is that the research 

community has been able to respond so quickly to an unexpected 
development such as the emergence of AIDS. The explanation is 
again simple, exasperatingly so — the richness and diversity of the 
biomedical research enterprise, in the United States in particular 
but also throughout the world. 

More good luck? Almost certainly not. The chances are high 
that in the present pattern of medical research, there would have 
emerged some group of workers somewhere in the world able — 
and willing — to turn from its long-term interests to throw light on 
’ a medical emergency such as that which cropped up three years 
ago. This is exactly what happened a decade ago with 
Legionnaires’ disease, in its time also a threat to people’s peace of 
mind. None of this diminishes the importance of what 

Montagnier and Gallo have separately done although, with both 

Legionnaires’ disease and AIDS, the work done by the Centers 
-for Disease Control at Atlanta, Georgia, deserves widely to be 

applauded. (So too does that of the clinicians who, in the past 
_ three years, have been required to treat AIDS patients with forms 
_of therapy offering palliation only, who have in the process 
- courageously taken to unprecedented lengths the openness and 
‘compassion that ideally characterize relationships between 
physicians and their patients and whose services in this regard will 
unhappily be required for many years to come.) 
_ -The moral, for Mrs Heckler as well as for the impatient sections 
of advanced communities eager to indulge the luxury of 
pretending that the practice and the pursuit of medicine have long 
since been replaceable by suitable doses of orange juice, physical 


exercise and mental application, is that the deliberate provision of 
medical care is in one important sense only a little more certain 
ow than, say, a century ago. By means of large and costly social 
expenditures in research laboratories and clinics, the incidence of 
avoidable death is kept ata socially acceptable low level, but there 
s no avoiding the hazards still unknown. The best that can be 
one is to be prepared to deal with these hazards quickly, as they 
clare themselves. The case of AIDS has triumphantly 
ustrated the versatility of the biomedical research system 
yatiently put in place in recent decades. Successive US 
vernments have been especially farsighted in recognizing the 
mportance of such a development. It is to be hoped that this latest 
vergency will help to win wider acceptance of the value of a 
zorous research enterprise. For there is no prospect of a triumph 
ver disease in general. [3 


Double-talk on animals 


VZH seems more ready to risk its reputation 


than to meet serious critics on animal care. 
STIVIVISECTIONISTS and other crusaders have never made 
tellectual integrity one of their top priorities. Appeals to 
notion, however inconsistent or however specious, continue to 
be the hallmark of those who wish to halt animal experiments. So 
no accident that cute animals — preferably those with a lot of 
- star in the antivivisectionists’ advertising campaigns (which 
now reached the underground railway system in 
ton, DC, in the form of posters of a child with adoganda 
hat scientists who have perfectly reasonable alternatives 
experimentation are hoping to make that dog suffer). 
ional Institutes of Health (NIH), which support the 
of animal experiments in the United States, have now 
ecided that they too can play that game. At the first 
| be a series of meetings around the country, NIH 
the public’s heartstrings real-life patients and their 
ve benefited from animal experiments. W hile the 
t these patients had to say is indisputable, one has 
the exploitation of their misfo 





















es ‚rapid demonstration that AIDS is indeed caused a 













earch has ke idren’s daddies alive. 
suspicion that NIH’s simultaneous announcement of anewa 

supposedly tougher set of rules for the care and use of laborato 
animals is nothing more than a part of this same public relation 
campaign. This conclusion can only be reinforced by NIH’s' 
simultaneous release of a study of animal experimentation at ten: 
research institutions, chosen at random, that finds the old rules: 
are working fine and that there are no problems to correct. If so, 
why correct them, unless the aim is to make a —~ very public — _ 
point? 5 

In reality, the new regulations, which are published as a | 
proposal open for public comment, do very little. Research in- 
stitutions under the new regime will not only have to “commit ) | 
themselves to implementing’’ animal care requirements — they oo” 
will now have to “timplement’’ them, a major crackdown if there 
ever was one. The only substantive change in the proposal is that 
the institutional animal care committees, charged with 
monitoring the use of laboratory animals at each research institu- 
tion, would have to include one outside member. 

NIH director James Wyngaarden set the tone for the NIH 
stance when, at last month’s meeting, he declared his ‘‘deep » 
concern” that public support for laboratory experiments — 
involving animals may be eroding, the result of ‘politically — 
sophisticated critics’? who are attacking animal experiments as 
unnecessary and inhumane. NIH arguably have a role in public | 
education to counter this trend, but need not sacrifice integrity in _ 
the process. If ‘‘political sophistication’? means issu g 
meaningless regulations for the sake of appearances, NIH | 
better off with naivety. Or is it that by invoking the bogey of ra 
antivivisectionists seeking to shut down biomedical research, 
NIH hope to distract attention from some serious proposals for 
reform (as opposed to revolution)? 

It taxes credulity to claim that the extreme ‘‘animal rights” 
positions inherent in the antivivisectionists’ stance are about to 
sway the overwhelmingly carnivorous population of the United 
States, or indeed that they are more than a sterile pseudo- 
philosophical exercise. A much more serious threat to present 
practice is not the crazed antivivisectionists but, rather, some 
sensible criticisms from sensible people. Senator Robert Dole, for 
one, has introduced legislation that, while respecting the absolute 
freedom of researchers to design scientific protocols and to make 
their own judgements on the necessity of using animals, would | 
clamp down on some of the more serious persisting abuses in the 
care of laboratory animals and their use. The bill would require 
the use of analgesics, tranquillizers and anaesthetics except when. 
scientifically impossible, would forbid the use of the same animah. 
in more than one major operative procedure and would require 
either proper postoperative care or prompt euthanasia. 
Enforcement would be left largely to the animal care committees, 
which would have to certify in regular reports that experimental 
procedures involving animals followed these requirements. = 
Significantly, the bill does not limit the freedom of scientists to © 
proceed with such experiments; it does, sensibly, require that 
investigators ‘‘consider’’ alternatives and consult with a 
veterinarian in planning procedures involving unanaesthetized a 
animals. Rs 

There is hardly anything subversive about these proposals. = < 
(Nor is there anything subversive in demands of animal welfare 
activists, such as Mrs Christine Stevens of the Animal Welfare: 
Institute, that inspections now required by federal law should. 
actually be carried out to ensure that laboratory animal care meets 
the published guidelines — which means basic things like clea 
cages, proper food and proper ventilation.) The US Departme 
of Agriculture, which is charged with carrying oul the 
inspections, has never been given the funds to discharge its 
responsibilities under the law. Yet such inspections as it is able 




























































































Vashington 
‘HE militarization of space may yet 
‘become a significant issue in November’s 


‘presidential election in the United States. 


For the first time, Mr Walter Mondale, the 


Democratic front-runner, last week 


‘promised to order a freeze on space 


weapons if he is elected President. In| 
“Congress, meanwhile, even the Republican - 
Senate is alarmed about President 


Reagan’s desire to press ahead with deploy- 


ment of anti-satellite weapons and research 


on a ‘‘star wars” defence against nuclear 


iles. Dr George Keyworth, the] 


ent’s science adviser, was given a 

sty reception when he told the Senate 

Foreign Relations Committee that he 

opposed negotiating a ban on space 

“weapons lest it blocked the star wars 
programme. 


Congressional anxiety can only have | 


\been heightened by the publication of a 
port by its own research arm, the Office 
: Technology Assessment (OTA), 
- concluding that the prospect of creating a 


near-perfect defence is ‘‘so remote that it | 


should not serve as the basis of public 
~ expectation or national policy’’. Although 
detailed criticisms of the star wars plan 
have been published before — most 
recently by the Union of Concerned 
Scientists — the new OTA study is the first 
to be published by a neutral body with full 
access to classified information. Its pessi- 
mistic conclusions are likely to have con- 
< siderable influence on the mood of 
_ Congress. 


The report, prepared by Dr Ashton 


Carter of the Massachusetts Institute of 

schnology, covers largely familiar 
erritory by drawing attention to the 
ifficulties of propagating directed energy 


-weapons with the range and accuracy to) 


knock out a large-scale nuclear attack, and 


pointing out that for every defence concept | 


proposed so far, simpler and usually 
‘cheaper countermeasures have already 
- been identified. One of the most forthright 


-parts of the report, however, points to four 


~-common ‘‘misapprehensions”’ about the 
‘prospect for a perfect defence. They are: 
-e Confusing the successful development 
of single devices — lasers, mirrors, aiming 
“mechanisms and the like — with the 
‘creation of a successful system. Multi- 
plying by even a million some directed 
ergy weapon will not necessarily give a 
fect defence. 
‘Equating star wars with past tech- 
logical challenges, such as the Moon 
nding or the Manhattan Project. The 
ort notes a ‘“‘vital difference’’ between 


onstraints imposed by 


wars, with a hostile intelligence bent on > 


sabotaging the effort. 
è Hoping for a 


example, might turn out to benefit offence 
more than defence. 
@ Expecting to know with reasonable 


Genetic engineering 


Genentech claims factor VIH : 


ONE of genetic engineering’s glittering 
prizes was claimed last week by Genentech 
Inc., the San Francisco-based biotech- 
nology company, working in collaboration 


< with the Haemophilia Centre at the Royal 


Free Hospital Medical School, London, 
and Speywood Laboratories in Wales. The 
human blood protein known as factor 


VIL, which is lacking in haemophiliacs and 


essential for their treatment, has now been 
cloned and expressed in biologically active 
form in a mammalian cell culture. The 


availability of a completely sequenced | 


cDNA clone for factor VIH, the largest 


protein ever produced through recom- 


binant DNA technology, is an essential 
first step towards a source of the factor that 
is independent of supplies of human blood 
plasma and so not susceptible to con- 
tamination by viruses. 


Most factor VIII used in Britain is 


prepared from concentrates that may con- 


tain the pooled plasma of up to 20,000 | 


blood donors. All such concentrates are in- 
fected with hepatitis viruses and many 
haemophiliacs suffer from liver dys- 
function caused by non-A and non-B 
hepatitis. Existing alternative production 
methods may lead to a lower risk of con- 
tamination but have their own dis- 


advantages. Haemophiliacs are also a high 


risk group for acquired immune deficiency 
syndrome (AIDS), almost certainly 
because an AIDS virus can contaminate 


factor VHI produced from plasma. It has | 


been clear for the past three years that any 
replacement of comparable efficacy would 
be assured of a huge market. 

The Haemophilia Centre in London 
developed a method of obtaining factor 
VIL in high purity using monoclonal anti- 
bodies to the protein and established the 
gross structure. At Genentech, a genetic 
probe derived from a factor VHI subunit 
was used to test genomic libraries until a 
clone was identified that matched one poss- 
ible predicted DNA sequence. The factor 
VIIL gene turns out, as expected, to be 
: romosome. Eventually 

mplete ge 


technological 
development that will dispel all difficulties; 
when perfection of the X-ray laser for- 


confidence how a com 

system would perform in realit 

defences used in previous wars, th 

would have no chance to learn or adap 
OTA concedes that it might make se 

to construct a star wars system even if it 

less than perfect, in order, for example, 

protect missile silos or simply to protect a! 

many lives as possible. But it complain 


that, despite the fanfare with which ; 


President Reagan’s star wars proposal was- 


unclear. For that reason, explicit stanc 

against which its technical feasibility ca 

measured have proved elusive. o0 
Peter D 


factor VHH produced. After transtec 
the clone into a mammalian ‘ce 
(Genentech will not say what type), hun 
factor VIII was detected in the cu 
medium and measured by a pur 
enzyme system. The activity of the materi 
is quenched by monoclonal antibodies i 
human factor VIII — further evidence that 
factor VIH is being produced. se 
Genentech is at pains to point out that 
there are several years’ more work ahead 
before factor VIII will be produced. 
genetic engineering on a commercial sca 
though it hopes to produce enough f 
VIII for clinical trials of th 
(probably around 100 mg) within 
The aim now will be to obtainacelll 
to sustain high output of the prot 
which can also be cultured on a rela 
large scale. Last week’s announce 
preceded any publication of the ge 
coveries in a refereed scientific joi 
both Genentech and the tear 
Haemophilia Centre in London sai 
papers are planned. A 
Naturally, nothing is as yet kno 
economics of factor VHT produ 
genetic manipulation. There are 
about 20,000 users of factor VI 
United States, and as many. age 
Western Europe. Supplying know 
would be worth sales of at least 
million a year. Knowing how tom 
large molecules such as the compon 
the blood-clotting system will be wo 
much more to the company which 
succeeds in making such materials 
The announcement last week | 
blow for several other biotechnolo 
panies working on factor VIII. Prev 
only parts of the gene had been sequ 
Genentech says it intends to prot 
the processes it has developed 
and a spokewoman added omin 
the company had recently exp 
patent staff. But the usefulness. 
in protecting biotechnology 
generally is not yet established 
gruntled competitor summ 
feelings by saying ‘‘better late 

























Washington 

A NEW organization created to raise funds 
in the United States for studies of diet, 
nutrition and cancer is coming under fire 
for spending only a small proportion of the 
millions collected through direct-mail 
solicitations on actual research. The 
American Institute for Cancer Research, 
founded in 1981 by two professional fund- 
raisers in the Washington area, took in 
some $3.5 million during its first fiscal year 
ending September 1983, while awarding 
only $400,000 in research grants. 

According to a financial disclosure filed 
with New York State on 16 April this year, 
$600,000 was spent on public education 
and $2.4 million on fund-raising. And a 
eport issued last month by the Council of 
Better Business Bureaus (BBB), an inde- 
pendent group that monitors charities 
nd investigates consumer complaints, 
vealed that $893,000 of the institute’s 
und-raising expenditure went to the firm 
wned by the institute’s founders, Jerry 
‘Watson and Chat Hughey. 

The BBB report concluded that the 
institute failed to meet its standards for 
charitable solicitations, which require that 
at least half of the funds raised be applied 
to the programmes described in the organ- 
ization’s public appeals. The BBB stan- 
dards also require that the organization 
should have an independent governing 
body. 
© Since the end of the fiscal year, the 
institute has made some changes to correct 
these deficiencies, notably by amending 
its by-laws to restrict the founders’ rights 
‘to appoint or remove directors of the 











































































A spokeswoman for the institute said 
hat New York State, which has the 
strictest disclosure laws in the country, 
-included under ‘‘fund-raising”’ close to a 
million dollars in expenditures that the 
nstitute considers to be ‘‘public 
education” activities, such as the printing 
of newsletters. According to an audit com- 
nissioned by the institute itself, only 37 per 
cent of its receipts went on fund raising. 
ie New York rules consider an activity 
ich as mailing a newsletter to be fund- 
ising if it is combined with an appeal for 

nds and if fund-raising is the ‘primary 
























» direct-mail pieces that the institute 
nuing to send out, however, have 
the hackles of many scientists, the 
; Cancer Society and, according 













torney general’s office in 





l Direct-mail medicine criticized 


rt in the Los Angeles Times, the | 


. More than H million copies of- 
; on Diet and Cancer’’ were sent | 
‘combines on a single page | 
ch as “what vitamin supple- 

ake." : ~do yone eat red meat | 
| and the failure of even witting co-authors | 


a “Cancer can strike you, your pare 
brothers and sisters — anyone” 










bution reply” that offers the opportunity 
to make a tax-deductible contribution. 
Respondents are asked to tick a box that 
reads: ‘‘I agree! It’s absolutely essential to 
do extensive research in the area of diet and | 
cancer — especially now when it’s 
estimated that 50 per cent of all cancer is 

diet-related.” 

The institute’s spring 1984 newsletter 
quotes letters from enthusiastic donors, 
including such comments as ‘‘unfor- 
tunately medical schools appear to com- 
pletely overlook (sic) the importance of 
proper nutrition in maintaining good 
health”? and “I firmly believe ... that 
many illnesses can be prevented, halted, 
and even cured by proper diet”’ 

Dr Colin Campbell, a Cornell University 
biochemistry professor who served on the 
National Academy of Sciences panel on 
diet and cancer, was named senior scien- 
tific adviser to the institute last December. 
He acknowledges that the ‘‘census’’ con- 
tinues to make him ‘‘uncomfortable’’ and 
that it is of virtually no scientific value. He 
said he had told the institute staff that it 
was unacceptable but had rewritten the 
questions to make them ‘‘neutral’’ at 
least. He said he had also rewritten a cover 
letter to make it less ‘‘scary’’ and more 
positive in tone, and the institute’s fund- 
raisers had agreed to try it, although he said 
they had told him they were not sure it 
would work. The original letter had said 




















NIH to bolt the stable door 


Washington 

A NEW study by the National Institutes of 
Health (NIH) has recommended tighter 
procedures at their clinical research centres 
to prevent a recurrence of the Darsee 
affair. Dr John Darsee, who had been 
widely regarded as a brilliant young 
medical researcher at both Emory 
University and later at Harvard University, 
was found to have repeatedly fabricated 
research results. 

The NIH study of Darsee’s activities al 
the Emory General Clinical Research 
Center, one of 75 such centres supported 
by NIH, concluded that trainees should be 
supervised more closely and that co- 
authors of scientific publications should be 
required to accept responsibility, in 
writing, for the papers. 

The study offered no recommendations | 
specifically for Emory, noting that the 
university had taken action on its own to | 
prevent a repetition following its internal 
investigation of the Darsee affair. A major 
weakness cited by the NIH investigation 
was the absence of procedures at Emory at 
the time to detect Darsee’s unauthorized 
inclusion of faculty members as co-authors | 
on his many publications and abstracts — | 

















process for reviewing grant applicat 
modelled on that used by the Nati 


| example of the institute’s activity in public 


Cincinnati), Darryl] DeVive (Columbi 







Campbell said he had instituted a 










Institutes of Health study sections 
taking steps to advertise the availabil 
grants. Until now, the availability of 
funds had been spread only by word. 
mouth. Although the institute does not 
release the names of its seven-member 
review panel, a list obtained by Nature 
confirmed Campbell’s assurances that they ; 
are all reputable research scientists. > ee 

Campbell said he felt it unfair to judge 
the institute harshly on its performance 
during its first year of operation. The 
spokeswoman said the institute hopes to ` 
disburse 20 per cent of its funds in research 
grants this year. And she cited as an © 

















education the mailing of 20,000 copies of —— 
the National Academy report to physicians. >: 
and the distribution of one million cardson 
breast self-examination for women. e 
In addition to the $400,000 in grants 
made last year, a further $700,000 had been | 
committed and is being paid out, according 
to Campbell. Campbell’s new review pan 
met in March and approved a further n 
research proposals. The largest recipients 
of the awards made last year were the Linus 
Pauling Institute ($70,000), the American 
Health Foundation ($50,000) and 
Theodore Krontiris of Tufts University 
($50,000). Three members of the scientific ` 
panel, including Campbell, have also 
received grants. Stephen Budiansky 


















to detect anything suspicious about > 
Darsee’s research results. The investigators —— 
were told that although the chairman of the: 
department of medicine at Emory did 
routinely review all manuscripts produced . 
by the department, his review wa 
‘‘primarily intended to insure | , 
supporting grants and services are acknow oO 
ledged correctly”’. = 
The recommendation for closer super- 
vision of trainees arose from the investi- 
gators’ discovery that the Emory faculty < 
members with whom Darsee collaborated 
each assumed that another faculty member- 
was supervising Darsee’s clinical studies. - 
The NIH study recommends the naming _ 
for each young investigator of a single 
supervisor who would be expected to- 
review regularly the trainee’s clinical — 
studies, including raw data. es 
The NIH investigation was conducted by 
Drs Evelyn Hess (University of 








Presbyterian Medical Center) and Ja 
Freston (University of Connecticut 
recommendations are now be 
considered by the NIH Divisi 
Research Resources, which ad mn 
clinical research centres... 












eterans’ case comes to court 


complex saga of Agent Orange, I 
lion gallons of which were sprayed on 
etnam between 1962 and 1971, will 
ally come to trial before a federal court 

n Brooklyn, New York, on 7 May. A jury 
will have to decide whether the chronic 
health problems of nine plaintiffs, includ- 


ing five veterans and three children born | 


with catastrophic birth defects, were 
caused by exposure to dioxin contaminant 
tetrachlorodibenzodioxin (TCDD) found 
in the herbicide. A huge amount of money 
_ is at stake; the plaintiffs represent the entire 


class of veterans and families who attribute | 


medical problems to exposure to Agent 
Orange. Damages awarded against the 
companies concerned could amount to 
thousands of millions of dollars. 

_ Although the class action is directed 
principally against seven manufacturers of 
Agent Orange, the federal government is 
expected to be in court too — very much 
against its will. The manufacturers, 
. claiming that the federal government knew 
about the possible health effects of the 
efoliant when it used it, have filed third- 
“party complaints that could force the 


‘government to share in any liability. The | 


courts have so far rejected the govern- 
: ment’s claim that it cannot be sued for 
- injuries received during military service. 
_ The question of who knew what about 
Agent Orange, and when, will be a central 
issue in the trial. One of the allegations 
_ made against the manufacturers is that one 
of them, the Dow Chemical Company, was 
worried about the toxicity of dioxin as early 
as 1965, but tried to hide its concern from 
the federal government. Dow vigorously 
denies the charge. It says its worries in 1965 
concerned the exposure of its employees to 
large concentrations of TCDD during 
manufacture, not use of the finished 
product which contained vastly lower 
concentrations. It also maintains that the 
Department of Defense knew at least as 
. much as the manufacturers about the 
‘components of Agent Orange and the 
“toxicity of TCDD. 
-. But Dow and its co-defendants intend to 
ey base their defence on scientific arguments. 
-They maintain that not enough research 
has yet been done to conclude whether the 


< health of Vietnam veterans and their 


. families differs significantly from that of 
the rest of the population. The evidence 
‘that is available, they argue, suggests that 
Agent Orange could not have caused the 
health problems ascribed to it. 
Information about the effect of TCDD 
_humans is indeed sparse, although 
ongress has occasionally rapped the 
‘merican Medical Association over the 
nuckles for saying so. Most of the data 
ailable | have. come from studies of 


Si Where victims: are |. 


liver enlargement — 


caused by exposure to sunlight; 


least . Seven yei 


short periods, not to low exposures over a 
long period as in the case of troops in 
Vietnam. Even so, the only TCDD-related 
disorder about which there is no argument 
is chloracne, the skin disease. 

Preliminary studies of the impact of 
Agent Orange have so far failed to establish 


a clear link between the herbicide and the | 


many disorders — including birth defects, 
lymphoma, neuromuscular weakness and 
for which it has been 
blamed by veterans. The scientific evidence 


has been further muddied by the findings 


of the Air Force’s own epidemiological 
study of the personnel involved in the 
“Ranch Hand’’ operation, as the 
herbicide-spraying operation was called. 
The Air Force reported in March that there 
was little evidence that the Ranch Handers 
had suffered as a result of contact with 
Agent Orange. None had soft-tissue 
sarcomas or chloracne, although the 
incidence of certain birth defects, skin 
cancer and liver disorders was high. 

Like many other studies of Agent 
Orange, the Ranch Hand results have been 
hailed as a victory by both sides in the dis- 
pute. The Dow Chemical Company points 
out that the skin cancers could have been 
the 
veterans’ lawyers said the study showed 
that science was beginning to ‘‘catch up” 
with what the veterans already knew — that 
Agent Orange damaged their health. 

The Ranch Hand study, however, is only 
one of more than 60 federal studies of the 
effect of dioxin being conducted at acost of 


some $100 million a year. Because the- 


number of Ranch Hand personnel was 


small, the study was not expected to be- 


sensitive to rare illnesses, a point made 
forcefully by a National Academy of 
Sciences review of the Ranch Hand 
protocol in 1980. Meanwhile, a major 
research programme, including a study of 
identical twins of whom one brother served 
in Vietnam, is under way within the 
Veterans Administration. 

At congressional insistence, however, 
the Veterans Administration has had to 
transfer responsibility for a major 


epidemiological study of veterans to the © 


Centers for Disease Control (CDC) in 
Atlanta. The Veterans Administration is 
distrusted by veterans and has been 
accused repeatedly of reacting slowly and 
insensitively to veterans’ anxieties about 
their health. The $70 million epidemio- 
logical study will be the biggest ever con- 
ducted by CDC. Some 30,000 veterans will 
receive a detailed health interview and 
another 10,000 will be given extensive two- 
or three-day physical examinations in what 
CDC hope will become the definitive 
analysis of the Agent Orange question. But 
the results. will not start to emerge for at 


too late to help the |- 


Chinese nuclear industr 


Advance on 
broad front 


DISCUSSIONS on a possible $20,000 millior 
deal in nuclear technology were a major 
feature of President Reagan’s visit to 
China last month. Coincidentally, the 


| President’s visit came shortly after the 


second national congress of the Chinese 
Nuclear Society, which reviewed the: cure: 
rent state of Chinese nuclear technolog: 
and explored ways and means of. ‘“unitin 
and organizing” large numbers o 
scientists to meet the challenge < of f th 
nuclear age. 

Addressing the inaugural. session | 0 
congress, Defence Minister Zhang A 
noted that although China has bu 
‘*fairly comprehensive” nuclear expe 
over the past 20 years, and has started co 
struction work on its first nuclear pow 
station, at Taishan, the applicatic 
nuclear technology to the econom 
been neglected. Satisfying the need: 

“economic construction and improvi 
people’s standard of living” must, he sa 
be a priority for the nuclear. industr 
although, it must also ‘‘ensure 
satisfaction of military needs’’. - | 

In fact, considerable progress h 
already been made on the applicati 
nuclear technology. More than’ 
nuclear radiation instruments are now 
in the textile, printing, paper-m ’ 
plastics and petrochemical indus 
Between four and five thousanc 
have been logged by radioactive 
radiation sand-gauges have been ir 
in 12 hydrometric stations along: th 
River to monitor sand content of th 
and tracer techniques used for safely 
veys of reservoirs. : 

Future plans include two more nt 
power stations (one in Zhejiang Pr 
and one in the Shenzhen Special Eco 
Zone) and two 450-MW combin 
and power units for the Jinshan 
chemical works in Shanghai. Fea: 
studies are in progress for urban 
heating systems. According to: 
Xinxiong, the Minister of the- 
Industry, China plans to be self- 


in nuclear fuel by the end of the ce 


while experimental work on fast. bree 
reactors and controlled thermonu 
fusion is “making progress’. = 
The main problem, accord 
Defence Minister Zhang, is, h 
safety, and, at the same tim 
larization of knowledge about t 


use of nuclear energy in orde 


‘‘misgivings and apprehensi 
Chinese nuclear industry, Zh 
quite capable of handling fu 
sing, but should go on improv 
and techniques in this field. So 
believe that it could also 
reprocessing ona commer 










| Canbèrtu 
THE restructuring of Australian industry in 
the face of rapid technological change has 
become a central policy theme of the year- 
old Labor Government, due in large 
measure to the advocacy of the Minister for 

Science and Technology, Mr Barry Jones. 

The Prime Minister, Mr R.J. (Bob) 
Hawke, has set up a committee of federal 
ministers to coordinate policies relating to 
the many deep structural changes 
necessary. As well as Mr Jones, the com- 
mittee includes the Ministers for Trade, 
Education and Youth Affairs, Industrial 
Relations and Defence Support, under the 
chairmanship of Senator John Button, 
Minister for Industry and Commerce. 

On 13 April, Mr Jones released a draft 
national technology strategy to stimulate 
Australia-wide discussion of structural 
problems. His paper, a summary of 
deliberations of the National Technology 
_ Conference last September, contains 

several proposals crucial to the trans- 
formation of Australian productivity. It is 
‘particularly concerned with the minuscule 
: investment in research and development by 
- private industrial companies. According to 
the figures made available, research and 
development in Australia in 1981-82 hit a 
low of 1 per cent of gross national product 
(GNP), with the business sector’s con- 
tribution sinking to 0.2 per cent. In 
1968-69, private research and develop- 
ment was 0.5 per cent of GNP ina national 

of 1.3 per cent. 

he paper now sets a target of 1.5 per 
; cent of GNP overall for 1990, with the 
business share amounting to 0.5 per cent 
and rising to 1.0 per cent by 1995 to equal 
the government’s projected contribution. 

< Much of the blame for Australia’s 
dismal export performance in technology 
was attributed to the country’s attitude to 
education as an investment. The Jones 
strategy now urges that the proportion of 
Australian children completing secondary 
shool be increased from 30 per cent in 
982 to 40 per cent in 1985 and 50 per cent 
by 1995. Alarmingly, the number of 

































old actually fell, as a proportion of the 
population of the same age, from 11.5 per 
cent in 1975 to 10.5 per cent in 1982. The 
SI ategy p paper S recommended pat for 


















f ie recommendations in this 
olitically sensitive, including the 
or a review of union attitudes to 
oF nticeships, the effect on train- 
nimum wages for juniors and the 

y sacrosanct doctrine of 
tive wage justice” in which 
” attracts equal pay regardless 
try or its capacity to pay. One 





ttiary students between 17 and 22 years | 


Le workforce should be re} 





annuation scheme instituted to promote 
mobility between industry, universities and 
government, and industrial protection 
gradually reduced. 

In a society arthritic with structural 
rigidity, with 50 per cent of the workforce 
unionized and a cadre of industrial 
managers not yet weaned from protection- 
ism, the issues canvassed are strong meat. 
The prosecution of the policy implied will 
depend on Mr Hawke’s skill at maintaining 
consensus. 

An admirer of South-East Asian 
industrial development and a recent con- 
vert to economic planning in the style of the 
Japanese Ministry of International Trade 
and Industry (MITI), he claims that pre- 
vious governments have not been 
interested in formulating coherent science 
and technology policies. Jeffrey Sellar 


Radioactive atolls 


Bikini Islanders sue United States 


Washington 
THE inhabitants of Bikini Island, which 
was used for 23 above-ground nuclear tests 
between 1946 and 1958, are suing the US 
Government in an attempt to force a clean- 
up of their homeland. The 167 residents of 
the island left at the request of the US 
military and have since been shifted several 
times to different nearby islands, living 
largely on food and supplies provided by 
the US Government. 

A study commissioned by Congress 
reported last fall that a clean-up could be 
carried out at a cost of $90-120 million. 































| can't abide doing other 


santa: dents 





The most feasible approach, according to 
the study team headed by Harvard pro- 
fessor emeritus Henry Kohn, would be the 
removal of a million cubic metres of con- 
taminated topsoil. Without such drastic 
measures, the island would not be 
habitable for 100 years if local foods were 
to be consumed. 
The urgency. of the suit filed this week. 












European pharmaceuticals 


Free trade 









makes trouble 


A BritisH Medical Association (BMAX 
campaign aimed at preventing patients. 
from being dispensed unlicensed drugs has 
suffered a temporary setback. The newly- 
formed Association of Pharmaceutical _ 
Importers claims that BMA’s advice to. | 
physicians last week to stamp prescriptions >- 
“Uk-licensed products only’? contravenes 
the Treaty of Rome. i 
BMA’s general medical services com- 
mittee had become concerned by the 
growing number of reports of adverse re- 
actions to imported drugs that are 
dispensed in the same ways as UK brands > 
but which have not been licensed specifi- .- 
cally for the UK market. Imported ~ 
products bearing the same name as home = 
lines may include differently coloured tab- 










































































Jonathan Weisgall, is that the Compact: 
Free Association approved by the Marshal! 
Islanders (of which Bikini is a part) and 
now pending before Congress would. 
terminate all claims arising out of the. 
nuclear testing, and would provide no- 
funds for cleaning up Bikini. The Bikini | 
Islanders would, however, receive $75 
million in compensation over the next 15 
years on top of the $23 million trust fund — 
already set-aside by Congress. This fundis =- 
used to pay medical and other expenses and > 
a monthly stipend to the 1,100 islanders. ~ 
and their descendants. as 
Eniwetok, an island near Bikini also. 
used for nuclear testing in the 1950s, wa 
cleaned up by the United States in the 1970s 
at a cost of $105 million. 
The Bikini atoll had been resettled after 
the Atomic Energy Commission (AEC) | 
reported in 1967 that radiation had 
diminished to a safe level. In 1975 
however, an initial ground radiological - 
survey raised doubts about AEC’s earlier. 
conclusion; anda full survey in 1978, which 
included measurements of body-burdens 
of radiation in the 139 Bikini Islanders who > 
had returned, found that they were. co 


| receiving exposures of 0.27 to 1.18 rem per ae 


year, largely from eating locally-grown: _ 
food that had taken up radioactive 
caesium-137 from the soil. The federal > 
standard for the general public is 0.5 rem. 
per year; the occupational limit is 5 rem per 
year, Those who had- resettled w 
removed once again, and the island | 
since remained uninhabited. = ae 
As well as taking legal. acti 
islanders are appealing t 
action on a ranp ee 




















and A differently worded in- 
uctions (sometimes not in English) and 
even be of different formulation or 
make-up. Its recommendation to 
ohysicians was intended to counter this 
nd. 

“BMA’s advice is heartily endorsed by the 
‘Association of British Pharmaceutical 
‘Industry. British manufacturers estimate 
they lost £75 million last year to ‘‘parallel 
= imports”, bought from their overseas 
“divisions and sold in Britain considerably 
below the standard British price. The price 
differentials are a consequence of the 


© varied methods for regulating pharma- 


ceutical companies in different countries. 
In Britain, overall profits are limited under 
the Pharmaceutical Prices Regulation 
Scheme, which specifies a target profit 
band for each company, based on capital 
employed, and also controls advertising 
expenditure. In other countries, prices or 
profits may be controlled individually for 
lifferent products. 
- The European Court of Justice ruled in 
1976 that parallel importing should be 
facilitated and that restrictions would be in 
breach of freedom of trade, but in 1980 an 
attempt by the commission to introduce a 
wcirective legitimizing parallel importing 
Failed. The new pharmaceutical importers’ 
association justifies its present imports by 
citing a British licences exemption order 
intended to apply ‘“‘in circumstances in 
which small quantities of medicinal 
products are imported into the United 


China in space 


NEWS 


Kingdom for the treatment of articular 
patients”. 

Even though advertising of products im- 
ported under this order is illegal, the 
Department of Health has been unwilling 
to take action against infringements, fear- 
ing it would be dragged through the Euro- 
pean Court. A new statutory instrument 
that will permit advertising of parallel im- 


Unesco 


ese 3 for 


ports and comply with the European | — 


Court’s ruling while retaining some con- 


trols is now being finalized by the Depart- | 
ment of Health and will be laid before 


Parliament in a few weeks’ time. 


A spokesman for the parallel importers į 


accepted that British patients had in the 
past been dispensed products other than 


those their physicians intended, but said | 


the association will encourage its members 
to “put their houses in order’’. Recently, 
some of its members were obliged to give an 
undertaking in the High Court to stop pass- 
ing off as the UK version an imported 
Glaxo product with deliberately 
counterfeit packaging. 


At issue now is whether a voluntary pro- | 
fessional association such as BMA can- 


make recommendations to its own 
members without contravening European 
law. BMA says it took full legal advice 
before making its recommendations to 
physicians and is confident of their legality. 
The question now seems likely to be 
answered in court, and BMA has halted its 
campaign until the issue is resolved to its 
satisfaction. Tim Beardsley 


Triumph and martyrdom 


Cuina’s space planners last month released 
details of the setbacks and disasters 
suffered during the nine-year effort to put 
into synchronous orbit an “experimental”? 
communications satellite. The satellite 

s successfully launched on 8 April, and 

nserted into its final orbit at 125°E on 16 

April. 

- The admission on Chinese radio that a 
number of ‘scientific and technical 
workers” had ‘‘laid down their precious 
ives’? during the development of the 

satellite was clearly intended as part of the 
current drive against ‘‘anti-intellectual”’ 
x prejudice still persisting from the Cultural 

Revolution. 

->The broadcast centred on two major 
-examples of heroism. One, a lone martyr, 
Ma Jungyan, had been working on the 

possible effects of solar radiation on a 
-satellite in orbit. As this was during the 
“chaotic time of the Gang of Four”, Ma 
was obliged to carry out simulated experi- 

ents at the atomic energy research 

stitute without even the ‘‘minimum 
safety protection’? He was, said the 
commentator, fully aware of the danger 
but ‘knowing that there was a tiger in the 
mountains, he still headed towards them” 


every remission continued to ‘work 
frantically”. 

The other incident was the explosion of 
a rocket on 28 January 1978, during tests 
on fuel flow. Seven of the research team, 
including the director of the test-pad, were 
seriously injured and several others suf- 
fered burns and ruptured eardrums, Never- 
theless, at the urging of the injured 


director, a party meeting was held the same | 


afternoon to determine the cause of the 
incident, and testing was back to normal 
three days later. A week after the incident, 
the director and ‘‘several other comrades”? 
were back at work, still in bandages, and 
they returned to the hospital to complete 
their treatment only when the experiment 
was finished. 

It is not clear whether there were any 
deaths in this incident; the commentator 
clearly implied, however, that there had 
been several fatalities on what he called the 
‘battlefield’ of the space programme, the 
programme of the rocketry division. 
Whether Ma Jungyan and his fellow 
martyrs will receive public recognition in 
the forthcoming exhibition on the Chinese 
space programme, which opens in 

, jlater this month, has not yet been 


But China seems bent nt 


board Gaal: for. 
participating in the ng i 
decisions about the bude for 1985 : 
the US notice of withdrawal will have € 
pired, cannot be taken until the: meeting o 
the executive board due in November. Bu 
next week’s meeting should throw some 
light on Unesco’s response to the B 
Government’s for radical changes in the 
organization’s way of working: a 
The agenda for next week’s meeting col 
cern’s Unesco’s science and technology 
sector only in uncontroversial ways - it 
executive board is expected to take on } 
nod the secretariat’s proposals. for t 
invitation lists to this November’s me 
on information technology and that-p 
ned for next year on problems affe 
Latin America and the Caribbean. } 
over, science and technology are relatr 
well protected i in the secretariat’s pro 
for trimming $10 million from the two-year 
budget for 1984-85. Indeed, the gra 
the International Council of Scien 
Unions has actually been increased. 
Fireworks, if there are any, willt 
attend the general items on NEX 
agenda, especially that req ri 
response to the British. letter. 
Timothy Raison, Minister of 
Overseas Development Admini 
sent to the director-general of Un 
March. That letter asked that 
should reorder its priorities and im 
the management of its affairs. At é 
meeting in London, the director-get 
was told that continued. British mem 
ship ‘‘could not be justified” unless 
were signs of change at Unesco. 
By all accounts, few expect that the 
be much that is tangible to report. : 
first meeting of the executive bo: 
the letter was sent, although the Bi r 


Unesco secretariat and the de 
other member states are likely 
fluence the spirit in which- 
Government carries out its pro 
threatened — review of the | 
membership. ; 
Mr Ray Beverton, who 
John Kendrew on | April a 
the science and technology 
of the British National 
Unesco, said earlier this 
group h had not yet 













JK compr 


THE British Toxicology Society has thrown 
its professional weight behind the 
campaign by British animal welfare groups 
to end the LD,, test of acute toxicity. A 
special report by a working group of the 
society concludes that accurately 
determined LD. values are rarely 
justified, and proposes an alternative test 
which it considers more humane while still 
providing essential safety data for product 
labelling and classification. 

The LD., test has long been a main target 
of animal welfare campaigners. New guide- 
lines published in 1981 by the Organization 
for Economic Cooperation and Develop- 
ment (OECD) lowered the number of 
animals needed for the test, which estab- 
lishes the quantity of a substance needed to 
kill 50 per cent of a group of test animals. 
Even with the new guidelines, however, 30 
animals would typically be used for each 
LD, determination. 

The alternative proposed by the British 

Toxicology Society classifies substances 
into broad bands of toxicity based on their 
observed effects on animals at pre-set 
dosages. If survival at one level is more 
than 90 per cent, with no evident sign of 
toxicity, dosage is increased by a factor of 
10; if it is less than 90 per cent, dosage is 
decreased by the same factor. This pro- 
cedure continues until the pre-set level is 
found that causes evident toxicity but 
allows more than 90 per cent survival, 

which specifies the classification. With 10 

- animals per group and 3 classes of toxicity 

(as in the current EEC chemical regu- 

lations), on average between 10 and 20 

animals would be used. 

The Home Office in London is working 
on new proposals for animal welfare legis- 
ation, and is keenly aware of public press- 
ure to reduce the number of animals used in 
routine testing. Mr David Mellor, Under- 
Secretary of State at the Home Office, is 
‘known to be sympathetic to the view that 
the continued widespread use of LDs, 
hould not be necessary. The Toxicology 
society hopes its acute toxicity test 
ocedure will gain peer acceptance and 
‘become internationally recognized. 

- The claimed advantages, apart from 
ompatibility with existing European 
stems, include the fact that (unlike LD,,) 
f toxicity are included in the assess- 
while severely affected animals can 
ely killed without affecting the 
of the study. The new test is also 
» be less variable between 
s than LD,,. The long-term aim 
y is to force a European or a 
1 OECD aimed at establish- 
es. An existing EEC direc- 
serous substances that seems to 































































































































omise and coercion 


| same spirit. Similarly, Israeli musicologist 


“pain clause” in the draft proposals on 
animal experiments that it published last 
year. It is being pressed by the British 
Veterinary Association and others to 
extend the existing ban on experiments that 
cause severe and enduring pain to those 
causing severe pain or distress. The assoc- 
iation, together with the Fund for the 
Replacement of Animals in Medical 
Experiments (FRAME), is also pressing for 
a linkage between the amount of pain or 
distress that may be allowed in an experi- 
ment and the potential benefits. Home 
Office officials are now thought ready to 
accept the principle of such a linkage. 
Civil disobedience and violent protest 
against animal experiments are likely to be 


Israeli-Egyptian relations 


Cooperation in the doldrums 


Rehovot 

A LEADING Israeli physicist recently gave 
an ‘‘unofficial lecture’’ at a major 
Egyptian university. For political reasons, 
there was no advance notice of the lecture, 
organized by an Egyptian colleague whom 
the Israeli had met at a US conference. 
Word got around, however, and by the 
time the Israeli began to speak, the lecture 
room was crowded with young Egyptian 
researchers, most of whom stayed behind 
afterwards to discuss physics and to express 
the hope that full above-board links 
between Israeli and Egyptian scientists 
would soon be possible. 

Although Israel and Egypt have been at 
peace for five years, there is at present only 
one place where scientists and scholars 
from the two nations can meet officially, 
the Israeli Academic Centre in Cairo 
headed by Professor Shimon Shamir of Tel 
Aviv University. The centre, sponsored 
principally by the Israel Academy of 


Sciences and Humanities, functions like — 


the cultural centres of other nations, 
serving Israeli academics in Egypt for 
scholarly research, presenting lectures by 
these academics and giving Egyptian 
scholars access to Israeli research papers 
and books. 

Such activities would be quite straight- 
forward were it not for the fact that many 
in Egypt now regard all contact with Israel, 
no matter how innocent, as suspect. 

Since the centre opened in May 1982, 
most of the lectures given there have been 
devoted to subjects of clear mutual 
interest. For example, Professor Sasson 
Somekh, an Israeli expert on Arabic liter- 
ature and language, dwelt upon the fact 
that Hebrew and Arabic originate from the 
same linguistic family — and then dealt 
with problems of modernization in the 


stepped up over the coming mon 
Britain. A coalition of hardh 
antivivisection organizations linked unde 
the banner of ‘‘Mobilisation 
Laboratory Animals” is planning a week | 
of protests that will culminate in a national 
march on 12 May. The demands include a 
ban on the LD,, test and the Draize eye test, 
as well as cosmetics testing and all 
behavioural, psychological and military- 
experiments. Last weekend, a security =e 
guard was injured when protesters broke 
into testing laboratories owned by Imperial 
Chemical Industries Ltd. Some parties to — 
the “mobilisation” coalition condone, if 

not actually organize, protests that entail 
physical violence, and more violent 
incidents seem likely. Later in the year, 
according to a spokesman, a vigil will be 
held outside every animal laboratory in 
Britain. Tim Beardsley 


































University Professor Hava Lazarus-Yafeh 
discussed the relationship between Halkha. 
(Jewish religious law) and Sharia (Mosh 
religious law). : 

Sometimes, Israeli lecturers hay 
reported on research carried out in Egyp 
itself. Dr George Kanazi, a senior lecturer 
in Arabic literature at Haifa University, 
told his Cairo audience about mediaeval 
Arabic manuscripts on the art of wine- 
drinking. Kanazi, himself a Christian Arab 
born in Nazareth, pointed out that even 
after the advent of Islam, which prohibits 
intoxicating beverages, laxity in the inter- ; 
pretation of Islamic law had made wine-_ 
drinking ‘ʻa luxury that was sought and 
enjoyed”. 7 

Many of the Israeli researchers visiting 
the academic centre are interested in Islam 
and many of the Egyptians are similar 
interested in Judaism. 

Egyptian doctoral candidates have 
received information, for example, on 
“Elijah the prophet in Jewish and Moslem 
folklore’’ and ‘‘the author Aharon Megged 
as a representative of Israel’s 1948 — 
generation’’. Other PhD candidates have 
sought and obtained material for studies 
comparing Egyptian and Israeli 
approaches to education, social welfare 
and architecture. 

The reactions of Israelis to these inter- 
actions, and to Egypt generally, are vari- 
able. Shamir says that ‘‘Israelis who come 
to Egypt looking for fanaticism, political 
rigidity and uncompromising hostility 
towards their country find these things; 
those who come looking for open-mindec 
attitudes, warmth and a desire for peac 
find them also.” | | 
Shamir regrets that it is im 




































cooperation between Isr: 









.mersham International 


O sponsor a fellowship at the University 
Cambridge, in a department (bio- 
chemistry) run by a knight (Sir Hans 
Kornberg) who is also master of a 
Cambridge college (Christ’s), as 
Amersham International is about to do, 
may seem slightly odd for a company that 
thinks of itself as an adventurous creature 
newly emerged from the confining 
chrysalis of public ownership. But the 
Amersham Fellowship is a recognition by 
the company of the extent to which its 
growth, diversification and profit depend 
upon the progress (and demands) of 
academic research. 
= © Dr J.C. Maynard, chief executive of the 
-= research products division — one of three 
T into which the company is now organized 






















: ations with academics, including sponsor- 
‘ship of several projects. That is largely why 
‘the company was able to market 130 new re- 
‘search products last year, many of them the 
result of an opportunist approach and 
many of them unrecognizable as products 
~i what was, until 1981, the Radiochemical 




























































The change of name followed a change 
of managing director and preceded the sale 
in 1982 of shares in the company by the 
British Government. (That move 18 
reckoned to have cost the taxpayer dearly 
‘because of a gross underestimate of 
nvestor demand for the shares, which 
more than doubled in price after the sale.) 
~ One striking change of business strategy 
“has been that Amersham is taking a leaf out 
_of the British dairy business’s book. Just as 
“the system of daily delivery of milk to 
British households is now being exploited 
to offer anything from meat to bread, so 





































5 <a estimates that he has about 120 collabor- 


.cademic symbiosis flourishes 


Amersham has decided to exploit its system 


for the speedy delivery of labile radio- | 


chemicals to market other products. The 
main thrust has been in the direction of 


molecular biologists. Since they all take | 
deliveries of radiochemicals, why not offer | 


them restriction enzymes as well? 


Amersham seems to have made a con- | 


siderable success out of just that, obtaining 
the enzymes from the Japanese market 
leader, Takara Shuzo. Perhaps five per cent 
of the sales of research products, which 


accounted for about a third of the | 


company’s £78 million turnover in 1983, is 
accounted for by restriction enzymes. But, 


as marketing manager Dr Brian Ellis is | 
quick to say, Amersham faces much more | 
competition in the sale of enzymes than in | 


radiochemicals. Like all enzyme 
companies, Amersham would dearly like 
to have some unique enzymes on its list and 
would also like to offer reverse trans- 


criptase, an essential enzyme for almost all | 


molecular biolgists. 


Other burgeoning sales to molecular | 


biologists come from reagents for the 
cloning, packaging and sequencing of 
DNA. Most of the reagents are not radio- 
active, many are offered in convenience 
kits. (There is even an anti-DNA kit, not so 


much an anti-research product as an aid to | 


diagnosing the presence of antibodies to 
DNA in clinical blood samples.) Like many 
other companies, Amersham is also look- 


ing hard at the possibility of supplying non- i 


radioactive alternatives to the current 
DNA probes but so far none is of sufficient 
sensitivity, says product manager 
Mahomed Jassat. 


More in the traditional line of the | 


company, but typifying its new approach, 










MANY readers of Nature who have’! ee 
alarmed to learn that foreign visitors earn- 
ing income in the United Kingdom will in 
future be taxed like residents (Nature 26- 
April, p.762) have nothing to fear. The. . 
proposed changes in tax relief for nom- 
domiciled employees working in the United — 
Kingdom for non-resident employers, HOW 
in committee stage in the British Parlia- 
ment, do not affect those working as- 
teachers or professors at a recognized - 
educational establishment, or those: who | 
are undertaking research that is for the — 
benefit of the general public. ue 

People in these categories will continue 
to enjoy total freedom from taxation in ihe 
United Kingdom, provided that the visitis — 
for less than two years. Under double — 
taxation relief agreements, this exemption 
is reciprocal and so would apply also to 
British academics visiting foreign countries: e 
to teach or carry out research. oS 

Those unfortunates who are not teach- 
ing, or whose research is for the benefit of 
private individuals or companies, will not 
in future benefit from the special reduction 
for short-term visitors to the Unite 
Kingdom, currently calculated at 
deduction of 50 per cent on earnings. Fro! 
1987 the relief will be reduced to 25 per cen 
and from 1989 it will be withdraw 
entirely. fi 
















are radioisotopically labelled ligands for 
receptors on the surfaces of cells. “‘It’s a 
flavour of the month business’’, says. Elli 
The trick is to be very quick off the mar 
produce new ligands after their disco 
and before they are displaced bysom 
better. It can take Amersham as litt 
three months to launch a new prodi 
Some may sell for not much longer t 
that, and to the tune of only a few thous: 
pounds, but still be worthwhile. 7 

Financially as well as physi | 
Amersham has been growing since it- 








public in 1982. The half-year figures for 
1983 show sales and profits more than. 20 
per cent up on 1982. More than 80 per cent 

_ of sales are overseas, business is booming 
in Japan and the company feels itis gaining | 
on its arch-rival, New England Nuclear, : 
the United States. In physical terms, t 
staff of Amersham now tops 2,000, the. 

l | administrative staff is to move into offices 
em being built close to the Amersham site an 
| research staff will soon start to occup 

what was the Pollards Wood Resear 
Station of the Institute of Cance 
Research, a few miles away. ae 
That move is part of the two-y 




















































resistance does not hit sales, 
will soon be in better shape th 
take advantage of the many ideas that 
be flowing from its contacts in 





















SIR — : Your cheap sneer (Nature 15 March, 
24) that ‘‘many once adventurous 
jJaboratories have become places where 
ageing investigators brood on their pension 
rights” perhaps reflects the fact that your 
reporters are no longer visiting these 
laboratories. If they did, they would recog- 
nize the exciting and high calibre research 
which is being conducted against a back- 
ground of continuing cuts in both staff and 
equipment. They might also recognize the 
high regard with which these laboratories 
are held by overseas scientists if we are to 
judge by the number of requests received 
from scientists in developed and developing 
nations alike to visit and work in these 
laboratories. J. N. R. JEFFERS 
The Institute of Terrestrial Ecology, 
Merlewood Research Staton, 
Grange-over-Sands, 
Cumbria LA11 6JU, UK 














Nuclear abstracts 

Sir — M. A. Bray (Nature 307, 206; 1984) 
had expressed concern about the large 
number of abstracts appearing in data- 
bases. J. R. Metcalfe (Nature 308, 222; 
1984) questioned whether conference 
abstracts should even be included in data- 
bases. 

For the nuclear physics bibliographic 
databases maintained at the US National 
Nuclear Data Center (NNDC), secondary 
references such as meeting or conference 

abstracts and dissertation abstracts are 
routinely coded. In the bibliography to 
neutron-induced reactions (CINDA 
system), all references to a given research 
work (either experimental or theoretical) 
are blocked together in the database. 











flag” so that they never appear in the semi- 





abstract constitutes the only reference in 
that block. However, all entries can be 
obtained in a computer retrieval. The same 
was true for the charged particle induced 
reaction bibliography (CPBIB) system. 

For the, nuclear structure bibliography 











«which is published thrice annually, there is 
no. blocking. However, the secondary 
references appear in a section separate 
from the primary journal listings. In 
‘support of Metcalfe’s arguments in favour 








sien which could possibly avoid 








They are not alone 


- Abstracts are entered with a ‘‘no book | 


annual cumulative publication, unless the- 


(Nuclear Structure References system) | 
gLinchision, the interval between an initial | 


on and wasted research funds and | 





Sin — Is the individual research scientist 
becoming an endangered species, as more 
and more disappear into the relative 
obscurity of ‘‘research teams’’? An investi- 
gation of the pages of Nature suggests that 
this is indeed the case. 

Since 1979, the number of ‘“‘Letters to 
Nature” published has been in the region © 
of 1,200 per year. However, throughout 
this period, there has been a gradual annual 
reduction in the number of single — and 
double — author papers coupled with an 
overall decrease in manuscripts with three | 
named authors. This marked decline has 
been accompanied by a major increase in — 
the number of multi-author papers. 

A breakdown of the 1979 and 1982 quota 
of Letters to Nature clearly illustrates the 
change of distribution. During the four 
years, the decrease in letters with three 
authors or less was reflected by the steady 
rise in the average number of authors per 
letter, the 1982 figure standing at a mean of © 
























-~ 3.17 authors per pap 


authorship in Nature, illustrated by 
presence in 1980 of a 21⁄2 page article w 
27 named authors, poses the question: hag 
scientific research become specialized tœ 
such an extent that individuals must now 

pool their expertise in order to eee 
carry out a research project? : 


petence. 
40 Ranelagh Road, 





er which repre 
14 per cenit increase overall. 
The observed shift towards multipl 



















The most likely cause for the cons 


spicuous movement away from single- 
authorship is, perhaps the ‘‘publish or- 
perish’? syndrome. Drastic funding cut- 
backs in the private and public sectors, 
worldwide recession and the threat of 


unemployment have all intensified the 


pressure on researchers to protect their 
positions. Being named on as many pub- 
lications as possible, no matter how remote 


the connection with the original research 
work, is one way of proving one’s com- 
ANDREW J. CRUMP 


London W5 SRG, UK 





Numbers of Letters to Nature with 1 to > 9 authors in 1979 and 1982. 


| 2 3 
1979 198 448 307 
1982 134 360 265 
Mean change per year -9 -7 -2 


{expressed as Ye) 


Homer’s vino 


Sin — Will someone in the Mediterranean 
please confirm or refute Wright and 
Cattley’s chemical hypothesis about 
Homer’s ‘‘wine-dark sea” (Nature 303, 
568; 1983). I tried with French wine using 
Copenhagen water that is alkaline enough | 
to turn red cabbage blue, but all I got was a 
tasteless red fluid. Perhaps ‘‘wine dark” 
refers to the lack of turbidity in wine. 
Coastal and inland waters are usually 
turbid whereas the clarity of deep Mediter- 
ranean waters off rocky shores could be 
compared to the clarity of wine. If so, 
‘twine clear sea’’ would be a better trans- 
lation and close to the Dutch/ Afrikaans (?) . 
wijnkleurige zee quoted by Macnamara 
(Nature 307, 590; 1984). 

The use of otvona movrov as a fixed | 
Homeric metaphor without necessary ref- 
erence to colour has an analogue in modern 
English. What is the skin colour of most of | 
the white men you have seen recently? | 

ROBERT B. DEAN 





































Waste Management 
& Research, Editorial Office, 
1606 Copenhagen V, Denmark 
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| Exciting news 
Sir — Your reviewer (Nature 307, 765; 
1984) suggests that some results may ‘‘titi- | 
vate’. It is hard to see how they could 
spruce up either themselves or your 
readers, although the results might well 
agreeably excite (titillate) at least the latter. 

R. P. BOAS 















Department of Mathematics, 
Northwestern University, 
mston, , Illinois 60201, USA 
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Only correct 


SiR — Two errors are becoming commoner 
in scientific writings. a 
(1) The word ‘‘only’’ is being shift od 
forward, away from the word it modifies. 
Note the differences among the following: 
“Only I saw the white shark’”’ (no-one else ~ 
was on deck). “‘I only saw the white shark” 
(I didn’t actually catch it). And ‘‘I saw only a 
the white shark’’ (there were no grey ones > 
around). a 
(2) Within the past few years the word oe 
“within” has been supplanting the simpler 
“in”, usually without cause. Rats live. 
within cages, particles sediment within. ¢ 
limited space, trees within a given area’ | 
grow and die. In such contexts, what is a 
wrong with using ‘‘in’’? a 
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The real thing | 
SiR — Your correspondence columns have _ 
recently contained proposals for various 
“opposites” to placebo. The German- 
speaking world has used Verum, ‘‘the t 
thing’, happily for years as an antonym t 
placebo. | managed to use it in an En; lis 

language journal (J.R. statis. Soc. A 146, 
386; 1983), although the editors insist 
penang it in italics. 
























Further data from the eccentric binary pulsar reaffirm the value a observations: G 
The reality of gravitational waves is confirmed, the masses of the stars remain a puzzle 


Tue old adage that if you must make 
measurements, you had better use a clock 
for then you will have time on your side, 
has been verified again. Almost exactly five 


years ago, Professor J.H. Taylor, the 


radioastronomer then at the University of 
Massachusetts at Amherst, described the 
first measurements of what is affection- 
ately knownas his pulsar (Nature 277, 437; 
1979) that were accurate enough to con- 


. stitute a proof that gravitational radiation | 
is real. In fact, the object that Taylor has — 


e ban observing closely for the best part of a 
"decade is not an isolated pulsar, but a 
binary system — a neutron star and a com- 
panion star of roughly equal mass. 


The good luck is that the two objects ai | 


gghtly bound — the orbital period is 

ours 45 minutes — and that the nies is 
also markedly elliptical, And the con- 
sequence of that is that the precession of the 
orbit resulting from non-Newtonian gravi- 
tational forces is rapid — more than 4 
degrees a year, compared with a mere 0.43 
seconds of arc a year for the precessing of 
_ the perihelion of the planet Mercury in its 
- orbit about the Sun. Gravitational waves 
enter because the orbital period (not in this 


= connection to be confused with the > 


. rotational period of the pulsar of 0.059 
` seconds) is decreasing, which implies that 
the system is losing energy in a way that can 


be explained only by gravitational | 


radiation. 
Taylor, now at Princeton University, has 


iow, with J.M. Weisberg of the same | 


laboratory, brought the story of the pulsar 
1913 + 16 up to date (Weisberg and Taylor, 
Phys. Rev. Lett. 52, 1348; 1984). 
Observations with the 300-m Arecibo dish 
-in Puerto Rico have been accumulating for 
~ the whole of a decade. Altogether, there 


are more than 3,300 separate measure- 


ments, each consisting of the integration of 
the 5,000 or so pulsar wave forms received 
in a 5 minute interval. The authors say that 
<- their binary system is ‘‘uniquely suitable” 
for testing the prediction of general rela- 
` tivity that the members of a binary system 
should ‘‘gradually spiral together as the 
system loses energy in the form of gravita- 
tional radiation’’, but many of their 
F readers will be more impressed by the 
astonishing precision with which the orbit 
of the binary system can now be described. 
Inevitably, the orbital period is the most 
ccurately determined of all the quantities 


he standard error of the perior. | 
07. a ionization in in. th generala direction: of a 


standard error of a single measurement of 
the time of arrival of the individual pulses 
in one of the elementary observational 


periods of 5 minutes. But with a terrestrial | 


atomic clock accurate to | microsecond, 
should it not have been possible to do even 


better after 10 years of observation? With- 


more than 1,000 orbits every year, 10 years 
of observations should after all give a 
periodic time accurate to within the 


standard error of the clock divided by 
10,000, say a nanosecond or so. And are | 


not the rotational periods of many pulsars 
known to an accuracy of better than 1 
picosecond? 

The snag is that a system is much more 
complicated than an ordinary bare pulsar. 
With both kinds of objects, of course, it is 
necessary to correct the times at which 
pulses are expected to arrive for the 
physical motion of the Earth in its orbit 
around the Sun (which can make a differ- 
ence of more than 2,000 seconds for an 
object in the plane of the ecliptic). For a 
binary system such as Taylor’ s, it is nec- 
essary to extract from what is essentially a 
sequence of time-marks all the character- 
istics of the pulsar orbit. One practical 
difficulty with Taylor’s pulsar is that its 
signal is weak, though reproducible, so 
that the usual trade-off between receiver 
bandwidth and time precision arises. 

With the passage of five years, however, 
the precision with which quantities such as 
the eccentricity of the orbit (numerically, 


0.617 and now known to 3 parts in a 


million) can be known has been improved 
by a factor of at least two. The most 


striking improvement has come in the | 


estimate of the projection of the semi- 
major axis of the elliptical orbit on the line 
of sight (a factor of five), the rate at which 
the orbital period is decreasing (a factor of 


seven) and, most important, the rate of 


precession of the orbit (a factor of six). A 
decade from now, this distant orbit may be 
as well known as, say, the orbits of some of 
the satellites of other planets in the Solar 
System. 

Conceivably, the precision of some of 
these quantities may be dramatically im- 
proved by a technique Dr A.G. Lyne of the 
Nuffield Radio Astronomy Laboratories 

of the University of Manchester at Jodrell 
Bank has been exploiting in the study of 
another binary system one of whose 
members is also a pulsar. By all accounts, it 
is possible to exploit the irregular pattern of 


infer the position of the pulsar in. its orbi | 


from the scintillation of the pulsating radio =: 
a For pe purpo es; the 


the padon of a enn ea can D 
pinned down. No doubt Taylor will be 


anxious to see whether the sp 


ing between here and PSRI91 5 + : 
this to be done. 


1982, “Taylor and Weisberg we phys 


253, 908; 1982) were saying that the d 


acu ee thet imed out all gravit: 


observations. 

Weisberg and Taylor also say thi 
data now reveal a delay in the sign: 
the pulsar in those parts of the orbit. 
which the line of sight passe th ig 


| gravitational field of the cor 


This is the phenomenon now frequ 


| observed when the line of sight 


grazes the limb of the Sun. Weishe 
Taylor say that their. data const 
first observation of this effect 
Solar System. | 
The other striking and n d 

ment is that the masses of the t 

now been pinned down much more 
cisely. than has previously. been pos 
The essential difficulty is familia l 


the masses of celestial objects whos 


tational interactions. are those o 


masses cannot be derived from Ne 


mechanics. But for the binary. 
relativistic corrections, the advanc 


_ periastron for example, are nec 


least certain. But these are preci 
properties of the system whose precisio 
has been most strikingly improved i in th 
past five years. And the outcome make 
more remarkable what has seemed Ô 
the start a strange coincidence. — the 
masses of the two stars are indist g si 
able both from each other and 
Chandrasekhar limit for colla 

neutron star. So is it just poss 


to learn mci about the 
companion star if the n 
become precise decal fo 








from Robin Weiss 


THE publication of four papers'~* in the 
4 May issue of Science by R. C. Gallo and 
colleagues on a link between acquired 
immune deficiency syndrome (AIDS) anda 
retrovirus related to human T-cell leu- 
kaemia virus (HTLV) was preceded by 
much comment which has generated con- 
siderable confusion. The main causes of 
© this sorry state of affairs are the intense 

interest in, and fear of, AIDS and the 
decision that the US Secretary of State for 
Health should herself announce ‘the 
identification of the cause of AIDS’ and 
hence the ‘means of prevention’. More- 
over, rivalry and lack of cooperation 
between different US governmental 
- agencies — the Center for Disease Control, 
the National Institute of Allergy and 
Infectious Diseases and the National 
- Cancer Institute (NCI) — led to unco- 
ordinated press statements. These have 
- exacerbated the already contentious matter 
of deciding precedence between L. 
- Montagnier’s group at the Institut Pasteur 
in France, which published first*® but with 
skimpy data, and Gallo’s group at NCI, 
which delayed submission until a thorough 
characterization of their virus and repeated 
isolations from different patients had been 
accomplished. Furthermore, the two 
groups are using three different names for 
what I believe will turn out to be the same 
virus. 



















































































































































‘Why look for a virus? 

There no longer seems to be any doubt that 
AIDS is caused by an infectious agent. The 
view that it might instead result from 


























gens, while plausible for homosexuals with 
‘multiple sexual partners and for haemo- 
‘philiacs receiving factor VIII pooled from 
thousands of blood donors, cannot apply 
to AIDS developing after a single blood 
transfusion or in infants of affected 
mothers. What kind of infectious agent, 
hen, might give rise to this disease? Again, 
-the discovery of the transmission of AIDS 
by blood or by semi-purified blood pro- 
- ducts helped narrow the field because it is 
“unlikely that a fungus or a bacterium (per- 
japs. secreting an immunosuppressive 
in comparable to cyclosporin A) would 
itted by such routes. In any case, 
er had AIDS been categorized as a 
pidemic and usually fatal syndrome 
t; than the search for its causative 
was directed mainly towards viruses. 






















































































































nopathy syndrome (ELAS) 
be either a milder form or early 
)S, are infected with many 

megalovirus, Epstein-Barr 
yatitis B virus are examples of 











‘repeated exposure to different human anti- — 


vatients, and those with extended | 





ulation at risk as well as many other 


individuals. They may appear in more viru- | 


lent form in AIDS and ELAS patients but 


that is probably a result rather than a cause 
of the disease. In turn, they may play a part 
in exacerbating immune deficiency once it | 


sets in, but these well known widespread 


viruses did not seem likely to be the initiat- | 


ing agent of AIDS. Instead the pointers 
were towards a new virus, or a new satellite 


agent which might increase the patho- - 
genicity of a common virus, just as the | 


delta agent causes hepatitis B to be more 
severe. 

Montagnier’s viruses (LAV 
and IDAV) 


Last May, Montagnier and colleagues | 
reported the transient production of cell- 
free reverse transcriptase activity and virus 


particles when leukocytes from an ELAS 
patient were co-cultivated with fresh T cells 
from normal subjects’. The virus showed 
no cross-reaction with the core antigens of 
HTLV-1, the virus that is frequently 
associated with human T-cell leukaemia, 


though there was slight cross-reaction with | 


antigens on the membranes of HT LV-I- 
infected cells. Montagnier named the virus 
lymphadenopathy virus one (LAV-1). 


Scepticism of the French group’s obser- | 


vations grew because other laboratories 


had difficulty in confirming them and — 


because of a widely held opinion among 
electron microscopists that the particles 
depicted in the paper resembled an arena- 
virus more than a retrovirus. 

At the Cold Spring Harbor Meeting on 
HTLVs last September, Montagnier 
presented further data, including electron 
micrographs of particles that resembled 
D-type retroviruses with truncated 
(cylindrical) cores and long stalks where 
budding of the virus from the plasma mem- 


brane of infected cells was incomplete’. | 


The major core antigen, p25, of LAV-I was 


found to be antigenically related to equine | 
infectious anaemia virus (EIAV), a little- | 
studied retrovirus that causes haemolytic 
anaemia and fever in horses. In its ultra- | 
structure, EIAV is similar to LAV-1 asseen | 
in the more recent electron micrographs’ ®. | 


At Cold Spring Harbor, Montagnier also 
described further isolates of retroviruses 
from two AIDS patients’, one of them a 
haemophiliac. The virus from the haemo- 
philiac and a virus isolated from his 
brother, who is also a haemophiliac but 
does not have AIDS, have recently been 


described in Lancet © and have been named | 


immune deficiency associated viruses 
(IDAVs). IDAV is indistinguishable from 
LAV. 


These viruses are promising candidates | | 


as aetiological agents of AIDS.and ELA 


| HTLV strains, particularly HTLV-2. 


because 60-75 per cent of AID 


have serum antibodies that react with 

p25 antigen of LAV-1!, and because they 
are cytotoxic im vitro to the OKT4* sub 
group of T cells which contains th 
majority of helper T cells. To date, LAV-1, f 
IDAV-1 and IDAV-2 have not been \ 
thoroughly characterized biochemically, 
and permanent cell lines producing the 
viruses are not yet available, although = 
nearly a year has passed since the first 
report of LAV appeared in print’. 


Gallo’s virus (HTLV-3) 
The virus now described by Gallo etal. has 
been designated HTLV-3 because it is con- 


i 


| sidered to be a new member of the HTLV 


family (now called lymphotropic, instead 
of leukaemia, viruses). Some 50 HTLV-3 
isolates have been obtained from different 
AIDS and ELAS patients with the 
ingenious use of a T-cell leukaemia line 


| (HT) that is highly permissive to HTLV-3 


replication’. The infection of HT by 
HTLV-3 is easily detected by the formation 
of syncytia similar to those we described 
for HTLV-I and HTLV-2 (ref. 9). The 
continuous production of high titres of _ 
HTLV-3 in HT allowed Gallo’s group to 
characterize the viral proteins and prepat 
antibodies to them. Schtipback ef ai. repe," 
a cross-reaction of HTLV-3 p24 with oth 









Genome analysis, yet to be published”, 
indicates that HTLV-3 is significantly — 
related to HTLV-1 and HTLV-2. | 
More than 80 per cent of ELAS and 
AIDS patients have serum antibodies that 


| are related to specific HTLV-3 antigens, 


especially the envelope glycoprotein, gp41. 
A relatively high proportion of a small 
sample of homosexuals and drug addicts 
without AIDS also have HTLV-3 anti- 


| bodies. 


| Are HTLV-3 and LAV/IDAV 





the same virus? 
The NCI group place their AIDS virus * 
firmly in the HTLV family whereas the 
French group have emphasized that their 
virus has antigens that cross-react with 
EIAV and that it lacks relationship to 
HTLV-1. Nonetheless, in my view the 
similarities between HTLV-3 and LAV are 
more remarkable than the discrepancies. 
Disregarding the origina! electron micro- 
graphs of Barré-Sinoussi et al.*, the ultra- 
structure of both viruses is very similar 
(compare Fig. 2 of Vilmer ef al.ć with Fig. | 
of Gallo et al.2). While HTLV-I and 
HTLV-2 endow OKT4* cells with 
indefinite growth potential, neither = 
HTLV-3 nor LAV has this capacity for. . 
‘immortalization’. Both HTLV-3 and 
LAV can be passaged as free virus, wherea 







| HTLV-1 is much less stable and unlikely to | ; 


survive the process of factor VIH 
preparation — although we have reported 
cell-free transmission of HTLV-1 (ref. 11 
_ The apparent A 































e two groups, particularly as HTLV-3 is 
ore distant from HTLV-1 than HTLV-2 
and most AIDS and ELAS patients lack 
antibodies recognizing p24 of HTLV-1. 
iven the relationship claimed between 
AV and EIAV it will be interesting to 
certain whether the latter belongs to the 
HTLV family (which includes bovine 
leukosis virus). The relationship of 


HTLV-3 and LAV could be rapidly 
resolved by an exchange of reagents | 


between the two laboratories. 
A serological test devised in Essex’s 
laboratory’? (the ‘HTLV-MA’ assay) 


~= -appears to correlate closely with AIDS and | 
_ ELAS in homosexuals, haemophiliacs and 


~~ other recipients of blood transfusions!2"'4, 


S - The HTLV-MA test is an immunofluor- | 


~~ escence assay of the binding of serum to the 
surface of HTLV-1-infected cells, in par- 
‘ticular to the gp61 envelope precursor of 
HTLV-1 that has been defined by Hattori 
etal.'5, I have been frankly dubious about 
HTLV-MA as a specific test of HTLV-1 
antibodies because of its lack of correlation 
“with our more specific env antigen 
_ assays?:!® and because faint fluorescence at 
1 in 4 dilutions of serum were counted as 
\ positive. It now seems much more likely 
t the HTLV-MA weakly cross-reacts 
ith HTLV-3 or LAV. No doubt Essex et 
al. will re-analyse their sera using a more 
appropriate antigen. Indeed, as mentioned 
earlier, a weak cross-reaction by live-cell 


$ immunofluorescence between sera of LAV- 


positive patients and HTLV-1-infected cells 
has been observed’. 


Immunodeficiency caused by 


other retroviruses 

One of the reasons for suspecting that a 
retrovirus might be the cause of AIDS is 
_ that several animal viruses (including some 
strains of avian and feline leukaemia 
viruses) are known to cause various kinds 
of immunodeficiency, anaemia and 


aplasia. Indeed, it has not been lost on 


opportunistic retrovirologists that the US 
IDS budget is a lucrative source of 
research funds. For years, the immuno- 
deficiencies caused by some retroviruses 
were regarded as a nuisance because 
fected animals died of ‘laboratory’ i 
fections before they could de velop 
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related to MPMV'*°; experimental in- 
oculation of this virus into young monkeys 
induces the disease *°, Simian AIDS differs 
from human AIDS in affecting a much 
wider spectrum of blood cells than OKT4+ 
T cells; nonetheless the identification of a 
retrovirus with this disease is of consider- 
able interest. The human AIDS viruses are 
not antigenically related to MPMV. 


HTLV-1 in AIDS/ELAS 
patients 


HTLV-1, until recently known as ATLV in 


Japan*', is most closely associated with 
adult T-cell leukaemia-lymphoma22, a 
malignancy of OKT4* T cells. This clearly 
influenced Gallo’s search for a virus in 
AIDS patients as it seemed reasonable to 
surmise from a knowledge of animal retro- 
viruses that the same virus that initiated 
clonal malignant transformation in one 
situation, or a variant, might destroy the 
same target cell population in another situ- 
ation. Another hint came from the fact that 
Opportunistic infections, as characterize 
AIDS, frequently accompany the appear- 
ance of HTLV-1-induced malignancy. 
Last year, Gallo’s laboratory reported 
the isolation of HTLV-1 and proviral DNA 
from homosexual AIDS and ELAS 
patients*>.*4, and the same virus has been 
identified i in Haitian infants with AIDS, 
Using serological tests which do not cross- 
react with HTLV-3/LAV we have also 
found that about 5 per cent of ELAS 
patients in London have antibodies specific 
to HTLV-I (ref. 26), a far higher incidence 
than in healthy homosexuals and random 
blood donors. The significance of HTLV-I 
infection in subjects at risk of AIDS is not 
clear, but from its low prevalence it seems 
more likely to be a blood-borne infection 
reflecting the life style of the patients than 
an alternative aetiological agent of AIDS. 


Prospects for controlling AIDS 
If HTLV-3/LAV really is the cause of 
AIDS, and I find the evidence convincing, 
then several important developments 
should occur quickly. First, we need to 


leukaemia. The focus of pathogenesis has | < 


curiously changed in recent months with an 
eruption of vintage viruses carrying new 
-appellations such as FAIDS (feline AIDS) 
and SAIDS (simian AIDS). 

The prototype D-type retrovirus, the 
Mason-Pfizer monkey virus (MPMV), was 


a first isolated from a rhesus monkey in 1970 


(ref. 17). Much effort was expended in 
attempts to demonstrate oncogenic 


properties of MPMV but as Fine and 


hochetman’s excellent 1978 review!® 
relates, the only pathogenic effect of 
MPMY was runting and immunodefi- 
£ Recently, outbreaks of simian 
S'i in the New England and California 


have been: closely. 


100 years ago 
In a crowded house on Tuesday last the 
Convocation of the University of Oxford passed 
the much-debated statute allowing women to 
enter for ‘‘certain of the honour examinations 
of the University.” The statute has been 
opposed on very different grounds. The old 
Conservative Oxford School (fast becoming 
extinct among the resident teachers) of course 
objected to any change in favour of the higher 
education of women; with them went a portion 
for the High Church party, who look with 
disfavour on any proposal tending to bring 
women into intellectual competition with men. 
Others, again, opposed the statute on the 


ground that it was unfair tòmen, who have to 
, rtain terms and: pass certain examin- i 


preliminary report * thata substantial pr 
portion of clinically normal homose) ié 
have HTLV-3 antibodies is worrying, if 

a forewarning of future illness; it is de 
however, that cofactors play an essential 
part in precipitating AIDS. Second, z 
reliable ELISA screening tests for blood- : 
banks are urgently needed, and might have 


to be used as routinely as tests for hepatitis 7 
B virus. Third, there is the prospect of 
developing prophylactic immunization — 


and perhaps intervention for infected 
individuals too. As Groopman pointed. out 
in these columns last week?” , the economic 
and logistical impact of the identification 
of the cause of AIDS is formidable, and the 
seropositive individuals will face seve 

psychological and behavioural problems. 

I am most grateful to R. C. Gallo an 
L. Montagnier for permission to- utiliz 
information in papers in press for th 
article. 
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ations within a specified time if they wish. | 
enter for an honour school, whereas the statute 
allows women to enter for honours without the 
same preliminary examinations, and withou! 
restrictions as to time and residence. Ot 


| again feared an influx of young ladies. into 


Oxford, as likely to destroy the manliness of 
undergraduates and spoil the natural mode 
the lady students. To these argument 
success which the present halls for 
Oxford have met with is the best a 
presence has not revolutionised th 

they have not been a stumbli 
discipline nor a rock of offence to 

The women’s examinations were 
subjects, and the papers were se 

men, as in the men’s honour 

before this statute passed. Now the 

will serve for both, trouble will be 

women who obtain honours wil i 
universally recognised th ou shoi 





i Ocean ecology 


Fixation of CO>1 





in dark 


o from Paul Tett 


IF the ocean began as a rich organic soup, it 
has since become so poor that many 
organisms have difficulty in getting enough 
energy and organic matter for growth and 
reproduction. The evolution of photoauto- 
trophy must have been a breakthrough, 
allowing the light-driven uptake of simple 
inorganic compounds of carbon, nitrogen 
and phosphorus to supply the entire food 
needs of many planktonic plants. The 
_ illuminated superficial waters of the sea 
` (the ‘euphotic zone’) are thus commonly 
seen as the main region of primary pro- 
duction, particularly by phytoplankton, 
< whereas the deeper waters are seen as a 
‘zone of consumption in which hetero- 
‘trophic ‘animals and bacteria meet their 
nergy demands by the oxidation of 
organic carbon supplied from the euphotic 
-zone. On page 54 of this issue of Nature, 
‘Karl and his colleagues present evidence to 
suggest that bacteria in the midwater 
between the two zones can intercept the 
organic particles falling from the euphotic 
zone and, despite the absence of light, use 
the energy trapped in them to convert 
additional carbon dioxide into organic 
carbon (chemolithotrophy)'. 

As the earliest living organisms, pro- 
karyotes probably exploited both 
“inorganic and organic sources of energy 
and carbon until the development of the 
eukaryotes with their greatly improved 
-efficiency of photosynthesis at high oxygen 
concentrations. That probably caused 
many of the remaining bacterial 
prokaryotes to specialize in heterotrophy 
~=- hence the traditional view of modern 
oceanic prokaryotes as degraders, con- 
ming organic material originally pro- 
ced by eukaryotic phytoplankton. 
ent investigations of the smallest 
oplankton have, however, shown the 
mportance of the prokaryotic cyano- 
i acteria (once called ‘blue-green algae’) in 
oceanic primary production’. And 
incorporation of carbon dioxide by 
thermophilic bacteria, using energy 
obtained ey oxidizing sige enriched 
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organisms to fix additional carbon dioxide! . 
The chemolithotrophic microorganisms 


involved are probably denitrifying bacteria 
using the ammonium produced by the 


action of heterotrophs on the organic 


material sinking down from the euphotic 
zone. By oxidizing this NHj to NO7, the 
bacteria can obtain sufficient energy to 
take up carbon and reduce it to organic 
compounds. This chemolithotrophic use 
of nitrification to provide energy for 
carbon incorporation is less efficient than 
photosynthesis which, under optimal 
conditions, yields 0.08 moles of organic 
carbon for each einstein of light. Karl et al. 
cite yields of 0.03-0.06 moles of carbon 
fixed for each mole of ammonium-nitro- 


| gen oxidized, and estimate that potential | 


chemolithotrophic production by 
microbes in their study region requires a 
maximum ammonium flux of about 0.8 
mmol per m? per day. This flux, if 
completely supplied from photoauto- 
trophically produced material with a 
carbon to nitrogen ratio of 7:1, requires an 
annual photosynthetic production of 
about 30 g carbon per m?, close to lower 
estimates of tropical oceanic primary 
production. The greatest estimated 
chemolithotrophic production, about 0.4 


mg carbon per m? per day, is equivalent to 


an annual average of 146 mg carbon per 


m?, clearly only a small proportion of | 


Igneous petrology 


Turbulence in petrology — 
the behaviour of komatiites 


from E.G. Nisbet 


CONSIDER the business of stamp- 
collecting: an elegant and harmless 
occupation of considerable economic 
benefit to countless post-offices, a source 
of endless diversion and speculation to the 
philatelist. Consider now the effect on that 
peaceful hobby of the discovery, 


somewhere to the east of Laputa, of a- 


whole new continent filled with hitherto 
unknown national post-offices. Imagine 
the excitement and confusion of innumer- 


| able collectors scurrying in for examples. 


Eventually order is restored, what purports 


to be a comprehensive philatelic history is 


written and the hobby settles down to its 
normal delightful ways — until someone 


points out that some of the new stamps, 
though not exactly forgeries, are. subtle. 





phytoplankton pri 
suggestion by Karl ef al. that “the flux of 





energy out of the euphotic zone may 
greatly exceed that nominally contained i f 
particulate organic detritus” thus o1 
emphasizes the importance of midwater/ 
chemolithotrophy, but these microbial\ 
processes may well influence the organ- 
ization of midwater food webs. a 

Chemosynthesis has, of course, been 3 





known for many years and may, in unusual $ | 
regions, such as the Black Sea, rival 
photosynthetic production®.. ‘Oceanic 


chemolithotrophs have ample supplies of. 

their carbon source; their problem is to find 
at near-normal oxygen concentrations a 
sufficient concentration of energy source. 
In the Black Sea, chemosynthesis makes 


use of the high concentration of reduced Oe 


material accumulated in the deoxygenated 
waters. The thermophilic bacteria of the 


deep-sea volcanic vents probably exploit Be 
reduced 
compounds**, Perhaps the major novel | ee 


local enrichments of 


contribution of Karl and co-workers is to 


document precisely a mechanism whereby — ie 
chemolithotrophs can, through oxidizing = 


ammonium associated with sinking. 
particles, obtain sufficient energy fo 
growth in the oligotrophic ocean. | 
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to be rewritten? Confusion returns. 
Igneous petrology may not quite be. 
stamp-collecting but it, too, has its excite 


ments, as when komatiites were discovered __ 


fifteen years ago. This sent many field 


workers scurrying to collect samples from 


which much has been learnt about the — 
chemical properties of komatiites. Now > 
Huppert ef al., on page 19 of this issue of a 
Nature, cast doubt on some (but not all)of 






the current notions about the chemistry of 


komatiites from an examination of th 
physical properties of komatiite liquid: ; 
More reassuringly, they also provide some | 
explanation of how komatiite lava flows 
can produce extraordinary large plate-lik: 
(‘spinifex’) crystals 4 of olivine, ther 

































ass of extrusive igneous rock, 

MgO and generally of Archaean age 

“than 2.5x10° yr). Apart from 

y iding some of the best clues to the 
fi tion, temperature and workings of 
antle of the early Earth, they are also 
nsiderable economic value for their 

rge nickel sulphide deposits. Komatiite 
as must have been very hot 
(1,350-1,650°C) and have had very low 


_ viscosity (0.05—1 Pas). Moreover, moving | 


~ bodies of komatiitic lava (such as magmas 


in conduits or flows) must have had high | 


Reynolds numbers and thus generally have 


been turbulent and capable of eroding | 
yall From their | 
„detailed study, Huppert ef al. show that 


walls or floors to conduits’. 


komatiite lavas were typically turbulent, 


were accompanied by vigorous forced | 
convection and that even for the narrowest | 
fissures (0.3 m) their Reynolds number was 

srobably far above the critical value for the - 


onset of turbulence. Flow rates must have 
been very high: a 3-m-wide fissure would 
“have had rates considerably greater than 
: the largest eruptions in historic time. 
In turbulent flow, mixing maintains a 
uniform temperature, heat transfer is 
much greater than in a laminar flow and, 
mus, the ground below the flow will heat 
ip rapidly. Huppert ef al. show that 
“erosion by melting of this underlying 
. ground would be rapid and significant. 
Assimilation of the melted ground would 
introduce up to 10 per cent contamination 
-into the lava. Contamination would be of 
minor geochemical importance if the lava 
flowed over a ground made up of fresh sub- 
. aerial komatiite flows; but if it flowed over 
hydrothermally altered flows, or over 


other rock types, or if it had arrived 


through a conduit lined with older rocks, 
the contamination could be of major 


significance. Fortunately for those making — 


thermal models of the Archaean Earth, the 
MgO content of the lava (from which temi- 
erature estimates are principally derived) 


s not likely to have been changed much by | 


‘contamination but the trace-element 
content could have been very substantially 
altered. Thus, radiogenic isotopes could be 

_ assimilated from an older country rock, 
leading to artefacts in dating. That may be 

_ the explanation for some anomalously old 

~ Sm-Nd dating of komatiites’. How 


~ reliable, then, is information from the 


incompatible trace elements, such as Ti, 
-which has been used to construct 
geochemical models‘ of the source mantle? 
Huppert et al. point out that con- 
tamination is likely to vary greatly from 
place to place within a flow so that any set 
of flows which displays non-systematic 
ariation of trace elements with indices of 
Hivine fractionation is likely to be 
ontaminated. Contrarily, the very 
systematic variations from Belingwe 
samples* may represent a pristine record 
at least fors some re elements). 


also speculate about a 
sits. Green and |- 


: NEWS AND VIEWS : 
and Western Australian deposits might 
have assimilated sulphur from nearby 
sulphide-rich banded ironstones®. 
Huppert ef a/. consider that lava may have 
digested such sediments by thermal 
erosion. Sulphur isotope studies may help 
determine the value of their hypothesis — 
which could be useful in selecting 
exploration targets. Finally, Huppert et al. 


consider spinifex textures — the long plates 
of olivine that hang down in sheaves from 
-` the top surfaces of some komatiite flows. 


Experimental cooling rates necessary to 
reproduce these textures are much higher 


than rates allowed by conductive cooling 
models but convective cooling in turbulent | 


flows would explain the textures nicely and 


Huppert et al. have produced good 


analogues of spinifex textures in Na,CO, 
solutions. 
What then for us stamp collectors? 


Cell biology 


Clearly we must re-examine our da 

age and chemistry of komatiites ar 

again about the minor-element mak 

the mantle. Perhaps the recognition 
contamination took place will 
resolving controversies about the 
variation in chemistry of mantle sour 
regions. More likely it will add to our un 
certainty and send komatiitophiles scurry 
ing back cheerfully to their field areas al 


: to isotope laboratories. 
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E.G. Nisbet is atthe Departmen f Geol 
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A budding interest in the ye: 


cytoskeleton 
from Jeremy Hyams 


COMPARED with the avalanche of papers 
devoted to the genetics and molecular 
biology of the budding yeast, 
Saccharomyces cerevisiae, which has 
sometimes threatened to bury the pages of 


this and some other journals over the past 


few years, yeast cell biology has had a fairly | 
thin time of it. The trouble is that yeast cells 


are just not designed for the job — they are | 


small, their cytoplasm is dense and, to 
make matters worse, they are surrounded 


Schematic representation of the changes in 
actin and tubulin distribution in budding yeast 
during the cell cycle (a-g). Microtubules 
appear as straight lines growing from the 
sae e Pole body which is embedded in the 
nvelope. Actin is shown 

r as fine fibres. From. 


by a tough cell wall. Hence the cu 
situation that, whilst yeast actin has 
purified and its gene cloned 
sequenced', absolutely nothing ha: 
known about its distribution or 
during the budding cycle. Tubuli 
what better characterized, part 
terms of the number and.arr 
spindle microtubules during ce 

but the role, and even the e 
cytoplasmic microtubules. has been 
from certain. A recent pair of pa 


_ Journal of Cell Biology’ therefore mar 


a major step forwards in yeast eytolc 
What made this work possible was 
isolation of monoclonal antibodies to ye 
tubulin’. Anti-tubulin antibodies h 
been valuable tools for cell biologists fo 
several years but conventional anti-tul 
antibodies raised against mammalia 
teins do not cross-react with the m 
tubules of more primitive eukaryot 
the other hand, the monoclonal antiboc 


to yeast tubulin appear to be Ay n ersall 


during the yeast cell cycle inst 


but have also gone a long we 


some of the old puzzles abou 
these proteins during budd 
Applied to the parent 
yeast anti-tubulin monoc 
intense staining both of the 
and of extensive bundles of 
microtubules (see the figure) 
have not yet formed a bud 


microtubules extend f 



















. this region of the cytoplasm to be occupied 


© Simultaneous staining with Calcofluor 

reveals that the actin dots directly underly 
the ring of chitin which is laid down in the 
otherwise chitin-free cell wall and which 
defines the budding site. 

As the bud emerges and enlarges the 
actin dots are displaced towards the bud tip 
at the same time as fine fibres of actin 
extend through both the bud and the 
mother cell. During this reorganization the 
spindle forms and elongates. Significantly, 
in view of the current speculation regarding 
the role of actin in chromosome move- 
ment, no actin is detected within the 
nucleus at any stage of the budding cycle of 
yeast. When the bud has reached its maxi- 
mum dimensions the actin dots disperse 
through the cytoplasm but then concen- 
trate in the neck region at the time of 
cytokinesis. 

The changes in the distribution of actin 
are consistent with the suggestion that actin 
has a role in the localized desposition of 
_ cell-wall materials, first in the chitin ring 
< and later at the tip of the bud. A similar 
pattern of staining in another fungus, 























Cosmology 





from M.S. Longair 


NEARLY twenty years after the discovery of 
the microwave background radiation by 





‘cal cosmologists are convinced that the hot 
‘big-bang model provides the most promis- 
ing framework within which to study the 
more profound problems of cosmology. It 
has long been recognized that directional 
fluctuations (A/) in the intensity (7) of the 
‘microwave background radiation should 
be a powerful way of investigating a wide 
ange of properties of the hot big-bang 
model. The detection of such fluctuations 
has, however, proved to be extremely diffi- 
“seult- and it is only with the paper of 
-= Birkinshaw, Gull and Hardeback on page 
34 of this issue that it is possible to say with 
‘confidence that at least one type of small- 
scale fluctuation has been observed. 
The only anisotropic signal unambig- 
uously detected so far at a level of about 
~10-3 is associated with the motion of 
rth relative to the frame of reference 
T ie background is isotropic. 
ere: are — upper limits to the 


























: that the dots of a actin were , microvesicles . 
. | coated with filaments having the same | 
by a ring of brightly staining actin dots. — 


“which bind specifically t to. F-actin, “shows i 





Fluctuations in microwave 
background radiation 


Penzias and Wilson, all but the most scepti- | 


direction 


dimensions as F-actin (‘filasomes’)*®. In S. 


direct similar vesicles, containing cell-wall 
precursors, to their sites of deposition? or 
may simply serve to orient correctly the 
spindle for its later extension into the bud. 

The introduction of effective immuno- 
fluorescence procedures to S. cerevisiae 
adds the yeasts to the list of organisms in 
which fundamental cell-biological prob- 
lems can now be studied. Remembering the 
sophisticated genetics that has already been 
developed for yeasts, the potential of these 
simple organisms seems to be limitless. © 
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in the radio waveband. 

Birkinshaw et al. have searched for the 
small dips or decrements in the microwave 
background radiation first predicted by 
Sunyaev and Zel’dovich in 1968 on the 
grounds that the spectrum of the micro- 
wave background could be distorted by 
quantities of hot gas along the line of sight. 
If the gas were very much hotter than the | 
black-body radiation, the hot electrons 
would heat the radiation by Compton scat- 
tering and, in a simple approximation, the 
whole microwave background spectrum 
would be shifted to a slightly higher | 
frequency while the total number of 
photons will be unchanged. Thus, if the 
microwave background radiation traverses 
a region of hot gas on its way to the 
observer, there will be a decrease in the 
intensity in the long-wavelength (Rayleigh- 
Jeans) region of the Planck spectrum and 
an increase in the high-frequency (Wien) 
region. 

Since X-ray observations with the 
Uhuru, Ariel V and Einstein satellite | 
observatories have shown that there are vast 
quantities of hot gas at temperatures of 
10’~10* K in the direction of rich clusters of © 
galaxies, Birkinshaw ef afl. turned the 40-m 
telescope of the Owens Valley Radio 
Observatory, California, in those 
| sin their search for intensity 























































ma. ginal detections and several false star S, 


|. have been observed in the direction of th 
_ cerevisiae, cytoplasmic microtubles may | 
intensities of these fluctuations range fro 















| scattering, to radiation anisotropies t 
should -ap uct 


















fluctuations at a high level of significance 







rich clusters of galaxies. The relat 
about 5x 10-4 in the case of cluster. 
0016 + 16to about 2 x 10° in the case of the _ 
Abell clusters 665 and 2218. It. is 
particularly impressive that these valuesare 
all claimed at or above the 70 confidence 
level — a striking measure of the sensitivity 
of the observations. 
Astrophysically, this result is important 

because the fluctuations provide informa- ` 
tion about the hot gas which has modulated ` 







| the microwave background in some par- 


ticular direction in the sky. Indeed, the 
magnitude of the decrement is determined 
solely by the optical depth for Compton 
scattering by the hot gas, which is pro- 


portional to the electron density N., the 


electron temperature 7, and the dimension 
of the cloud in the line-of-sight. Com- 
plementary information about the hot 
gas can be found from X-ray observations 
of the clusters. The temperature can be 
obtained from the shape of the spectrum 
which for energetic X rays is roughly 
proportional to exp(-Av/kT.) while 
total intensity of X-ray emission 
proportional to N4, to T> and to thi 
volume of the cloud. 

Thus, if adequate spatial resolution is. 
available at radio and X-ray wavelengths 
and the distribution of gas in the cluster i iso 
reasonably well behaved, the physical con- 
ditions are overdetermined so that the 
physical size of the gas cloud in a cluster can 
also be found. That, in turn, opens up the 
exciting prospect of a new route to the 
determination of Hubble’s constant since 
we now know the physical size of a 
‘measuring rod’ at a known redshift. 

But this achievement is only the begin- 
ning of what Birkinshaw and his colleagues. 
foresee as a new epoch in observationa 
cosmology. The Sunyaev-Zel’dovic#iw | 
effect was probably the easiest of | = 
challenges; if sensitivity can be improved =. < 
by an order of magnitude, a whole new 
range of phenomena will come within our 
observational grasp. ee 

Among the most important goals is the Ae 
discovery of fluctuations predicted to be 
associated with the initial collapse of proto- 
galaxies and protoclusters. According to =: 
all acceptable theories of the origin of ~~ 
structure in the Universe, the growth of the 
fluctuations of ordinary matter from >>- 
which galaxies and clusters have formed 0 
became possible only after matter and - 
radiation were decoupled at a redshift of | 
about 1,500, corresponding to an epoch of 
10°-10" years after the big bang. T 
requirement that galaxies and cluste: 
should now exist results in lower limits to 
the material density fluctuations at thi 
early epoch and thus, because of Compto 


















































luctuations would provide strong support 
or the hypothesis that structures formed 
by collapse which began when matter and 
adiation decoupled. This is a rather 
ral argument which remains valid even 
‘recent scenarios of galaxy formation 
volving massive neutrinos and other 
weakly interacting particles that may 
-= contain most of the mass of the Universe. 
_... Other sources are expected to produce 
-~ — fluctuations at about the same level. Thus 
| the reheating of gas at a late epoch should 
induce fluctuations, while the passage of 
_ © radiation through large collapsing struc- — 
tures can cause fluctuations by the gravi- 
< tational redshifting produced in the 
== process. Even the hot gas in rich clusters, 
“now detected by Birkinshaw ef al., must 
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Seyfert galaxies 


from C. Martin Gaskell 


ners has recently published the third instal- 
ment of results of their ongoing pro- 
gramme monitoring the nearby Seyfert 1 
galaxy NGC4151 with the International 
Ultraviolet Explorer satellite (IUE)’. 
Results have already been published from 
similar programmes monitoring other 
Seyferts (the lowest-luminosity quasars) 
‘but NGC4151, the first Seyfert to be dis- 
covered’?, has always received more 
ground- and space-based attention than 
any other. Considerable publicity before 
publication by the Royal Greenwich 
‘Observatory alleged that the ‘mass of the 
black hole’ in NGC4151 had been 
measured. Although this claim captured 
the imagination of the British press, the 
uth is that neither the IUE consortium 
nor anybody else has proved that there isa 


_ quasar-like object. The mass estimated for 
the central object is in fact not new. An 
~~ almost identical value was derived 25 years 
-> ago} and the basic method employed has 
already been used innumerable times over 
- the last couple of decades. It is widely 
~~ recognized that the method could be giving 
a wrong answer however. The IUE consor- 
= tium claims to have made ‘remarkable pro- 
~~. gress’ in understanding the nuclear energy 
< source of NGC4151, but, interesting as 
-i their observations are, unfortunately they 
‘neither prove nor disprove the current stan- 
dard theory that quasars and similar ob- 
ts are empowered by accretion of matter 
a disc onto a massive black hole. Much 
f the interpretation of changes in the 
Itraviolet spectrum is probably wrong. 
How do you estimate the mass of a 
‘quasar 3? The most direct way is to 
New aw of gravity. Sinc 
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/1~10~4 10-5, Observations of such - 


bA LARGE consortium of European astrono- | 


“black hole in NGC4151 or any other | 



















yield fluctuations on a fine scale, and these 
may well limit the detectability of genuine 
primordial fluctuations. 

Such an approach is, névertheless, ce 
of the few that can provide observationa 
information about the epochs between 
about 107 and 2x 10° years. Already, the | 
Cambridge radioastronomers have 
developed proposals for achieving the 
extra factor of 10 in sensitivity needed to 
tackle these more ambitious programmes. 
Itis hard to disagree with their view that the 
next decade will be a period when these 


exciting and fundamental observations 


become an integral part of astrophysical 
cosmology. | E 
M.S. Longair is Astronomer Royal for Scotland 


_ and Regius Professor of Astronomy at the Uni- 


versity of Edinburgh. 


lack holes, accretion discs and 


around an orbit one has to use the in- 
tegrated properties of the ensemble of 
cloudiets in the broad-line region and make 
certain assumptions. The most usual 


assumption is that the cloudlets are in 


bound orbits with an isotropic velocity 
distribution. To deduce the central mass 
one needs to know the average velocity and 
the average distance. The velocities of 


broad-line clouds have been well known — 


since the pioneering work of Seyfert* in 


1943. The Doppler widths of the broad 


lines imply velocities of several per cent of 
the speed of light. The sizes of broad-line 
regions were first calculated from 
photoionization considerations?’ but the 
subsequent discovery, in 1967, of variabili- 
ty of emission lines in Seyferts®” permitted 


an independent estimate of the size of the 


broad-line regions from light-travel-time 
considerations®. The two methods are in 


‘satisfactory agreement. It is the latter | 


method that Ulrich et a/.! have used. Wolt- 


jer? estimated the central mass of | 
NGC4151 to be 3 x 10’ solar masses as long 


ago as 1959 and this sort of mass has been 
almost universally accepted by workers 
in the field ever since. Clearly the IUE 
observers have not made a new contribu- 
tion here. 

Are we confident that we know the mass 
of the central object fairly well? The 
answer is no. The problem with the stan- 
dard newtonian calculation described 
above is that the assumption of bound or- 
bits (or at least of cloud motions dominated 
by gravity) is not valid. There is abundant 
evidence for the outflow of gas from 
quasars and Seyferts in general (this has 
already been reviewed in a recent News and 

Views?) and in NGC4151 in particular’®. If 
the cloud motions are dominated by radia- 


* 


tion pressure (causing the outflow), rather | 


than by gravity, the 
motion is clearly inva 


active galacti 
mass of the 


considered th 
angular momentum at 
into a flattened con : 
‘accretion disc’). Such discs are known to. 
_ exist around many collapsed stellar objects 
(the dwarf novae, cataclysmic variab 
and so on) in our own Galaxy. Th 
standard model of quasars is currently a 
accretion disc surrounding a massive blac 
Although such discs are recei’ 
considerable theoretical attention, the 
observational hint that they exist aro 
quasars is a slight curvature in the spectr: 
energy distribution in the op 

ultraviolet region. Shields’? has propo 
that this could be due to thermal emiss 
from an accretion disc superimposed ona 
underlying power-law non-th erm. 
continuum. But this is by no means 
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interpretation of the continuum ener 


distribution in quasar spectra 
interpretation is complicated by 
presence of many weak blended] 
and uncertainties in the am 
reddening by dust in the. quasar 
excess emission around 3,000 
called ‘3,000 A bump’) is almost ce 
Balmer continuum and blended Fe 
emission'*:!5, The remaining curvatt 
the ultraviolet-optical spectra of qua 
can be understood in terms of standa 
-synchrotron-self-Compton theo 
invoking any additional 
component at all'®. If there 
excess it does not have to bi 
accretion disc — it could be from 
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- (that-is, 


“nearer to the relevant ionization 


; acid sequences: ‘have certain’ moti 







"Observations of time ae of the 
continuum spectral shape of Seyferts and 
quasars are going to be important in 
understanding the origin of the continuum 
and the observations by Ulrich et a/.' and 
others!?° have shown interesting changes 
in the ultraviolet continuum of NGC4I151 
and other Seyferts. IUE observations 
alone, however, just do not provide 
enough wavelength coverage and the 
changes reported are not, I believe, true 
changes in the continuum shape but rather 
changes in the relative intensity of the Fe i 
emission at 3,000 A (that is, the 3,000 

bump). This is probably the cause of the 
otherwise puzzling result of Ulrich et al! 
that the C iw 1,549 A emission-line 
variability is better correlated with the 
continuum emission at 2,500 A than with 
the continuum further into the ultraviolet 




























































Protein structure 


from K.E. van Holde 


HAEMOGLOBIN is not the only way to 

transport oxygen in a circulatory system. 
Some invertebrate phyla use altogether 
different proteins to serve this function. 
These include the haemerythrins, utilized 
“by sipunculids, brachiopods and a few 
other invertebrates, and the haemo- 
cyanins, found in a wide variety of 
- molluscs and arthropods. The structures of 
many haemoglobins, and even one 
haemerythrin', have been determined to 
h resolution by diffraction techniques, 
until the paper of Gaykema ef al? on 
3, such. information has been wholly 
ing for the haemocyanins. This hiatus 
as seemed almost paradoxical, for the 
haemocyanins were the first proteins to be 
studied in detail by biophysical techniques, 
notably in some of the earliest 
ultracentrifuge studies of Svedberg and his 
collaborators? . 
< The problem of how to bind oxygen ina 
way that is reversible receives a radically 
different solution in haemocyanins than it 
- does in haemoglobins and haemerythrins. 
Rather than using iron as an oxygen ligand, 
haemocyanins employ pairs of antiferro- 
magnetically coupled copper ions**. Such 
copper pairs are found in a number of other 
proteins, but for none of these is the 
etailed structure known. Thus the deter- 
ation, to a resolution of 3.2 A, of the 
ure of the haemocyanin of the spiny 
Panulirus interruptus, is of major 











aernocyanins, exists as a hexamer 
nds of puke similar ater each 


edges), and other inconsistencies which | i 
they note. To measure the true continuum | 


one needs to cover many octaves in 


(and other Seyferts) will be scheduled with 
simultaneous longer-wavelength optical 
and infrared observations (and for that 
matter X-ray observations as well). 
Although our picture of NGC4151 and 


other active galactic nuclei is still very fuzzy | 


and little has actually been proved, it must 


be said that everything is still consistent | 


with such objects having at least one 
massive black hole in their centres (and 


some may have two?! ), Similarly there is no | 
evidence so far that quasars do not have | 


accretion discs powering them, but it 
would be nice to have proof that they do. C 


C. Martin Gaskell is on the faculty of the | 


Astronomy Department, University of Texas, 
Austin, Texas 78712. 





Oxygen carriers of a third kind 


making it one of the largest proteins to be 
analysed by X-ray diffraction. The 
subunits are found to be arrayed with 32 
symmetry; two trimers, related by 2-fold 
axes, are stacked face to face. Each subunit 
consists of three domains of approximately 


equal size. The second of these domains | 


carries the copper pair. Each copper ion is 
bound by three residues, two of which are 
definitely histidines. The third ligand is 
probably also a histidine, but confirmation 
will require further sequencing. 


The structure determined by Gaykema et 


al. seems to be that of deoxyhaemocyanin 
but studies of a subunit of Limulus 
oxyhaemocyanin are under way in the lab- 
oratory of W. Love, at Johns Hopkins 
University®. It will be of considerable 
interest to see how the oxy- and deoxy- 


structures compare, for haemocyanins are 


allosteric proteins, exhibiting both 
cooperativity in oxygen binding and 
heterotropic allostery, including a pro- 
nounced Bohr effect. So far, our only 
model for these functions has been haemo- 
globin (haemerythrin appears to be non- 


cooperative’); it is conceivable that similar | 
effects will be found to be produced by | 


quite dissimilar mechanisms in a protein as 


different as haemocyanin. This would rep- | 


resent an interesting example of convergent 
evolution of protein function. 


The structure found for the hae- | 
mocyanin seems wholly unrelated to that 


of haemerythrin or any haemoglobin, so 
haemocynanin must have a different 
ancestry. Is it shared with tyrosinases, 


ceruloplasmin and laccase, all proteins | 


with a similar binuclear copper centre? 


e proteins are unknown, theiramino 


‘copper binding. In all three proteins ther 
| exist pairs of histidines separated by thre 
frequency and it is to be strongly hoped . | 
that future IUE observations of NGC4I51 | 





hypothetical ancestry may be difficult, 


common, suggesting similar modes ` 










amino acids, resembling those 
identified among the copper ligands. of 
haemocyanin. Confirmation of the 





however, for the haemocyanins have -= 
presumably been evolving independently 
for something on the order of 500 million = 
years. Indeed, a comparison of the 
complete sequence of a spider haemo- 
cyanin with Neurospora tyrosinase gave no 


| evidence of homology*®. 


Gaykema ef al. point out a peculiar 
aspect of the Panulirus haemocyanin struc- 
ture. Its carboxy-terminal domain contains 
a seven-stranded antiparallel #-barrel, 
remarkably similar in topology to the 
B-barrels in (Cu-—Zn) superoxide dismutase 
and immunoglobulins’. Since the amino 
acid sequences are entirely different, they 
argue that this may simply be a very stable 
structure which has evolved independently 
in different proteins. ia 

A final puzzle, which may be clarified by = ~ 
further structural studies, is the relation- 
ship between arthropod and molluscai 
haemocyanins. The oxygen-binding site 
both types seems quite similar but thei 
gross molecular architecture is entirely 
different. All known arthropod haemo- 
cyanins are built of 75,000-MW chains, 
arranged in hexamers, as in Panulirus. 
These hexamers are’ often combined to | 
form even larger structures. On the other — 
hand, the polypeptide chains of molluscan 
haemocyanins are much larger; units of 
MW about 400,000, containing eight 
globular domains and eight oxygen- 
binding sites, are commonly observed*’. 
Gaykema et al. suggest that a molluscan | 
domain of ~ 50,000 MW may correspond = 
to two of the three 25,000-MW domains 
observed in the Panulirus structure, one. 
carrying a binuclear copper site. Thus, iti 
conceivable that molluscan and arthropod> 
haemocyanins arose via separate. .. 
evolutionary events from some common. ~ 
copper-protein ancestor. A 

The new structural studies, combined Poe ci 
with a number of sequence determinations 
now underway, promise to broaden our = - 
perspectives concerning the mechanisms 
that organisms have evolved to transport 
oxygen. B 
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We propose that komatiite lavas were emplaced as turbulent flows, Bonan by vig re 
cooling rates often in excess of hundreds of °Ch™' . They melted and assimilated up to 10° 

they flowed, forming deep channels. Nickel sulphide mineralization may have resulted from 

sediment. After emplacement, high cooling rates persisted, resulting in spinifex textures s due to 


| KOMATITES are believed to represent ultramafic liquids which 
_ erupted at temperatures of 1,400-1,700 °C with estimated vis- 
 cosities in, „the range 0.1-1 Pas, and with MgO contents of 
18-35%)" 
(cate that thermal conditions of the early Earth were significantly 
qcrent from those of today and provide insights into the 
omposition of the Archaean mantle. They commonly exhibit 
spectacular spinifex textures and internal layering*, and some 
are also the host to important nickel sulphide mineralization’. 
Interpretation of their chemical compositions, petrological and 
| geological features and mineralization requires an understand- 
ing of their eruption, emplacement and cooling. As a contribu- 
tion to this understanding, we present both a fluid dynamical 
“analysis of the flow and cooling of komatiites and experimental 
studies which simulate the formation of spinifex texture in 
_ponded komatiite lavas. 
Recent basalts have eruption temperatures usually below 
1,250 °C and viscosities >50 Pas; almost all of them flow by 
aminar shear at low Reynolds number and cool by conduction. 
We propose that, because of their much lower viscosities, 
‘komatiites would have flowed turbulently at high Reynolds 
number, and would have cooled initially by forced convection. 
_ We suggest that, after emplacement, komatiite lavas still cooled 
pidly by thermal convection and demonstrate, by experimental 
udies on cooling of saturated aqueous solutions, that convec- 
“tive effects can strongly influence the development of the charac- 


_ teristic spinifex textures. 


4 Magma ascent 
i ¿Magma ascends to the surface because of its buoyancy®’. At 


A high Reynolds number, Re, the two-dimensional discharge rate, 


< Q, froma long fissure of width d can be estimated as 
ue A p 
Ox (= gae) d?/2 (1) 
| kpm 
n where g is gravity, Ap is the assumed constant density difference 


pble 1 The two-dimensional flow rate, Q, the vertical velocity, v, 
J and the Reynolds number, Re in a fissure of width d 


*. Such lavas are mostly of Archaean age. They indi- 


between the magma an the lithosphere eines its source 
Pm is the magma density, k is a friction coefficient which ca 
assume values between ~0.01 and 0.06 depending on the surface 
roughness of the fissure’, and the Reynolds number j is 


Re, = Q/v 


account for the aan variation in ‘the oee sh he 
pressibility of the melt and the tortuous nature of thi 
more elaborate treatment than that leading to. eq 
required. However, the accuracy of equation (1) is $s 


of Ap is ~300 kgm” ; abera at depths of 100 cigs Ni 
of Ap has been estimated : as 100 ek m` Ea a a 


and we have set Ap toa conservative valie of P E oes 
value of 0.03 has been used for the friction osm PEP: 


the eee historic eruptions of fans for T Q 
are less than 10 m? 57! and 600 respectively’. 


Lava emplacement 


A fundamental feature of a turbulent flow is that the 
transfer is much greater than in a laminar flow, where 
lost entirely by conduction. In turbulent flows, mixing 
a uniform temperature throughout the span of the 
greatly increases heat transfer to the surroundings. 
turbulent komatiite flows the ground surface would. 
heated up to temperatures of 1,600-1,700 °C. In. 
belts, komatiites often flow over rocks, such as th 
and sediment”'°, which have substantially lower m 
peratures. We suggest that komatiites could have 
assimilated this underlying rock. 

Our model, a geometric sketch of which is pre 
is related to that proposed by Hulme!!!?, who 
sinuous rilles on the Moon were caused by the 
lava channels by turbulent lunar flows. We co 
shallow slope beneath a deep body of water. B 
and water have initial temperature Ty, which- 


0°C. The heat transfer from the komatiite 
























~ Fig. 1 Longitudinal and cross-sectional sketches of the fissure 
and lava flow showing the melting of the ground and the formation 
. of an erosional channel with time. 


assimilated. Efficient cooling by the water above the flow forms 
a thin crust on top of the lava and prevents any mixing between 
e two. As the lava cools, crystals form within it, which 
decreases the rate of cooling. The komatiite is assumed to flow 
-in the form of a gravity current of high Reynolds number over 
a slope which is sufficiently small that its effects can be neglected. 
The thickness of the current, h, can then be determined’? by 


h = (3Q’p,/ g8p) (3) 


where dp represents the density difference (1,800 kg m°) 
between the komatiite and seawater. Table 2 presents the flow 
“thickness, velocity, u, and Reynolds number for different values 
-of Q. A gravity current with a Reynolds number greater than 
~ 500 is fully turbulent'*. The values in Table 2 indicate that 
this is the case for all komatiite flows. | 

At steady state the melting rate is given byt? 


aS A 
dt Pal Cel | Ty) + Lal 

where H is the heat transfer rate to the ground, p, is the density 
of the ground, c, is the specific heat of the ground, Fm is both 
the melting temperature of the ground and the solidification 
temperature of the komatiite and L, is the heat of fusion of the 
ground. The heat transfer is related to T, the lava temperature, 
and Tn through a heat transfer coefficient, hy, by’ 


H=h,(T,~T.) (5) 


, ipproximation to the heat transfer coefficient can be 
ed by modifying empirical relationships for turbulent pipe 
’. This leads to 
h= 0.0187 Pr?“ Re?" (6) 
yis the lava conductivity and Pr its Prandtl number. 
2 shows that transfer coefficients of between 500 and 
rot result for flow rates in the range 0.5- 



























hickness, h, its velocity, w, the Reynolds number, Re, the 
r, and the coefficient modified by crystallization, h}, as 
= afunction of O 
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are given in Table 3. 
_ These calculations assum 
modynamic equilibrium, a 






‘Table 3 l The coo ing rate at the source, T(0), the erosion rate at t 
source, $(0), and the length scale over which the temperature of the 
lava decreases, DF, as a function of Q : 









Qim?s'!) — T(0)(°Ch™!) — $(0) (m per day) 
1 1,300 (2,730) 3.33 (6.98) 
10 280 (590) —- 3.33 (6.98) 
100 61 (127) 3.33 (6.98) 


D (km 


2.9(14) | 
28.5 (13.6) | 
285 (136) “ky 









The second entry, in parentheses, is the value if latent heat effects < 
are set equal to zero, | = 


100 m? s”'. This variation in the heat transfer coefficient is fairly 
small and for simplicity we have taken h,=750 W m”? °C"! 
in the subsequent calculations. With the values of physical para- 
meters listed below inserted into equations (4) to (6), the melting 
rate of the ground near the source is calculated to be 8.1% 
107° ms”! (7 m per day), confirming that thermal erosion was 
a major effect during the emplacement of komatiites. (The 
physical parameters used were: k= k= 1 Wm! °C™'; q= 

7303 kg °C; p,=2,800kgm™*; p,=2,700kgm™*; L 
L,=5X10°Jkg'; To=0°C; Ty =1,200°C; T, (x=0 
1,600 °C; 6) = T; (x = 0)— Tn = 400 °C; and Pr=219,) 2 

A thin crust forms at the contact with seawater. At the top 

of the crust the temperature is Ty, while at the bottom it is Tam 
The crustal thickness, a, is determined from the fact that in a 

steady state the conductive heat transfer through the crust equal 
the heat transfer from the lava given by equation (5). Thu: 


a= kd Tan To)/ hrr Tm) 


where k. is the conductivity of the crust. Near the source. 
a~4mm and increases away from the source as the lava tem- 
perature decreases. | 
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Cooling of the lava 


Heat loss from the lava causes crystallization, which releases 
latent heat, L,. A quantitative heat budget calculation indicates 
that the lava temperature as a function of downstream distance 
x is given by 







Dé, 
Me ay Oe a. 
(Ef +t D) e Ebo 
where 9, is the difference between the temperature of the la 


at source and the melting temperature of the ground, D 
2hz/(p,c,Q), 


T= Tp (8). 


hi 


Dare e 
Opel cgl Tm To) + Lg] (9) 





and 
hy 

1-E,x'(T)/¢, Me 
with x'(T) = ~g33°C” | representing the rate of change of crystal = 
fraction with temperature’*. For Q=10m?s™, the lava tem- 
perature as a function of distance is plotted in Fig.2A. The. 
temperature decreases with a length scale given by D™', which- 
is evaluated for other flow rates in Table 3. If the lava increases ` 
the ground temperature to T, but does not melt it, its teme 
perature is given by T,= Ta + 6) e"*, also plotted in Fig. 2A. 

The cooling rates of the lava flow for Q = 10 m? s~" are plott 
in Fig. 2B; one curve incorporates latent heat release due 
crystallization while the other does not. With latent heat eff 
the. cooling rate is 280°C h™' near the source and dec 
steadily away from it. Initial cooling rates for other flow ri 


hī= (10) 


S(m per day) 
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oe 
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Fig. 2 A, The temperature of the lava, T, and the erosion rate 

of the ground, S. ——, With melting; ~~~, without melting. B, The 

cooling rate; C, the percentage of contamination; D, the crustal 

thickness, a; and E, the time scale for the crust to form; all as a 

function of distance from the source. In A-E the dot-dash (~> -) 

line incorporates the latent heat release due to crystal formation, 
while the solid line omits this effect (L = 0). 


- cause large undercoolings. Extrapolation of Donaldson's experi- 
mental data‘* to cooling rates of several hundreds of °C per 
hour suggests undercoolings of 50-70°C. The cooling rates in 
excess of 10° °C h`}, for small Q, might result in considerable 
delays in olivine nucleation, with the extreme case of zero 
crystallization. Table 3 shows the results of calculations neglect- 
Ning crystallization completely; cooling rates and melting rates 
increase as the undercooling increases. 

As the melting rate of the ground is proportional to T,~ Tm» 
it has the same functional form as 7; (Fig. 2A). Our calculations 
indicate that one hour after eruption, with the flow rate Q= 
10 m? s™t, the channel depth at source would be 14 cm, while 
15 km from the source it would be 8 cm. After a week the depth 
at source would be 23m and 15 km from source it would be 
13 m. If no crystallization occurred, the depths would be just 
over twice these values. If the lava flow were 250 m wide, the 
volume erupted after one hour and one week would be 9 x 10° 
and 1.5 10° m, respectively. These volumes are comparable 
to small- and medium- sized basalt eruptions. 

Assimilation of the melted ground contaminates the lava, as 
indicated in Fig.2C. The contamination rises steadily to an 

ymptotic value of 10.4%, independent of the flow rate, and 

ould significantly change the trace element and isotopic compo- 
tion of the lava, although it would have only minor effects on 
the major element composition, 

The crustal thickness, given by equation (7) and plotted in 
Fig. 2D, is of the order of a few centimetres, consistent with the 
geological evidence that komatiites often show an upper quench 


e of thi magnitude’. The time scale for this crust to 


d indicates that if at any t 


Fig. 3 Photographs of an experiment in which use NOU O, 
was cooled from above. a, Photograph with back-lighting after 
1 h 38 min. Note the growth of long crystals with nearly. vertic 
orientation, followed by a layer of eutectic with a sharp horizontal 
boundary. The scale on the left indicates the distance (in cm) from 
the cooled roof. b, The subsequent crystal block after ice was 
allowed to melt and run out of the upright (left) and. inverted 
(right) halves of the block. $ 
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the crust is broken up by the turbulent flow beneath it and fa 
into the flow, a new crust forms fairly rapidly. Thus a steady- stat 
crust caps the flow during almost all the emplacement phn i 


Post-emplacement processes 


Once the supply of magma has ceased, the komatiite ca 
expected to drain mto any available depressions, which would 
include the channel incised by thermal erosion. In many. lavas 
only part of the cooling will have been accomplished di 
active flow and the ponded lava will continue to cool an: 
crystallize. If the crust is thin, theoretical calculations. { hick 
will be presented in detail elsewhere) show that the pondi 
komatiite will continue to cool by thermal convection. By 
balancing the conductive heat flux across the crust. with. the 
convective flux in the interior, we obtain initial cooling rate: 
tens to hundreds of °C per hour. As the crust th 
being a few centimetres thick, the lava temperat 
and eventually turbulent convection will decrease 
this stage the heat budget is dominated by a bal 
the conductive flux across the crust and latent he 
envisage that granular olivines suspended in the l 
fall out to form the peridotitic cumulate layer, t 
lower parts of many komatiites’° 

In order to simulate the development of spini 
ee saturate see solutions byc coolin 








31 °C by circoleting alcohol at -30 °C oa the’ Sa cae | 


Initially, vigorous thermal convection occurred and small den- 
dritic crystals of hydrated Na,C Q, nucleated on the roof. At 
_ first the crystals showed a wide range of orientations with respect 
to the roof (Fig. 3a). As the experiment progressed, however, 
- the crystals increasingly became oriented perpendicular to the 
- roof (Fig. 3b). At the same time, a stagnant pool of less dense, 
residual fluid formed between the growing crystals due to com- 
positional convection’’. The tips of the crystals extended beyond 
this layer into the saturated, convecting fluid beneath. Experi- 
ments on other saturated solutions of Na SO, and KNO, mir- 
rored these features, confirming that the general behaviour is 
not dependent on composition. 
Geological interpretations 
Our analysis shows that komatiites can become significantly 
contaminated by assimilation of the underlying rock (Fig. 2C). 
We emphasize three points concerning the contamination pro- 
cess. First, floor rocks will be quickly melted and efficiently 
_ mixed into the turbulent flow. Xenoliths would not be expected 
_ to survive. Second, the chemical signature of contamination 
would not be extreme; only elements strongly concentrated in 
the contaminant and depleted in the komatiite would be notice- 
ably affected, and the evidence for this would be most apparent 
in measurements of the ratios of elements with different com- 
patibilities. Third, the amount of contamination is strongly 
_ dependent on flow conditions and distance downstream. As most 
eruptions probably fluctuate in intensity, the amount of contami- 
nation is likely to be very variable even within one flow. Non- 
systematic variations with indices of olivine fractionation would 
-be anticipated for those elements that are sensitive indicators 
-of contamination. _ 
- An application of the thermal erosion model relates to the 
-origin of nickel sulphide mineralization, which we suggest could 
-have been formed by komatiites melting underlying sulphur-rich 
„sediments. Contamination of 10% of a sediment containing 6% 
ulphur could increase the sulphur content of the lava by 0.6%. 
The sulphur forms an immiscible sulphide liquid which extracts 
nickel from the komatiite and segregates to the base of the 
flow®. The sulphide liquid could separate effectively even from 
‘the turbulently flowing lava because of its high density 
(~4,500 kg m7*), especially if it coagulated to form large drops 
“with high settling velocities. 
_ At Kambalda in Western Australia, the nickel sulphide ores 
are found at the base of komatiite flows where the lavas are 
hickest’. The long linear depressions which the ores occupy 
ave been interpreted as pre-existing features down which the 
avas were channelled. However, it would then be expected that 
ediment would accumuiate in the channels and be thickest in 
ese areas, whereas sediment rarely underlies the thickest 
matiite flows and nickel sulphide is present there instead”°. 
This antithetic relationship between the occurrence of sedi- 
ment and ore is consistent with the suggestion that the 
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‘depressions are thermal erosion channels where the lava ha 


digested the sediment and cut into underlying basalt. The model 
also avoids the problem of trying to explain why highly mag- 
nesian melts carry such high contents of sulphur?’. Thus, t 

model explains many of the features of mineralization, ouch’ 
the regional association of sediment and ore-bearing komatiites,f 
evident throughout the Western Australia nickel province. Tt) 
remains to be seen, however, whether the model is of more. 
general applicability. : 

Our work also relates to the origin of the characteristic os 
textures and layering of komatiite flows*’. Skeletal olivine mor- 
phologies and mineralogical peculiarities, such as crystallization — 
of clinopyroxene, appear to demand either high rates of cooling = 
or melts undercooled by hundreds of °C'”'*??, Cooling rates, © 
based on conductive models7*, are orders of magnitude less than 
the rates required by experimental studies of olivine growth?” $. 
Thus, it is difficult to see how the slow cooling rates characteristic 
of conductive models can cause these textures. Our analysis of 
the post- emplacement phase, combined with Donaldson’s 
experimental results'’, indicates that rapid cooling rates and 
large undercoolings can be achieved. Our experiments also 
indicate that compositional convection can significantly influence 
the morphology of crystals growing from the roof. Skeletal and 
dendritic crystal morphologies and metastable crystallization 
could be a consequence of both thermal and compositional 
convection. 

Our study suggests that during flow, high cooling rates cause 
either pre-existing phenocrysts to grow, or high nucleation rates. 
Granular equant olivines remain suspended during turbule 
flow and initially on emplacement, when thermal convection, 
might occur. As convective stirring diminishes in vigour, the 
olivines settle out to form a cumulate layer. Olivine crystals _ 
nucleate on the roof and at first grow as dendrites in many ` 
orientations. However, compositional convection causes a pool 
of differentiated melt to form between the crystals beneath the 
roof. As the pool develops, the tips of olivine crystals grow 
preferentially at the margins, as in the experiment, and the 
olivines increasingly grow perpendicular to the roof. 

We conclude that komatiites probably flowed turbulently and 
cooled in part by convection. One consequence of this behaviour 
is that komatiites can melt and assimilate underlying rock to 
form deep thermal erosion channels. Assimilation of sulphur- 
rich sediments may result in the formation of nickel ore deposits. 
After emplacement, komatiites can continue to cool by thermal 
convection. Nucleation of crystals on the roof results in the 
development of spinifex texture. All these processes have impor 
tant influences on the development of the characteristic geolo 
textures, geochemistry and mineralization of these rocks. | 
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. OANGE is transported in ‘nines organisms by three completely 
different classes of proteins: haemoglobins, haemerythrins and 
haemocyanins. Several three-dimensional structures, and 
numerous amino acid sequences are known for haemoglobins 
, and haemerythrins'~’. Haemocyanins have, so far, been much 
Liess well characterized at the atomic level. However, this picture 
Mltering rapidly as recently a wealth of haemocyanin sequence 
information has become available*'*. Here the folding of the 
polypeptide chain of a haemocyanin molecule is presented for 
the first time. 

Haemocyanins are large, non-haem, copper-containing pro- 
_ teins which occur freely dissolved in the haemolymph of many 
-invertebrate species. Two major classes exist: molluscan and 
-arthropodan haemocyanins, which have completely different 
Molecular architectures. Arthropodan haemocyanins consist of 
_ hexamers, or multi-hexamers, with subunits of molecular weight 
“(MW) ~75,000, while molluscan haemocyanins are cylindrical 
oligomers with subunits of molecular weight ~400,000 (refs 
20-25). 

The oxygen- binding centres of haemocyanins each contain a 
_ pair of copper ions and have been the subject of extensive 
=- spectroscopic analysis. It is generally believed that the oxygen- 
binding centres of arthropodan and molluscan haemocyanins 
re quite similar***’. Furthermore, the spectrum of the bi- 
uclear copper-containing oxytyrosinase is remarkably similar 
‘to that of oxyhaemocyanin**"”*. Other proteins are known also 
to contain binuclear copper sites, such as ascorbate oxidase, 

laccase and ceruloplasmin*’~**, so knowledge of the binuclear 
©- copper site in arthropodan haemocyanins may lead to a better 
understanding not only of these sites in molluscan haemocyanins 
but also of those in several enzymes. 

We have investigated the haemocyanin of the spiny lobster 
Panulirus interruptus; an arthropod. It is one of the smallest 
haemocyanins known, but still has a molecular weight of 
~450,000 (ref. 34). It is a hexamer, each subunit containing 
-one copper pair required for its oxygen transport function?**> 
=“ The oxygen- binding properties of P. interruptus haemo- 
“o cyanin?™?” exhibit a distinct cooperativity, as do those of all 
haemocyanins”. 

As is common among arthropodan haemocyanins™, P. inter- 
ptus haemocyanin displays subunit heterogeneity”. At least 
hree types of subunits occur, designated a, b and c (formerly 
alled ‘94K’, ‘90K’ and ‘80K’, see below). The crystals used for 
the X-ray studies were grown from native P. interruptus 
haemocyanin. When the crystals were dissolved it was found 
ha! they only contain a and b subunits, in roughly equal amounts 

: } } lished results). Although immunological 
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3.2 A structure of the copper-containing, 
oxygen-carrying protein 
Panulirus interruptus haemocyanin 


W. P. J. Gaykema, W. G. J. Hol, J. M. Vereijken, N. M. Soeter, 
H. J. Bak & J. J. Beintema — 


Biomolecular Study Centre (BIOS), University of Groningen, Nijenborgh 16, 9747 AG Groningen, The Netherlands 


Arma AAAA i mirna RA? Y Aer herman alas AA rma 


_ For the first time, the three-dimensional structure of a member of the copper-containing olasi of oxygen-carryins 
_ proteins—the haemocyanins—has been determined. The structure of Panulirus interruptus haemocyanin at 
resolution shows that each subunit of the 450,000-molecular weight hexamer is folded into three domains, an 

: binuclear copper site is situated in the centre of the second domain. Amino acid sequence comparisons suggest 16 
polypeptide fold of P. interruptus haemocyanin is common to all arthropod haemocyanins. es 


inaenea Aare mre Emi a d hra maai rr aOR ASAPH A A aA im, 






















































are very similar’? and no problems were aa din 
preting the electron density distribution. The polypeptid 
could be followed very easily in a 3.2 A electron densi 
of a molecule with a molecular weight of nearly. ha 
even though for half of the reflections no heavy at 
information was available. = 


Amino acid sequence 


The amino acid sequence determination was carr 
subunit a of P. interruptus haemocyanin. ‘This. subunit wa: 
merly called ‘94K’ after its apparent molecular weight (94,00: 
on SDS-polyacrylamide gels**. This nomenclature has now be 
abandoned, because, as shown below, the number of residu 
appears to be ~660, indicating a subunit molecular weigh 
~75,000. This agrees with earlier gel filtration and sediment 
tion equilibrium studies. by Kuiper et al.** 3 
As a Starting point for the primary structure determinati 
limited proteolysis of subunit a was carried out!*. This generatec 
an 18K fragment, derived from the N-terminus of the sub 
a 71K fragment from the C-terminus and a glycopepti i 
in between these two fragments. The apparent molecular weig 
of these fragments were determined from their mobilities 
SDS-polyacrylamide gels. For the N-terminal fragment th 
molecular weight determined agrees well with its length of 160 
residues. The 71K fragment, however, has ony ~485 
and its anomalous behaviour on SDS gels‘is not undi 
The tryptic fragments were subjected to further -dig 
followed by amino acid sequence analysis. Parts of the a 
acid sequence of P. interruptus haemocyanin, includin: 
viously published sequences'*"'’, are presented in Fig. 1. 


Crystal structure determination 


The monoclinic crystals, studied at pH 4.5, contained: the co 
plete 450,000-MW hexamer in the asymmetrical unit***?. 
crystal structure of P. interruptus haemocyanin at 5.0 Å ha 
reported elsewhere”. These studies revealed the shape 
32 point group symmetry of the hexamer, the orier 
the molecular symmetry axes and the molecular 
heavy-atom derivative information was used beyon 
procedure for obtaining the ultimate 3.2- A elec 
map was as follows. 

(1) The 36 heavy-atom sites of the KPtCl, a 
the 70 o-mercury phenol positions known from the 
were optimized, by the lack of closure-error 
method”, against the 4-A native and derivativ 
followed by phase*' and electron Senay calculati 

(2) The resultant 40- sre 
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Fig.1 Secondary structure and partial amino acid sequence of Panulirus interruptus haemocyanin subunit a, a heres with paca information > 
or several other arthropodan haemocyanins. The carbohydrate moiety (CHO), as well as the copper wrens 
e indicated. The Starting points of the different domains are indicated by the horizontal arrows. The a~ 
ine, and the B-strands by the zig-zag. A two-character identifier is assigned to each a-helix and P 
, the second gives the position of a secondary structure element within its domain ( 
a; B 2C i is the third -strand in the second domair 


I : t | taint n ' X-ray amla is at the pres i 
n ‘or the regions shown, the P interruptus seq sara bridges, indicated 
te based on the electron. density map, s : s: TRE first and last three . 
ore chain : are invisible i 
Sma and b subunit. Oe hes 
-terminal as well as the C-terminal fragments, of which th 
py placed | in the electa density map, as shown, there is no doubt tha the complet 
: chain, apparently related amino acid sequences of other ar : . 
ornicum subunits d (ref. 12), © (ref. 11) and. 
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shifts in the phases (Table 1) and the improvement in the 
electron density map were considerable. The copper positions 
became evident at this stage*”. 

(3) The phases obtained from Fourier inversion of the 
averaged electron density map were added to the known phases 
thin shells of increasing resolution, containing 1,900-3,300 
sflections. After one phase extension step, three cycles of 
density averaging and phase improvement were performed at 
constant resolution. Next, a new shell of reflections with 
unknown phases was added, and the procedure repeated. After 
-the tenth and last extension step, 11 phase improvement cycles 
-were performed. 

= The 3.2-A data set contained 63,842 amplitudes, of which 
-31,121 had no heavy-atom derivative phase information. The 

statistics of the procedure are given in Table 1. 


_ Polypeptide chain folding 
The resultant 3.2-A averaged electron density map proved to 
be of excellent quality (Fig. 2). It appeared possible to trace 
the complete polypeptide chain, to indicate disulphide bridges 
and to position several peptides for which the amino acid 
‘sequence was known (Fig. 1). The copper ions were by far the 
-most prominent features of the map. The carbohydrate 
moiety'** was clearly visible, as shown in Fig. 2. 
© A P. interruptus haemocyanin subunit folds its ~660 residues 
into an irregular ellipsoid of dimensions 48x55x80A, in 
: accordance with electron microscopic data*’**. There are three 
` distinct domains (Figs 3, 4). The first domain comprises 177 
residues and is virtually all helical (Figs 1, 3d, 4a). A disulphide 
aiaiige occurs between residues 92 and 97. The last B-strand of 
Me first domain is incorporated into a small, three-stranded 
f-structure together with two strands provided by one of the 
long loops of the third domain (Fig. 3c, d). This B-strand of 
- domain 1 contains the single carbohydrate moiety of P. interrup- 
© tus haemocyanin, which is covalently attached to residue Asn 
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Table 1 3.2-A phase statistics 
erent aeneae 


Resolution No. of R-factor* Figure-of- 
limits (A) reflections (%) meritt 
20.0~8,.94 3,261 18.5 0.75 
8.94-6.32 6,180 15.4 0.82 
6.32-5.16 7,646 18.3 0.81 
5.16-4.47 9,004 20.6 0.78 
4.47-4.00 9,696 23.6 0.76 
4.00-3.65 10,113 26.7 0.74 
3.65-3.38 9,960 30.1 0.71 
3.38-3.16 7,982 35.7 0.65 
Total 63,842 23.5 0.75 


<. For the double isomorphous replacement phases, out to 4A, the 
“average figure-of-merit (as defined by Blow and Crick*?) was 0.57 for 
32.721 reflections. After six cycles of phase improvement by density 


‘ution after the phase extension (as described in the text) out to 3.2 A. 


performed. 
a * >» (IF bcar! ~ F pops!) 


2 |F p.catcl 


sin A7} 
|F p catel =k exp| -B(*) | Fn 


R= 100% 


with 










of the averaged electron density map, 
tained by a relative Wilson plot. 


nd the phases obtained 


OS averaging’, the average figure-of-merit, as defined by Sim®®, was 0.76 
` with an average phase change of 60.4° with respect to the isomorphous 
replacement phases. The table provides statistics as a function of resol- 


Molecular replacement programs were provided by Dr G. Bricogne and 
rewritten in FORTRAN 77 for the Cyber 170/760 of the Computer 
Centre of the University of Groningen, where all computations were 


where |Fp.ipv| is the structure amplitude obtained by Fourier inversion 
k and B are relative scaling and 


he phases after six cycles of ae 
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Fig. 2 Partof the ultimate, averaged, 3.2-A electron density ma 
Five sections are shown through the centre of the hexamer, viewed 
along the local 3-fold axis of symmetry (A). The thickr 
slab shown is 6A. As the hexamer obeys 32 point group sym 
metry’’, three local 2-fold symmetry axes occur in the central 
section, as indicated. For one subunit e-carbon positions in a-helix 
1.7 and B-strand 1 Bare indicated. CHO, the carbohydrate moi 
Some well defined side chains are labelled, and the same densities 
can be seen in the symmetry-related subunit. The course of the 
polypeptide chain can be followed without any difficulty, and 
numerous side chains have a well developed density. In the map 
actually used for chain tracing and peptide fitting, twice as many 
sections were used, at distances of 0.75 A from each other. — 


169 (ref. 14). It appears that the carbohydrate moiety protr 
into a solvent region and does not, except for the first su 
group, make contacts with amino acid side chains. In this res 
the P. interruptus haemocyanin sugar chain is distinctly diffe 
from immunoglobulins**, but similar to some carbohydr 
chains in haemagglutinin*® and neuraminidase*’, 


The second domain, comprising residues 177-400, is 
largely helical, but has a few 8-strands (Figs 1, 3e, 4b). 
of these strands, 2B and 2C, and 2D and 2E, form anti 
BB-units. The oxygen-binding site is located in the centr 
this globular domain, in between four helices. This site wi 
described in more detail later. 20 

The third and largest domain consists of residues 400-66 
From the central region of this domain extend long loops | Fig 
3f, 4c) which appear to function as arms holding the. | 
domains together (Fig. 3c). The central part of this domaii 
an antiparallel B-barrel consisting of seven strands. The elect: 
density map indicates two disulphide bridges in this do 
(Figs 1, 3f, 4c), giving a total of three disulphide bridges in 
haemocyanin subunit. se 

Primary structure comparisons (Fig. 1) show that al 
domains contain regions of similar sequence bet 
haemocyanins of different organisms, which suggests str 
that the three-domain structure is a common feature 
arthropodan haemocyanins. | Ben 

Figure 3a shows a stereoview of the hexamer and F 
‘upper’ trimer. In the hexamer, all three domains are. 
in inter-subunit contacts. For instance, helix 1.7 is in 
with the same helix in a subunit related by a 2-fold a 
Fig. 2). Helices 2.3 from three subunits interact with 
around the molecular 3-fold axis (Fig. 3b), and helix 
to helix 1.3 of another subunit. As in haemo 
haemerythrin® ’, the contacts are all mediated b 
between side chains-—-no hydrogen bonding 
between backbone atoms occur. s 

























































































d the ane of an S a band near 340 nm in single- 
tal UV spectroscopy (M. Vincent, unpublished data). 
ver, we cannot rule out completely that the structure we 
rmined i is of Met, or half-Met, haemocyanin. 
ear from the 3.2-A electron density map that each 
has three protein ligands. No evidence for a bridging 
and is found. One of the pair of copper ions, Cu(A), 
inded by residues 196, 200 and 226; the other, Cu(B), 
rounded by residues 346, 350 and 386. Two of the ligands 
‘u(A) come from successive turns of helix 2.1, and the 
ent two ligands of Cu(B) come from successive turns of 
The third ligand of each copper ion also comes from 
he six copper ligands are thus provided by four helices. 
iscent of the situation . in ere hia i , but the 
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Fig. 3 The three di 
sional structure of P. inter- 
ruptus haemocyanin in 
stereoscopic projection 
Coordinates of the a= 
carbon, y-sulphur and Y 
copper atoms were ( : 
directly measured froma ` 
3.2-Å electron densit 
map, which was plotted or 
transparent sheets at a. 
scale of tem=4A. 
Although the general - 
course of the chain could 
be followed without 
difficulty, a-carbon coor- 
dinates of certain loops 
with less well developed | 
side chains may be less 
accurate than that of other 
regions. a, The complete 
hexamer, with a total of 
3,978 residues, viewed 
along the molecular 3- 
fold axis. The three 
molecular 2-fold axes of 
this molecule with point 
group 32 (ref. 39) are in 
the plane of the paper. 
The hexamer can be 
described as two trimers, 
related by 2-fold axes 
stacked face-to-face u 
each other. b, A vi 
along the local 3-fold ax 
of the * ‘upper’ trimer of a. 
¢, A view along the local . 
3-fold axis of one subunit : 
only, with the same 
residues labelled as in df 
Residue 169 contains the 
carbohydrate moiety. 
Residue 177 is the end of 
the first domain, and num- 
ber 400 the end of the 
second domain. d, The 
first domain only, ina view 
which gives a clear picture 
of the course of the poly- 
peptide chain. The posi- 
tion of the first three. 
residues is arbitrary as n 
density was visible in the 
electron density map. One 
disulphide bridge is indi- 





































Antiparallel helices both providing ligands for metal ions are 
also found in Fe-superoxide dismutase*?””. : 

All six copper ligands in haemocyanin are almost certainly. 
histidines. For four of the ligands (residues 196, 200, 226 and 
386) this is clear from the fit of the Panulirus haemocyanin 
amino acid sequence with the electron density map. All other 
sequenced haemocyanins also have histidine residues at these. 
positions, and very similar sequences in the surrounding regions 
(Fig. 1). The two remaining Cu(B) ligands have not been sequen 
ced yet for P. interruptus haemocyanin. These two ligands mus 
have the sequence L,-X-X-X-L, according to the electront 
density map, with L, approximately 36 residues away from the ` 
third ligand. In the sequences of Tachypleus haemocyanin* ar 
of two Eurypelma haemocyanin subunits’? the arrangeme 
His-X- X- X- His i is ones pone ts at the expetied po: 





























ted by a virtual bond — 
between the a-carbon 
atom of residues 92 and 
97. Up to residue 155, this 
domain is quite globular, 
but residues 156-177 
form an ‘appendix’ com- 
prising helix 1.7 and £- 
strand 1B. Helix 1.7 
~ forms contacts via a 2-fold 
-axis with another subunit 
-as shown in Fig. 2. Strand 
= | B contains the carbo- 
hydrate chain at position 
169, and forms a B-struc- 
ture with strands 3B and 
-3C of the long extended 
loop, 440-480, of the 
third domain (c). e, The 
‘second domain. in a view 
allowing an easy following 
f the chain. The positions 
f the copper atoms. are 
ndicated and connected 
‘the liganding residues. 
C This domain is clearly 
-globular and is mainly 
helical. The six protein 
ligands of the two copper 
ions are all histidines (see 
text). It should be empha- 
sized that, at the present 
esolution, we cannot 
exclude the possibility of 
a small exogenous bridg- 
ing ligand, such as a p- 
oxo atom. f, The third 
domain oriented in such a 
manner as to highlight the 


from. g 
< loops 
the central B-barrel make 
intimate contacts with the 
two other domains (c). 
The position of the last 
. three residues is arbitrary 
as only weak density was 
presentinthe electron den- 
sity map for these residues. 


a two copper ions are liganded by six histidines. 
copper binding 


al. ‘and ‘okata etal’. That each copper atom has three ligands 
agrees well with the suggested model of the oxygen-binding site 
for deoxyhaemocyanin by Brown et al*' and Larrabee and 


Spiro”. 


The distance between the two electron density maxima rep-. 


“resenting the copper ions is 3.8 A, with an error of ~0.4 A. 
This corresponds well with the values derived from EXAFS 
periments: 3.39 A*! for deoxyhaemocyanin; 3.67 A*' and 
55 A®? for oxyhaemocyanin. The copper-binding centres in 
the subunits of a haemocyanin trimer (Fig. 3b) are separated 
by distances of 46 A. The copper centres in one ‘upper’ subunit 
re separated 
mces. of 47, 


ent of the histidine cluster at position 195-200 in 
has: been correctly suggested by Schneider et 
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No other three-dimensional structures are’ yet 
proteins with binuclear copper sites. However, 
amino acid sequence of Neurospora crassa tyrosinase 
complete sequence of human ceruloplasmin’ * and s 
ments of the sequence of laccase*”°°—all of whicl 
nuclear copper sites—are known. Does the sequence 
His, which provides four of the ligands for each 
binuclear copper centre, occur in these possibly rela 
In tyrosinase this sequence does indeed occu 

His 281 are separated by three residues and 
possible copper ligands. Two other histidine 
tyrosinase have been implicated by photo-inactivat 





Fig. 4 The three domains of a subunit of P. interruptus haemocyanin depicted schematically, viewed from the same direction. a, Domain 1: 
Helices are indicated by cylinders and B-strands by arrows. Secondary structure elements are indicated as in Fig. 1. A disulphide bridge is 
shown as —Q—O—. The ‘appendix’ formed by helix 1.7 and -strand 1B is evident. This B-strand. contains the carbohydrate moiety. b, 
Domain 2: The copper ions, which are located in the centre of this domain, are indicated by diamonds. All six digands of the copper ions can 
clearly be seen to be provided by residues belonging to a-helices. It may be noted that the first ligand of Cu(B), residue 346 of helix 2.5, is 
situated at the very N-terminal turn of this helix. This is quite different from the first ligand of Cu(A), which resides in the middie of helix 
2.1, and from the Fe-ligands in haemerythrin, which are also provided by residues from central parts of helices. e, Domain 3: Two probable _ 
disulphide bridges are indicated by —O—-O—. In this view, one long loop, comprising a3.3, extends to the left while another one, connecting. 
B-strands 3B and 3C, extends to the back of this picture. (Drawings by A. Volbeda.) - a 


_ Fig. 5 Alignment of the equivalent 
- amino acid residues in the 6-barrels 
of Cu, Zn superoxide dismutase 
(SOD), immunoglobulin REI 
(REI)® and the third domain of P. 
_ interruptus. haemocyanin (HECY). 
-The large arrows represent the seven 
.. B-strands which form the major part 
of the barrel. Equivalent a-carbon 
` atoms. which. superimpose within 
:3.2 Å with haemocyanin are shown 
as large dots (@) and crosses (X), 
valent a-carbon atoms deviat- 
more than 3.2 A but less than 
0 A are indicated by small dots (+). 
© Indicate residues that point their 
side chains into the interior of the 
_ B-barrel. Residues marked by > or 
`X do not point towards the interior. 
C Strands G, E, J and L (haemocyanin 
‘numbering as in Figs 1 and 4) form 
- one side of the barrel, strands A, D 
-and H the other side. The lengths of 
the loops connecting the strands are — 
also indicated: those of Cu, Zn super- - 
oxide dismutase in squares; those of 
mmunoglobulin REI in circles; and 
those of haemocyanin in diamonds. 
(Drawing by A. Volbeda.) It appears 
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anin has by far the largest loops. 
op connecting strands Dand E 
sry similar in immunoglobulin . 
-and haemocyanin. The short 
p connecting strands G and H is | | 
me in all three cases. The three x o | “a 
tures. appear to resemble | 

ther. remarkably well (see 

r Cu, Zn superoxide dis- 

id immunoglobulin REI, 

dinat REI 





he polypeptide chains surrounding these binuclear copper 

ites in different molecules, although spectroscopic data suggest 
‘that the copper environments are actually very similar? >”. 

‘In ceruloplasmin. two pairs of histidines separated by three 

2.33, and in the short sequence known of laccase”? 

ound. On the basis of the haemocyanin 


~haemocyanins is ~ 400,000, with ~ 50,000 per binuclear copper 
site?°-22:25, The arthropodan oxygen-binding domain, with 
~223 residues, has a molecular weight of ~25,000. Spectro- 
scopic evidence suggests that the oxygen-binding centres of 
molluscan and arthropodan haemocyanins are very similar?**’. 

he basic 50,000-MW unit in molluscan haemocyanins may 
herefore consist of an oxygen-binding domain similar to the 

ne in P. interruptus haemocyanin, and a second domain which 
might correspond to the first or third P. interruptus haemocyanin 
domain. The two domains would be in quite intimate contact, 
_ forming a globular unit, while an array of eight such units makes 
up a complete molluscan haemocyanin subunit’’”. Similar 


_. relationships between the two haemocyanin classes have been 
suggested, on different grounds, by Van Holde™. 


Convergent evolution 


The core of the third haemocyanin domain consists of a seven- 
stranded, antiparallel B-barrel. Surprisingly, the topology of 
this core is identical to that of the B-barrels in immunoglobulins 
and in Cu, Zn superoxide dismutase (Fig. 5)°'**. After optimal 
_ superposition of ~60 equivalent C*-positions, the three barrels 
- deviate mutually by less than 2.5 A (r.m.s.). 

= However, when the available amino acid sequence for the 
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Conclusion 


The combination of X-ray diffraction and amino acid sequencing 
techniques described here has allowed the elucidation of the 
architecture of P. interruptus haemocyanin, which is probably 
common to all arthropodan haemocyanins. Furthermore, a 
detailed view has been obtained of the oxygen-binding site, 
which may share many features with the binuclear copper sites 
found in molluscan haemocyanins and several other | 
Important questions remain to be answered, howeve 

the nature of the contacts between the subunits of this he 
protein, the structural changes that occur on oxygenatio 

nately, the X-ray analysis of an oxyhaemocyanin 


wayĉ*65), and the relationship between the sti 
arthropodan and molluscan haemocyanins. Once these questio 
are settled, then a complete picture will have been obtain 
the three, or perhaps four, solutions nature has found for re 
ible oxygen transport in living organisms. ons 
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FIBRONECTIN is a well characterized extracellular, structural 
: glycoprotein which interacts strongly with other extracellular 
matrix molecules and which causes the attachment and spreading 
of most cells when presented to them as an insoluble substrate. 
This latter property is of considerable interest because an under- 
standing of how cells interact with their surroundings may lead 
to an understanding of differentiation and of cell migration, for 
example, that which occurs during embryonic development or 
in tumour metastasis. 

By using a monoclonal antibody which inhibits cell attach- 
ment, we have recently isolated, as a peptic fragment of 
molecular weight (MW) 11,500 (11.5K), the domain within the 
fibronectin molecule which endows it with the ability to interact 
with the cell surface of fibroblasts’ *, and we have determined 
the complete amino acid sequence of this fragment”. This domain 
contained all of the cell attachment activity to be found among 
the proteolytic fragments of the fibronectin molecule’. By using 
ynthetic peptides modelled from the sequence of this domain, 
e have described a 30-amino acid synthetic peptide which 
arries the cell attachment-promoting activity’. By using smaller 
hetic peptides, we have now localized this function of the 
ynectin molecule to a sequence of only four of these amino 
ds and we have shown that the same tetrapeptide is present 
yme other proteins which may interact with cells, including 
brinogen’, a surface protein of Escherichia coli’, and a Sindbis 
irus coat protein’. 








Cell attachment-promoting activity 

The 30-amino acid synthetic peptide described previously placed 
‘the cell attachment site within the COOH- terminal quarter of 
the 108-amino acid cell attachment domain“. At that time, we 
predicted, by the method of Rose’, that the cell attachment- 
promoting activity of the fibronectin molecule would probably 
ocalized close to a hydrophilic stretch of amino acids near 
he NH)-terminus of that peptide. Further analysis of the cell 
attachment domain, using methods for predicting secondary 
‘structure described elsewhere*”’, showed that the group of 
residues boxed in Fig. 1 may be a 8-turn which probably forms 
_ hydrophilic loop at the surface of the molecule and is thus 
l le to interact with the cell surface. To test whether these 
acids were involved in the cell attachment activity of the 
>. obtained several synthetic peptides (Fig. 2a), 
mto protein-coated plastic and tested each for cell 
-promoting activity (Fig. 2b). All the peptides that 
i e attachment of rat kidney fibroblasts (NRK cells) 
he sequence Arg-Gly-Asp-Ser (or Arg-Gly-Asp- 
g. 2b). The activity of the peptides decreased somewhat 
$; perhaps due to a decrease in the stability of their 
mation or to a relative inaccessibility on the substrate. 
peptide, Arg-Gly-Asp-Ser, itself was active when 
ph larose beads at the end of a C, spacing arm 
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Cell attachment activity of fibronectin 
can be duplicated by small 
synthetic fragments of the molecule 

Michael D. Pierschbacher & Erkki Ruoslahti 


Cancer Research Center, La Jolla Cancer Research Foundation, 10901 North Torrey Pines Road, La Jolla, California 92037, USA 
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The ability of fibronectin to bind cells can be accounted for by the tetrapeptide L-arginyl-glycyl-L L-aspartyl-L-serine, a 
sequence which is part of the cell attachment domain of fibronectin and present in at least five other proteins. This 
tetrapeptide may constitute a cellular recognition determinant common to several proteins. | 
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the fact that we could not demonstrate activity in this peptide = 
after coupling to protein- -coated plastic. 

Analysis of the data in Fig. 2 indicates that the serine residue | 
of the tetrapeptide sequence can be replaced by a chemically 
similar cysteine residue without substantial loss of the activity: 
(peptide IVA 1a in Fig. 2). The activity was lost, however, when 
the arginine or aspartic acid residues were selectively deleted 
(Fig. 2) or if the synthetic peptides were cleaved at the arginine 
with trypsin (data not shown). Also, substitution of the glycin 
with the bulky valine residue (peptide RVDSPAC in Fig. 
abolished the activity. Moreover, as can be seen in Fig. 
substitution of aspartic acid with asparagine greatly diminished 
the activity of the resulting tetrapeptide. We conclude from 
these results and from the data presented below that the Arg 
Gly-Asp sequence must be maintained to preserve activity, while 
some variation at the position occupied by the serine residue is 
compatible with activity. | 




























Inhibition of cell attachment 
We were unable to inhibit the attachment of cells to fibronectin- 
coated surfaces with soluble fibronectin, nor could we inhibit 
such attachment with obtainable concentrations of the 30-amino. 
acid, cell attachment-promoting synthetic peptide*. A possible 
explanation for this lack of inhibition is that the affinity of- 
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Fig. 1 Prediction of the secondary structure of the 11.5 K cell... 
attachment domain of fibronectin. The methods of Chou and- 

Fassman? and Kyte and Doolittle? were used to predict the prob-_ 
able secondary conformation of the cell attachment domain of 
fibronectin based solely on the primary structure“. The peptide 
consists of a series of potential B-turns, the most hydrophilic of 
which (boxed) is shown here to contain the cell attachment signal 
Peptide IV, which was shown previously to contain the cell atta 
ment activity’, is enclosed in brackets. The one-letter cod A 


to denote each amino acid i is: A, Ala; Cy Cy 
Phe; G, aly $ 
Pr R 






e fibronectin molecule for the cell surface is so low that 


ry high concentrations of soluble fibronectin or its fragments 
uld be needed to overcome the cooperative interaction of 
nany immobilized fibronectin molecules with cells. That this is 
he case has been suggested by the work of Grinnell and col- 
gues’! and by that of Hughes et al '?. 
he small peptides, in contrast to fibronectin and its larger 
‘agments, are highly soluble, which makes it possible to test 
hem at millimolar concentrations for inhibition of cell attach- 


nent. For these tests we chose peptides which did not have a 


cysteine residue to avoid possible binding of the peptide to the 
substrate by disulphide exchange. We found that the Gly-Arg- 
Gly-Asp-Ser-Pro and Arg-Gly-Asp-Ser peptides did indeed 
interfere with the attachment of NRK cells to fibronectin-coated 
ubstrates (Fig. 4a). (In experiments where they were compared 
directly, the Gly-Arg-Gly-Asp-Ser-Pro peptide promoted cell 
attachment to surfaces coated with it to the same extent as did 
Gly-Arg-Gly-Asp-Ser-Cys.) The inhibition by the peptides 
occurred, in a dose-dependent manner, at peptide concentra- 
tions >1x 107" M, (Fig. 4b). An affinity constant for the cell 
urface of 3X 10-* M and 6x 10 M for the hexapeptide and 
rapeptide, respectively, was obtained using the method for 
estimating antibody affinity described by Miiller'*. Peptides not 
ontaining the Arg-Gly-Asp-Ser sequence showed no inhibition 
of cell attachment to fibronectin, indicating that the inhibition 
“is specific and that inclusion of peptides in the cell attachment 


_ assay at these concentrations had no adverse effects on the cells. 


Furthermore, the attachment of cells to concanavalin A (Sigma) 
(remained unaffected by the Arg-Gly-Asp-Ser-containing pep- 
tides (data not shown). : & 
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Code 


Fibronectin 


Sequence 


National Biomedical Research Foundation ( 
University Medical Center, Was 
revealed five proteins having the 
into account the frequency at wh 
acids occurs in proteins and the 351 
from the sequence library, six such 
expected. SS 

Of the five proteins having the active tetraper 
fibrinfogen) was of most immediate interest because of it 
demonstrated interaction with fibronectin'* and the platelet 
surface'”"'®, Therefore, we tested a synthetic nonapeptide 
modelled on residues 568-580 of the a-chain of fibrinogen and. 
found that it also promoted cell attachment Table 1 and Fig 
5). Attempts to demonstrate the attachment of our test cells. 
intact fibrinogen or fibrin, however, have not given | 
results. In accordance with earlier results'’, no attach 
fibroblastic cells to fibrinogen insolubilized on plastic « 
demonstrated. Attachment of cells to the fibrinogen 
polypeptides, separated by SDS-polyacrylamide gel. e 
trophoresis and transferred to nitrocellulose as described 
where’", gave only weak or, at times, no attachmen 
separated a-chain (data not shown). In contrast, the activit 
fibronectin is readily detectable in both conditions, It mi 
that the cell attachment site in fibrinogen is cryptic or destroyed 
during the assay procedures, or that the surrounding sequence: 


Concentration for 
50% cell attachment 


0.10 nmol mt 


GDSPASSKPISINYRTETOKPSQOMC) 0.25 


GOSPASSKPi(C) 


S'nYRTFEtODKPSOQOM(C) 


GOS PAC) 
SPAS SKPI SC 

R GDO 

RGDSO 

RGOSPA(C) 

RVDSPA(C) 


_ Fig. 2 Attachment of NRK cells to immobilized fibronectin and 
synthetic fibronectin peptides. a, Peptides were synthesized by 
Peninsula Laboratories (Belmont, California) according to our 
Specifications, to include a COOH-terminal cysteine (C). The 

activity of each peptide is indicated on the right of the figure by 

_ the concentration necessary to achieve 50% maximal attachment 

< in the assay described below. b, The synthetic peptides were assayed 

> for their ability to promote the attachment of NRK cells by first 
= attaching the peptides via the heterobifunctional cross-linker SPDP 
_(N-succinimidyl-3-(2-pyridyldithio) propionate; Sigma) to rabbit 
IgG which had been immobilized on polystyrene’. By using radio- 

_. labelled peptides or antibodies to the larger peptides, we have 
_ determined that coupling of the peptides using this method is more 
than 85% complete (data not shown). Peptides not containing a 

ysteine are not included in the figure as the methods used to 
mmobilize them appeared to be less efficient (see text). The 
attachment assay was carried out as described’? using freshly 
trypsinized NRK cells. After incubation for 1h at 37°C, those 
-cells which had attached were fixed, stained and quantitated using 
ither an Artek cell counter or a vertical pathway spec- 
photometer, In all cases, maximum attachment was ~ 80-90% | 
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Fig. 3 Attachment of NRK cells to CH-Sepharose beads carrying 
tetrapeptides or fibronectin. Peptides TGRG (a), RGDS (b), 
GDSP (c) and fibronectin (d) were coupled to CH-Sepharose 4B 
(Pharmacia) by treatment of the Sepharose beads with 0.14 M 
1-ethyl-3(3-dimethylaminopropyl)carbodiimide-HC]} (Sigma) at 
PH 5-6 for 18 h at room temperature in the presence of a twofold 
molar excess of peptide relative to the available reactive groups 
on the beads. Coupling was quantitated by amino acid analysis and 
by monitoring the change in UV absorption. Each ml of Sepharose 
beads carried ~ 3-4 mg peptide or 10 mg of fibronectin. Attach- 
ment was assayed by incubating NRK cells with a monolayer of 
beads for 1 h at 37°C. The beads were then allowed to sediment 
(at 1g) through 3ml of 3% paraformaldehyde in phosphate- 
buffered saline to separate unattached cells and fix those cells 
which had attached. The unattached cells were decanted and the 
beads were stained with toluidine blue and observed under the 
microscope. a, b, and c X50; d x40. 


Table 1 Proteins having a sequence similar to the cell attachment- 
| promoting sequence of fibronectin 








Proteins Ref. Cell attachment 


Sequence 


Fidronectin AVTGRGOS PAS S kK 3 Active 


4 Active 
5 NT 

6 NT 
33 NT 
34 NT 





-pasic protein 








-omputer search through published protein sequences was conduc- 
by The National Biomedical Research Foundation. The proteins 
g the sequence Arg-Gly-Asp-Ser are listed and the sequences 
anking the tetrapeptide are shown. Residues identical to those found 
fibronectin sequence are boxed: chemically similar residues are 
closed in broken boxes; and sequences which were tested as synthetic 
ptides for cell attachment activity are shown in bold type. A synthetic 

peptide was prepared from the fibrinogen sequence and was found 
active (see Fig. 5). The other proteins have not been tested (NT; 
or discussion of these proteins). — 
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in some way weaken the activity of this site so tha n 
recognized by fibroblastic cells in the intact molecule. The Arg 
Gly-Asp-Ser sequence in fibrinogen is flanked on both the 
COOH-terminal and NH)-terminal sides by sequences whic 
are more hydrophilic than the hydrophobic regions present o 
either side of this sequence in fibronectin. On the other hand” 
platelets interact with fibrinogen’”?° at more than one site within \ 
the molecule*’, and they also interact with fibronectin’. Future B 
work should show whether the Arg-Gly-Asp-Ser sequence ofo 
fibrin is recognized at any stage of haemostasis by platelets or > 
other types of cells, or whether this sequence might become ss: 
uncovered on enzymatic dissolution of a blood clot. Future work 
should also show whether this sequence mediates the interaction 

of any of the other proteins listed in Table 1. 


Implications 


Our data show that the minimum signal necessary for the binding 
of cells to fibronectin resides in the short amino acid sequence 
Arg-Gly-Asp-Ser and that each of the four amino acids con- 
tributes to the binding. That this sequence is common to a few 
other proteins which may interact with cells implies that cells 
may use a single mechanism (receptor?) for interacting with 
several proteins. Although no structural basis for the surprising 
activity of such a small peptide is readily apparent, some of its 
properties are suggestive. As already mentioned, the tetrapep- 
tide is found in a segment of fibronectin that would be very 
likely to form a hydrophilic loop at the surface of the molecule’? 
and would thus be available to interact with cells. As in our | 
hands polycations are relatively ineffective compared with the» 
synthetic peptides in promoting the attachment of fibroblasts’ 
and even less effective in promoting cell spreading (M.D.P. 
E.R.. unpublished results), it is clear that binding is not due 
solely to the arginine residue. In any case, the other three 
residues of the tetrapeptide are clearly important because substi- 
tution of the glycine residue with valine eliminates cell attach- 
ment activity, and omission or substituton of the aspartate alters 
the activity of the peptide drastically (Fig. 4), Furthermore, we 
have tested a synthetic peptide taken from a sequence in col- 
lagen”, Lys-Gly-Glu-Ser-Gly-Ser-Pro, and found no cell 
attachment promoting activity (data not shown), indicating that 
a mere conservation of the charge relationships (Lys-Gly- 
Glu... versus Arg-Gly-Asp. ..) does not maintain the activity. 

We have also tested the activity of other peptides that 
resemble the Arg-Gly-Asp-Ser sequence and are present in 
collagens**. One such sequence, Arg-Gly-Asp-Thr-Gly- 
Ala-Thr-Gly-Arg, (taken from type I collagen) promotes cell 
attachment almost as well as the fibronectin peptides; two 
other sequences (taken from collagens of different genetic Pr 
types?*), Gin-Gly-He-Arg-Gly-Asp-Lys-Gly-Glu-Pro and Gly- ` 
ser-Arg-Gly-Asp-Hyp-Gly-Thr-Hyp, when tested as synthetic 
peptides had no cell attachment-promoting activity at all 
(unpublished data). These results indicate that the serine residue 
is not essential but only conservative substitutions of this residue 
are compatible with activity. The sequences flanking the Arg- 
Gly-Asp-Ser sequence also affect activity as illustrated by the 
fact that the Gly-Arg-Gly-Asp-Ser-Pro peptide can inhibit cell] 
attachment to fibronectin better than the Arg-Gly-Asp-Ser 
peptide. 

The data we have obtained by selective substitution within. 
the recognition sequence reveal some interesting possibilities 
about modification of the fibronectin activity in cells and tissues. 
Based on these results, one can infer that a single point mutation 
in the fibronectin gene (for example, one that would change 
glycine to valine; Fig. 2) could destroy the activity of the recogni- 
tion sequence. This raises the possibility that there exist fibrone 
tins which are ineffective cell attachment promoters. Moreover, ! 
the cell attachment sequence may be subject to modification by ` 
phosphorylation. Fibronectin has been shown to carry covalentl 
bound phosphate**°°. A partially phosphorylated serine has 
been found elsewhere in the fibronectin molecule within a regi 



















































not showing internal homology. w 
_However, the phospho 













hibition of attachment of NRK 
immobilized fibronectin by syn- 
hetit fibronectin peptides. a, Microtitre 
wells were coated with decreasing con- 
“centrations of human plasma fibronectin, 
then non-bound fibronectin was washed 
way, and the attachment of NRK cells 
10° cells per well) was assessed after incu- 
ation at 37 °C for 45 min in the presence 
f each of the peptides shown, each at a 
concentration of 1 mM. b, The peptides 
also were titrated in wells coated with 
“Spugml”’ fibronectin. NRK cells were 
-again incubated at 37°C for 45 min, and 
< attached cells were fixed, stained and 
= counted. Incubation media for these 
experiments was Dulbecco’s modified 
Eagle’s medium (Flow). supplemented _ 
with glutamine-penicillin-streptomycin at 
2mM, 100U and 100 ugml™', respec- 
tively (Irvine Scientific) and bovine serum 
albumin 2 mg mi™* (Sigma). 
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to the serine in the cell attachment site (compare Arg-Glu-Asp- 
_Ser-PO, with Arg-Gly-Asp-Ser). Extrapolating from the data 
presented here, one would expect that the Arg-Glu-Asp-Ser 
“sequence would not show cell attachment activity (compare. 


-Arg-Glu-Asp-Ser with Arg-Val-Asp-Ser). This agrees with our - 


finding only one cell attachment site in each fibronectin polypep- 


tide’. Whether the serine in the Arg-Gly-Asp-Ser sequence 


would be a suitable substrate for the same or a different protein 
, kinase is unknown. In view of recent reports indicating the 
existence of cell surface protein kinase activity?”* and the 
ding of increased phosphorylation of fibronectin from malig- 
nantly transformed cells**, this warrants further investigation. 
Phosphorylation could provide a means whereby cells might 
regulate their attachment and, where uncontrolled, could con- 
- tribute to malignancy. 
These results also raise the intriguing question of whether 
- some prokaryotes and viruses use the fibronectin recognition 
sequence. The A phage receptors on the surface of E. coli and 
.. Sindbis virus coat protein share a five-amino acid sequence with 
_ the cell attachment region of fibronectin (Table 1). It may be 
_ that some microorganisms use this sequence to interact with 


_ membranes of eukaryotic cells, and that some bacteriophages 


- imitate the eukaryotic cell to gain entrance into E. coli. _ 


The possibilities for future study discussed above are, at- 


present, speculative. These possibilities, however, can be tested 


_ by using the peptides which inhibit cell attachment to fibronectin | 


_ and, therefore, are also likely to interfere with other interactions 
hich use this same recognition sequence. The peptides also 
rovide us with the ability to specifically inhibit the cell attach- 
“ment function of fibronectin, making it possible to study this 
function independent of the other functions of the protein in a 


variety of systems such as differentiation, cell motility, and in - 
all of which appear to 


models of tumorigenesis and metastasis, 
be influenced by fibronectin??? 
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Temenni aa . erotica 
An unequivocal detection of the Sunyaev-Zeldovich effect’, the 
_ cooling of the brightness temperature of the microwave background 
— radiation towards the atmospheres of clusters of galaxies, has 
profound cosmological significance’, but has hitherto proved 
elusive. We present here measurements of the effect towards three 
-rich clusters of galaxies made with the 40-m telescope of the 
Owens Valley Radio Observatory at 20.3 GHz. These results are 
three times more sensitive than other results previously reported ’~°, 
are free from systematic errors at the 100 aK level, and provide 
very strong evidence for the reality of the Sunyaev-Zeldovich 
_ effect. | 

<. The consensus of observational data supports the presence 
of a Sunyaev—Zeldovich effect towards only three clusters of 
-galaxies—-0016 +16, Abell 665 and Abell 221 8—-although the 
support is by no means unqualified’. To provide further 
evidence for the reality or otherwise of the effect, we have worked 
for several years with the 40-m telescope of the Owens Valley 
Radio Observatory of the California Institute of Technology. 
-Our results to 1983 January are reported elsewhere’, but here 
ve present the results of a successful observing run at 20.3 GHz 
made during the period 21 December 1983-3 January 1984. 

__ For these observations, the 40-m telescope was equipped with 
a tunable K-band maser receiver with bandwidth ~400 MHz 
which provided an overall system noise temperature ~40 K. At 
our observing frequency the 40-m telescope has a beam efficiency 
of about 0.48, and a half-power beamwidth of 107 arc s. Observa- 
tions were made using a symmetrical beam-switching scheme’? 
with a beam-separation of 7.15 arc min. The weather was mostly 
good during our allocated observing period, and 237 h of useful 
data were obtained for the three clusters of galaxies 0016 + 16, 
Abell 665 and Abell 2218, and for nine reference regions of 
‘blank’ sky located adjacent to the clusters or distant from them. 
-These reference regions provide strong controls on the presence 
of systematic errors, which have severely handicapped earlier 
observations’ '. The data obtained from these observations were 
reduced using a modified form of the analysis of the variance’? 
-tests with partial data-sets analysed in different ways gave con- 
-sistent results. A test for parallactic-angle dependent systematic 
_ errors was also made", but none was found. 

The results of these observations are given in Table !, which 
contains the results for all the clusters and reference regions 
__ observed. The N and S positions associated with the clusters 
_tefer to points 7 arc min north and south of the cluster centres 

(the C positions, whose coordinates are given in ref. 10) respec- 
ively. The 0016 + 16 S position is contaminated by the presence 

a nearby radio source whose contribution to the brightness 

perature at this location is calculated (from lower-frequency 

surements) to be 510+ 120 wK (refs 9, 13 and R. Laing, 

al communication), and the brightness temperature 

ement at this point has been corrected for this contribu- 

corrections for the presence of radio sources have been 

_to.any of the other results in Table 1. 
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are given in 








the brightness temperatures towards the nominal points obser- 
ved and the averages of points located on ‘reference arcs’ one 
beam-separation away, convolved with the primary beam- 
pattern of the telescope. For each cluster centre, the A Tp; va 

therefore represents a measurement of a constant signal of ~0.4. 





of the central microwave decrement, AT) (using X-ray core sizes, \ 
6.,, of 0.50, 0.92 and 0.97 arc min for 0016 +16, Abell 665 and a 


Abell 2218 respectively, and a model 

AT,3(0)= AT)(1 + 67/62,)- | 
for the angular distribution of the decrement’®). For the N and. 
S reference locations, the reference arcs are located asymmetri- 
cally with respect to the cluster centres, and hence the cluster 
gas distributions, and cross the cluster centres at parallactic . 


angle 90°. Averaged over the observational parallactic angle : a 
coverage, this implies that the N and S reference positions ino = 


these three clusters should see signals of only a few per cent of 
AT, appearing as small decrements or enhancements in the 
brightness temperature of the background radiation. 

The differences between the values of A Tg; measured at the 
Cluster centres and at the N and S reference positions should, 
therefore, represent between 0.42 and 0.48 AT), and the sig- 
nificant depression of the C-position values of A Tiy below those © 
measured N and S of the cluster centres demonstrates the 
existence of significant Sunyaev-Zeldovich coolings towards 
each of the three clusters of galaxies. 

Taking account of the parallactic-angle coverages of the 
observations, we can estimate for each cluster both the centra 
microwave background decrement, å To, and any residual (con: 
stant) systematic offset signal, AT.. These are given in Tables 
The values of AT, are consistent with our limit of 100 pK 
deduced from the blank-sky results, but differ from zero at the 
10% significance level even when correlations between AT, and © 
AT, in the fit are taken into account. For comparison Table 2 _ 
also gives the values of AT, deduced on the assumption that _ 
AT, =0. Some small AT, might be caused by pointing uncertain- . ~ 
ties or by the use of an inadequate model for the cluster atmos- 
pheres. Independent evidence for ~100 uK offsets has been 
found in other sensitive observations of the microwave back- 
ground radiation using the 40-m telescope (A. C. S. Readhead, 
personal communication). 

The values of AT, given in Table 2 correspond to significant _ 
detections of the Sunyaev—Zeldovich effect in each of these three | 
clusters. The consequences of the detection of decrements with - 
å To= —0.7 to —1.4mK have been discussed elsewhere -we 
note in particular that the very significant (80) detection of a 


Tabie 1 The results 








Fraction 


Brightness of data 
temperature Degrees rejected 
change, of in 
Cluster Position  ATp; (pK) x? freedom analysis 
0016 +16 C —644 +79 53.8 44 0.00 
N +103 £93 11.8 8 0.11 
S ~100+146* 17.0 10 0.15 
Abell 665. C ~335 + 48 46.6 45 0.00 
N —55 +63 17.9 13 0.00 
> pa a: S ~131457 129 11 À. 
Abell 2218 C —338 + 48 73.0 57 
N +9 + 58 23.0 15 : 
S ~115+69 14.2 10 0.0 
Blank sky I +6274 48.1] 23 A) 
3 +189 + 86 39.1 26 0.00 
5 —~126 +96 21.4 9 0.00 








inates of the cluster centres, and of the 
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ble 2. Central microwave background decrements and systematic 
| offsets 


Central 
microwave 
background 
decrement 
with AT, =0 
(AT,/#K) 
~ 1,402 + 172 


Abell 665 ~89 +44 ~694 + 98 
Abell 2218 -40 + 47 —700 + 98 


sean aereneenanesssaacereenes ete CCC CCC CCC An 


Central 
microwave 
background 
decrement 
with AT, #0 
(A To/ uK) 


— {584 +256 
-503 + 136 
— 507 + 143 


Systematic 
offset signal 
(AT./ pK) 


+79 + 82 


| Cluster 
0016+ 16 


microwave background decrement towards 0016 +16 may pro- 
vide a useful cosmological test". 


We conclude that there should be no further doubt of the 


‘reality of the Sunyaev—Zeldovich effect in these three clusters 
¿of galaxies. 
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Alignment of distant radio sources 
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7 © A typical extragalactic radio source is a simple double or 
-elongated structure with a well-defined orientation on the sky. 
` In 1972, Willson’ investigated the relative orientation of 74 


extragalactic 3C radio sources mapped at the Cambridge 1-mile 


telescope, and noted that extended extragalactic radio sources 


tend to be parallel if they are separated by less than 10° on the 


© sky. Since 1972, many more radio sources have been mapped 
-with resolutions 10-20 times greater than that of the observa- 


tions available to Willson. I have therefore reinvestigated this 
problem in two separate and largely independent samples of 


; - some 300 sources each, and report here that the alignment is 
present to a high significance level, provided that only the more 


distant sources are considered. The effect could be due to 
vitational imaging if most of the matter in a closed universe 
in thin filaments. 


In brief, the technique used by Willson is as follows. For a _ 
pair of radio sources one first determines the angular distance, 


D, me 


the sources are parallel; if X = %/ 2 they ari 


Given N sources with measured position angles, one may c 
late X(D,, D>) which is the mean value of X for all 7 
with separations between D, and D2. If there exists no ci 
tion of position angles, the distribution of X is uniform | 
0 and 1/2, and X(D,, Dz) =45° +45°/V3n,. ae 
Willson found that for all pairs with D> 10° in his sampl 
42° < X (D) < 50°. But for close pairs, X(D< 10°) = 36°, which, 
given his relatively small number of close pairs was about two. 
standard deviations below the expected mean of 45°. The proba- 
bility of a 2o fluctuation in his 11 separation intervals is about 
10% which is, roughly, the significance of the effect. En 
The first of the samples studied here consists of published 
maps of identified extragalactic radio sources. The sample con=: 
tains most of the 3C objects listed in the compilation of Laing 
et al? with the position angles taken from the references therein, : 
primarily from the Cambridge 5-km surveys” ’. The sample also 
contains objects from a published quasar survey® (mostly 4C 
objects) including more than 100 quasars observed at the Very 
Large Array (VLA) at resolutions of 1-2 arcs as well asa 
number of additional quasars compiled from earlier surveys”. 
Source position angles were measured directly from the maps. 
in most cases, and strongly distorted sources with ambiguous 
position angles were excluded. Following Willson an additional. 
selection criterion is applied to objects mapped with one 
dimensional arrays. A source is removed from the sample if it 
angular size is smaller than two north-south half-power beam- 
widths because inclusion of such sources would introduce an 
east-west bias in the position angle distribution. c is 
With these conditions the total sample consists. of 320 sou 
of which 177 are identified with quasars and 143 with radi 
galaxies. Carrying out the analysis described above, I find o 
a very marginal effect. For separations smaller than 5°, X ( 
5°) = 42.76°, which is a fluctuation of 1.330 below the expt 
value of 45°. But considering only the sources with redsh 
greater than 0.4 (191 sources) the results are quite. 
as seen in Fig. 1 which is X(D) binned in 5° intervals. Here we 
find that X(D <5) = 36.37°, which is a deviation of 3.40. The 
distribution of X for all sources with separations smaller the 
5° is shown in Fig. 2. This distribution obviously deviates si 
nificantly from uniform with more sources tending to be paralle 
From the Kolmogorov-Smirnov test!* the probability that th 
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= Fig. 1 The mean angle between radio sources in degree 
-. funétion of angular separation in degrees for all sources 
“3C-4C sample with z > 0.4. The average is taken over Soin 
nd the error bars indicate the + standard deviation for. 
distributi 469/35 where no isthe number. of pairs 
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Fig. 2 The distribution of X, the angle between sources, for 102 
pairs of sources in the 3C-4C sample closer than 5° on the sky 
and with z > 0.4. 


observed distribution of angles between closely separated sour- 
-ces is drawn from a uniform random distribution is 0.003. This 
-has been verified by Monte Carlo simulations in which source 
positions are unchanged but position angles are scrambled. The 
robability of finding such a large deviation over the entire 
range of separations (0°-50°) is roughly 10 times larger or about 
3%. 
As all sources in this 3C-4C sample have measured or esti- 
mated redshifts, it is possible to determine whether or not 
sources in nearly parallel pairs at close separations are at the 
same distance. There are 34 pairs in which the sources are closer 
than 5° and are parallel to within 20° (that is, D < 5°, X < 20°). 
‘he distribution of Az, the redshift difference between the two 
1embers of these pairs, does not differ significantly from that 
of 34 pairs drawn randomly from the sample. For only four of 
these pairs is Az<0.1. This implies that the nearly parallel 
sources with D< 5° which produce the effect are in general not 
physically close together. 
= -A second largely independent and more homogeneous sample 
s provided by recent VLA observations of more than 1,000 
ources selected from the third Bologna survey (B3) (R. Perley, 
-B. G. Clark, A. H. Bridle and G. Greuff, in preparation). All 
mapped sources lie within a narrow declination range (38°-48°), 
and the observations were done in a mode which assured a 
ircular beam with a half-power width of 14 arcs. Therefore 
there should be no systematic false effects resulting from an 
‘elongated beam. Of the mapped sources roughly one-third have 
tructure on a scale larger than the beam. Position angles were 
measured for 297 sources with simple double or linear structure. 
Most of the sources in this sample are unidentified so redshift 
estrictions cannot be made. 
„In the complete sample there is no tendency for alignment. 
‘For separations less than 5°, we find X(D < 5°) = 44.66°, which 
jg within 1 s.d. of the expected value. Although a redshift restric- 
tion is not possible for the B3 sample, an angular size restriction 
is in some sense equivalent. By eliminating large sources from 
sample, one eliminates nearer sources although the sample 
still contaminated by small nearby sources. If all sources larger 
2 arcs (three beam widths) are removed, the results are 
in. Fig. 3 which again is X(D) averaged in 5° bins. 
jugh there are only 94 sources smaller than 42 arc s, there 
till many close pairs because of the very restricted sky 
erage of the survey. Here again we see a very significant 
dency toward parallelism at small separations: X(D < 5°) = 
Jor a 3.20 deviation. Moreover, in this sample, the effect 
ament seems to extend to 10° with X (D< 10°) = 40.48%, 
leviation. The distribution of X for pairs separated by 
0° deviates from uniform at the level of 7 x 107° (data 
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Fig. 3 The same as Fig. 1, but for all sources in the B3 sample 
smaller than 42 arcs. 





Any subtle instrumental effect which might produce a spurious ~ 
alignment (such as, for example, some aspect of the telescope 
side-lobe pattern giving greater sensitivity for extended struc- _ 
ture in certain orientations) would be expected to show up as; 
a non-randomness in the distribution of position angles. In bothy 
restricted samples taken separately the distributions of posit 
angles do deviate somewhat from uniform at significance levels 
of about 10%. To test whether or not non-uniformity of the | 
position angle distributions of this order could result in apparent 
alignment of closely separated sources, I have generated random ` 
skys in which the overall distribution of position angles is exactly © 
the same as that observed; that is, the position angles are not 
scrambled but redistributed among sources. The frequency of 
chance alignments as significant as those observed is less than 
1/1,000 in both samples implying that the effect does not result 
from non-uniformity in the global position angle distribution. _ 
It is more likely that the small non-randomness seen in the _ 
position angle distribution is an effect of the presence of several _ E 
groups of closely separated well-aligned sources in samples of oe 
100 to 200 objects. ss 

The fact that the very pairs of objects which give the effect 
its high significance are widely separated in space (at least in 
the 3C-4C sample) implies that the effect arises along the 
line-of-sight. A possible explanation is gravitational imaging by _ 
superclusters'*. Superclusters seem to be generally linear struc- -> 
tures 10 to 100 Mpc in length'*, The amplification produced by. 
linear lenses is one-dimensional; the image of a background ` 
source is stretched in a direction perpendicular to the super- <= 
cluster axis. One-dimensional amplification of a group of ran- © 
domly oriented background sources can produce significant net. oe 
alignment if most of the matter in an Qo = 1 universe lies in thin. v 
(<1 Mpc) long (~50 Mpc) filaments’. : 

In view of the possible cosmological implications it is impera- 
tive that the effect should be confirmed. Remapping of the B3 
radio sources at a resolution of 1-2 arcs is underway at the 
VLA and should definitely establish (or rule out) the reality of 
the apparent alignment, An additional experiment would consist _ 
of mapping all the radio sources down to some low flux limit 
in a small region of the sky (a 3° 3° field for example). If the 
effect is real, then the distribu source position angl 
visiting the NRAO. 
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he presence of an excess of low-energy antiprotons in the 
imary cosmic radiation’~* has given rise to several possible 
explanations’, some of which involve exotic processes such as 
_ mini-black holes and extragalactic antiparticles. Here we con- 
Sider the latter possibility” and show that there are interesting 
~ implications for the cosmic radiation at higher energies. Indeed, 
- it may be possible to account for a previously puzzling feature 
. of the cosmic ray spectrum—a ‘bump’ in the range 10™- 
. 10°* eV—by hypothesizing a primary extragalactic origin for 
_ the bulk of the observed cosmic ray antiprotons, although such 
an explanation is not unique. In this model most of the cosmic 
rays above 10° eV are extragalactic. We prescribe a method 

_ of testing this hypothesis experimentally. 
_ One of the most fundamental questions in cosmology is the 
question of the existence of antimatter in significant quantities 
_in the Universe. Does antimatter have an equal role with matter 
in the makeup of the galaxies? This question has now become 
one of fundamental importance to physics also. In the contem- 
porary paradigm of grand unified gauge theories it is related to 
he question of the nature of charge parity violation at high 
energies’. Early attempts at constructing a baryon symmetric 
cosmology’ suffered from the difficulty of providing an effective 
_ mechanism for separating matter and antimatter on ultimately 
._ large enough scales to be consistent with astronomical observa- 
- tions. However, recent theoretical work based on the concepts 


— of grand unified theories (GUTs) has led to the development 
of a plausible baryon—antibaryon domain theory in which matter 


and antimatter are created in separate regions of survivable size 
to begin with (refs 9-11 and A. Mohanty, in preparation). 
~ Various observational aspects of this theory have been discussed 
previously’??? and the subject of baryon symmetric cosmology 


has been reviewed recently'*"5. It should, of course, be noted 


> that regardless of the ultimate fate of our present theoretical 
ideas either in favour of or against the reality of baryon sym- 
metry on an overall universal scale, the experimental search for 
imary cosmologically significant quantities of antimatter is a 
ask of deep significance. Further, both the recent theoretical 
work and the reports by various groups of surprisingly large 
fluxes of antiprotons in the cosmic radiation give immediacy to 
his search. 
The present status of cos 
and the attempts to uni 
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P Intensity (m? s sr GeV)! 


7 0.1 1 10 ~~ 100 


p Kinetic energy (GeV) 


Fig. 1 Observations and theoretical p spectra. The data points. 
are: B, from Buffington et al*; Bo, from Bogomolov et al.?; and. 
G, from Golden et al.. The higher points marked B take account | 
of solar modulation effects?*. The solid curve (S) is for the secon- 
dary p production model with mean propagation length 5 g cm™*,. 
and the dashed line corresponds to the shape of the Ð spectrum: 
calculated for a primordial black hole model?*. The higher solid 
line corresponds to our spectrum for the extragalactic primary. 
hypothesis as discussed in the text. “oi 


hypothesis has also been given recently”. Here we will disc 
further implications of potential basic importance to cosmic 
research and we will propose an experimental search programm 
based on these considerations. We start with the hypothesis tha 
the baryon symmetric domain cosmology leads to a flux of 
extragalactic cosmic rays consisting of roughly equal amounts 
of protons and antiprotons with the sources of these cosmic rays 
being primarily active galaxies'®’” and with helium and anti- 
helium nuclei being suppresséd by destruction processes in these 
sources’. (We will also assume that helium and antihelium nucle 
exist in the extragalactic cosmic rays at a lower level, suppli 
by leakage from normal matter galaxies and normal antimatte 
galaxies.) We further assume that the galactic wind is too wea 
to keep out the extragalactic cosmic radiation. Observat 
favour the interpretation that the galactic wind is in reali 
‘breeze”*®, | o A 

Let us first consider the energy spectrum of the cosmic ra 
ation. The measured spectrum of cosmic radiation can be. 
resented by a power law in energy of the form KETT with the 
spectral index '= 2.75 for several decades above the 10 Ge’ 
energy level. It seems likely that this radiation is produced 
primarily in galactic sources'””°. Furthermore, the source spec 
trum of this radiation is expected to have a lower spectral index 
l's, than that observed at the Earth which has been steepene: 
by energy-dependent propagation effects. A value for I’, of 
to 2.2 appears to be likely for two reasons. (1) Measure 
of the ratio of secondary to primary nuclei in the cosmic rad 
suggest that the mean lifetime in the Galaxy due to trapp 
the tangled galactic magnetic fields falls with energy 
where the most recently derived value?! of ô is ab 
(2) The theoretical shock acceleration models for co 
production that are presently favoured?” generally yield 
tion spectra with I, close to 2. PE 

If we assume that there exists a general acceleratioi 
ism for generating cosmic rays which acts in both: 
extragalactic sources to give a universal source sp 
, aS is now thought to be the case with shoc 
extragalactic cosmic ray component shou 
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_. Fig.2 The effect of extragalactic primary protons and antiprotons 
on the total cosmic ray spectrum according to the model discussed 
in the text. It can be seen that this model may account for the 
putative flattening in the observed cosmic ray spectrum near 
10'4 eV. I(E) is the particle intensity, in the units shown. 


spectrum. Thus, with the antiprotons assumed to be both 
primary and extragalactic and the bulk of the protons assumed 
to be galactic, the expected ratio of antiprotons to protons 
should increase with energy as E°. Taking 6 ~ 0.7, antiprotons 
could make up approximately 1% of the cosmic ray flux at an 
energy of =500 GeV and even ~50% at higher energies; this 
has important observational implications which we will discuss 
later. Figure 1 shows the present data on antiproton intensities 
and a theoretical extrapolation corresponding to a primary 
extragalactic antiproton flux with = 2.0. For these consider- 
ations, we assume that secondary production of antiprotons is 
‘unimportant (see, for example, the estimate given in Fig. 1). 

7 Figure 2 shows the effect of extrapolating the extragalactic 
ntensity of both protons and antiprotons (this introduces a 
actor of two) with a spectral index of 2 to higher energies and 
perposing it on the galactic cosmic ray spectrum with index 
['=2.75. Note that such an extrapolation implies that the 
i xtragalactic and galactic cosmic ray fluxes become comparable 
tan energy of ~10° GeV and that extragalactic particles pre- 
lominate above this level. It is interesting to note that the 
‘esultant flattening in the spectrum occurs at this particular 
energy (10° GeV) where there have been claims” of a flattening 
in the cosmic ray spectrum as inferred from measurements of 
xtensive air showers. It should, of course, be noted that a 
-steepening in the spectra of both the galactic and extragalactic 
components would be required by the observations for energies 
above 10° GeV but this is not difficult to explain. 

As our model indicates that the antiproton-to-proton ratio 
should increase with energy, measurements of the sign of the 
es of cosmic rays at the highest practical energy and the 
rmination of the spectra of the various charged components 
he cosmic radiation up to that energy will provide a test of 
hypothesis. Such a test requires that the experiment be 
‘ed above the atmosphere so that the incoming cosmic ray 
lei can be measured directly. Furthermore, the sign of the 
rged particles (and their magnitude) may be measured by 

a superconducting magnet. Such an experiment, with an 
ble energy of ~500-1,000 GeV, could be flown aboard 
e shuttle (T. Bowen et al., unpublished NASA research 
n addition, an emulsion stack experiment | could be 
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even at the reduced level implied by 

hypothesis. A polar or near-polar orbit would be desirable 
avoid the geomagnetic cutoff. In view of the almost impossible: 
odds of creating a secondary *He antinucleus, the unambiguov 
detection of even one such particle would provide irrefuta 
evidence of primary cosmic ray antimatter. (It should be noted” 
also that the production of 100-300 MeV antiprotons is à 
extremely difficult because of well known kinematical factors”. 
This feat has proved elusive even to accelerator physicists wh 
have deliberately set out in the laboratory to make such particles 
(C. Rubbia, personal communication). Thus, the observed low- =. 
energy antiprotons in the cosmic radiation are also quite difficult 
to explain as secondaries from cosmic-ray interactions. ) o 

The experimental programme proposed above should add to oo 
our basic understanding of p origin. If the p/p ratio is observed | 
to increase as ~ E”’, our hypothesis of extragalactic antiprotons 
from antimatter galaxies will receive strong support. The- 
observation of antihelium nuclei would be conclusive. The extent 
to which non-observation of antihelium disproves our hypothesis a 
is unclear, but if @/a<« 107° (the value expected very approxi- © = 
mately on the basis of @s leaking from ‘normal’ antimatter © 
galaxies), the difficulty would be severe. 

Non-observation of antihelium (at the level given above), 
together with an increase in the p/p ratio with energy at a slower 
rate than E° (for example, <E°*> between 10 and 100 GeV), 
would be consistent with the closed galaxy model (or source 
trapping), although there are severe theoretical problems*** 
with such a model. 

Finally, the observation of a p/p ratio falling rapidly witt 
increasing energy would support the black hole model of Ki 
et al.** (see Fig. 1). 

We thank Dr Jonathan Ormes for helpful dandon: 
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Volkova and Zatsepin’ were the first to propose the use of ay — 
‘Tevatron’ (a high-energy accelerator at 10° eV or TeV _ 
energies) to beam neutrinos » through the Earth to a mobile. 
detector and obtain X rays of the planet's. interior. The basi 
idea has been Sapsi for years on the pies ity of th e Ea 
iate en T 





r 1” *, the acceptance of what pliysicists refer to 
he standard toda 7in high-energy physics, and finally the 
ss Mw of the intermediate W boson in that model. The 
ouncement by CERN of the W boson mass®? (My ~ 

80. GeV) permits us now to draw certain conclusions. Although 
e shall demonstrate that neutrino tomography at planetary 
nsities is feasible, tomographic scanning schemes appear 

inrealistic in several respects. We shall address two sources of 
eutrinos for tomographic mapping of the densities, the Earth- 

‘based Tevatron and the neutrino sky. 

» Based on arguments from computerized tomography'”"?, 

`: group discussions'* of future elementary particle facilities’? (also 
-in presentations of satellite tomography, Fig. 1) pointed out 

«z that “X-raying’ the Earth with neutrinos cannot provide a proper 

¿< Solution to its composition and density for the same reasons 

> that single-projection X rays do not constitute an adequate 

` reconstruction for noninvasive imaging in medicine. Geophysical 
densities follow from the mapping of the Radon or Fourier 
transform of certain neutrino projections, and not from the 

-Volkova~Zatsepin scheme, as we shall demonstrate. 

_ Tomographic mapping of the Earth is illustrated in Fig. 1, 
sing deep underwater muon and neutrino detectors!®18 
DUMAND). It measures a known distribution of v radiation 

passing through an object, defining this as a projection y, and 

taking the Fourier transform F(u, v) of the Projection over the 
two-dimensional Fourier space (u, v). The inverse transform 
determines the densities. It has been described in detail'?14!°?! 
and, in fact, is directly related to the very long baseline inter- 

\ ferometry techniques used in radio astronomy?! -23, Two source 
tributions are depicted: a parallel-beam projection generating 
"planar slice of data F, through F(u, v) (Fig. 1a, b), and a 

fan-beam projection in Fig. 1c, d g generating a cylindrical slice 

| F, of data on F (u, v). Many multiple projections are required 

to map or ‘fill in’ the surface F(u, v). in Fig. 10. 

Treated mathematically, the mapping problem was first 

` addressed by Radon** who derived what has now become known 

< as the Radon transform. Tomography'®!?7°** can be defined 
as reconstructive imaging by means of the inverse Radon trans- 
| form technique, its relation to the Fourier transform having 

_ been extensively discussed'?*°?*?°, Whenever the Radon or 

_ Fourier transform is inadequately determined, its inverse cannot 

` be properly defined and the scheme is described as a mathemati- 

cally ill-posed inverse transform problem’. 

The Volkova~Zatsepin Tevatron scheme, also proposed*°*!, 

~ is illustrated in Fig. 1c, which shows that an infinite number of 


fan-beam measurements using an infinite number of detec 


or detector positions only maps one cylindrical slice F, of 
Fourier transform for the Earth-fixed Tevatron A. We concl 
from Fig. 1 that the geographically fixed Tevatron scheme o 
Volkova- ~Zatsepin, and its detector counterpart in Fig. 1d, con 
stitute ill-posed inverse Radon transform problems, and ther 
fore do not work'”’ except as X-raying schemes, which ei 
limited use in geophysics because. they do not determine t 
densities. (The mobility referred to in ref. 31 is for geophysic : 
prospecting, not for solution of the inverse Radon transform 
problem.) š 
The well-posed inverse Radon transform problem may be 
realized as follows. The source distribution must be known and 
measurable, and the neutrino source and detector must both 
rotate relative to the Earth, mapping an appropriate part of 
F(u, v). The dashed circle in the u-v plane of Fig. 1c, d can 
visualized as a fan-beam ‘bubble’ in momentum space locate 
beneath the Tevatron A in real space. As A moves ge 
cally, the bubble rotates about the origin of Fourier space ar 
maps F(u, v). Well-posed mapping schemes can be i impr vised 
from Fig. 1. = 
Having a well-posed scheme, the opacity of the Earth n 
be estimated. It can be determined from seismic models o 
Earth’s density distribution. Standard models have 
described by Press?” and Dziewonski and Anderson* 
mented by extensive work on the geochemical composition 
the Earth by others***’. We adopt the Dziewonski-Ande So 
preliminary reference earth model (PREM) here primari 
because it states explicitly- the radial density functions p. 1 
compatible with the Monte Carlo study of Press™”. The resi ts 
are given in Table 1 and illustrated in Fig. 2. Figure < 3a i will be 
used in the derivation. 7 = 
The PREM density distributions define zones or co 
shells**. Cords of path length L at angle y from the nadi 
chosen tangent to each shell at a depth d= a(1—siny 
a = 6,371 km is the radius of the Earth. By means. of 
coordinate transformation, line integrals were then perf 
along L to determine the total nucleon mass M = MỌ 
I cm? cylindrical column at angle y through the PREM 


M(4)= | p(w, L) dL 


(p in equation (1) is actually measured in v-tomography by th 
inverse Radon transform technique already described.) The tot 
mass was next divided by the mean mass per nucleon Ma 


Table 1 Neutrino tomography, from the PREM Earth model 


PREM zone uy L = niL 
(density g cm~*) (deg) (x 10%) (107 km) 0" em” 3) 


Central core 0.0 0.6600 
(13.09-12.70) 
Outer core 
(12.17-9.90) 
Lower mantle 
(5.57-4.38) 
Transition zone 
E (3.99-3.98) 

__ Transition zone 
(3.98-3.72) 
Transition zone 
(3.54-3.44) 
| Low velocity zone 
(2.69-3. 38) 


0.5362 1.2506 4.2877 


0.3770 1.0674 3.5511 


0.1774 0.5688 3.1183 


0.1634 0.5398 3.0273 


0.1084 0.4444 2.4385 


0.0694 0.3320 2.0900 


0.0180 0.1114 1.6191 


0.0128 0.0874 1.4669 


0.0024 0.0391 0.6150 


1TeV 10" 100” 


1.2742 5.1796 0.33 


% Attenuation 
(1-T/ 1p) x. 100 
1TeV 10° 


(Earth radii) 
i TeV 10” 100” 


yee, 9.8 48.1 6.7 1.6 4.1 
1.9 8.1 58.1 8.1 I: 33 
1.6 6.7 70.2 9.8 2s 2.4 
1.4 39 f L2 6 1.1 
5.8 32. IL. i 1.0 
4.6 102.2 4. 0.7 
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Fig.1 Neutrino tomography represented as an idealized problem 
of mapping the Fourier transform F(u, v) of projections of high- 
energy neutrinos v through the Earth. a, With the Earth fixed 
{@=0) in the inertial frame XYZ a v-detector S orbiting in the 

galactic plane could generate one slice F (u, v} of the transform 

in. two-dimensional. momentum space (ku k,) of Fourier space 
_ (#, v). b, The actual Earth rotates in the inertial XYZ frame 
- {@ #0) about the Z-axis shown, and for any Right Ascension 9, 
-Š would generate another slice F,, gradually mapping F(u, v). c, 
_ An Earth-fixed fan-beam scanning scheme is shown consisting of 
an accelerator A, beaming TeV neutrinos through the Earth to a 
mobile v-detector D. c Is mathematically ill-posed; it can generate 
only one cylindrical slice F, of points on the surface F(u, v), 
depicted by the dashed circle (a polar vector of magnitude a sin w) 
n the u-v plane of c d, Another ill-posed scheme using an 
_Earth-fixed detector D which scans the Earth’s interior while the 
Earth rotates about the celestial sphere. Schemes c and d pose 
acceptable imaging configurations only when A and D are moved. 


_€, Part of a well-posed global ring of collaborative Tevatrons, or 
` mobile positions. F is constructed by knowing that A, D, >f, is 
~ measured by the same fan or parallel beam. To visualize measuring 
_ the density of one point P* within the Earth, its contour of data 
_ on F(u, v) is the smallest cylindrical slice F* (that is, a smaller 
_ dashed circle like that in c) osculating with P* and the centre of 
_ the Earth. F* is measured by moving A on the surface and 
__ measuring values of F in c where it intersects F* while F rotates 
- around the u-v origin. 


- derive the number of nucleons n in the column L. That is, 
- A= M where m;,' = 6.029030 x 1073 g` 


















scattering 
m o, 1 are the neutrino’s opacity x, 
1ensionally as the product of o,, and N: 















_ The issue of critical importance in equation (2) is the energ 
dependence of o,,. At energies below 1 TeV, experimenta 
groups** *! have corroborated the assumption that o,. increases 
linearly with neutrino energy E,, 


On =0.67X107 E, cm? (3 


where E, is in units of GeV = 107° TeV. Equation (3) isknown | 
as the Bjorken scaling hypothesis****. It is shown graphically | 
as the dashed straight line in Fig. 3a, and is predicted by the- 
ordinary four-fermion theory of the weak interaction“. It is 
equivalent to the assumption that My = 00, and was usedinrefs. 
1 and 31. However, a fundamental tenet of particle physics is = 
that equation (3) cannot be valid at arbitrarily high energies, 
because it eventually violates what physicists refer to as the 
unitary of the scattering matrix****. It was shown*® that the 
deep-inelastic cross-section levels off logarithmically at higher 
‘energies due to virtual W boson propagator effects (equation 

(6.4) of ref. 46), | 





































On ~ log E, (4) 























instead of increasing linearly as in equation (3). 
Theoretical studies of neutrino cross-sections have shown the 
Bjorken-Paschos effect in equation (4) to be prevalent at tomo- 
graphic energies (10-10* TeV). Original concern was with the 
production of real W bosons*”~** by elastic scattering from target 
nuclei*’~*' (coherent) or individual nucleons***! (incoherent) 
at small values of the W boson mass (My ~ 5 GeV). As estimates 
for Mw increased (My,~ 80 GeV), the earlier results*? were 
revised°?-*4 for elastic W boson production while interest « 
tinued in the deep-inelastic case*?-52-55 where the target nuc} 
breaks up into hadronic debris X (for example, v+N >u +% 
It involved the production of virtual (not real) W bosons*!:5!- 
and was shown™'™t to be the dominant®2"*"* effect at the 
energies considered here. | a 
We adopt the values for Tn as those stated by Halprin” 
using the quark-parton distributions of Buras and Gaemers*!* 
for Mw = 80 GeV as announced by CERN®”, with a Bjorken— | 
Paschos logarithmic extension from equation (4). This is shown © 
graphically in Fig. 3a, which is the basis for Figs 2 and 3. (Had ` 
My, been much smaller, ey in Fig. 3a would level off as shown. 
by the dotted curve at a value too low for v-tomography to 
work for planetary densities.) hte i 
Tomography (Fig. 2) is concerned with the measurement ¢ 
the transmitted intensity I of neutrinos as compared with the 
incident intensity Io (refs 10,11). Ip must be known. These are 
related to « and A by | 






I= het = J, et> (5) 
as a function of path length L through the Earth. The attenuation 
is (1 — I/ Io) and is given in Fig. 2 as a percentage for 1, 10 and 
100 TeV using the PREM values. The Earth is still virtually 
transparent at 1 TeV, tomography of the core is possible at 
10 TeV and imaging out into the upper mantle is possible at. 
100 TeV, if we assume a minimum attenuation of 10% to 
account for measurement uncertainties. Surface tomography”! 
below 100 TeV at PREM densities appears meaningless (except = 
for very dense. anomalies there) because the mean free path = 
exceeds 5 Earth radii at that energy (Table 1). Bs 
Because tomography cannot be performed without a knowl- 
edge of the source distribution Ip, Tevatron tomography offers ere 
the distinct advantage that I, can be accurately measured and. 
controlled. On the other hand, we have seen that the inverse 
Radon transform problem requires an unrealistic, global dist 
bution of Tevatrons and DUMAND-type detectors. We n 
address the question posed by Fig. 1d of the existence of 
tomographic sky, treating v-tomography as a discipli 
astronomy and requiring only the detectors, Neutrino tomoegr 
phy might be feasible as an analysis of the nadir data cu 


lo determined from the zenith data cuts in neutrin 
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Fig. 2 Opacity of the Earth to neutrinos, derived from the PREM 
density model of ref. 33. The number of nucleons n in a cylindrical 
column 1cm? in area along a cord of length L is plotted as a 
function of the angle & from the nadir. From n and L a neutrino 
| opacity K is derived as a function of neutrino cross-section (shown 
in Fig. 3a) and therefore energy. The mean free path of the 
neutrino A=«~! is shown by solid lines, and the corresponding 
> percentage attenuation is given as the dashed lines at the same 
. energies. Tomography ‘works’ when the attenuation exceeds some 
: threshold value (assumed here as 10%, see ref. 18, p. 235) which 
-accounts for measurement uncertainties. Neutrino oscillations!" 
have been neglected. (An actual beam of neutrinos from an 
accelerator diverges, forming a conical frustrum whose volume is 
“approximately AL/3, where A is the area of the »-beam as it 
eaves the Earth; the number of nucleons n' in the beam’s volume 
“is n' = An/3. Although n’ is 10°°/3 times n for L=2a and A= 
1 km? using a m-meson source in ref. 1, mean nucleon density i iS 
unchanged. Tomographic resolution is sacrificed as nm’ increases 
for different v-sources.) 


-and Stecker”. The sensitivities of various detectors are derived 
«for My = 80 GeV, which is essentially an inversion of o,, in 
Fig. 3a to the appropriate flux ¢. The flux for a 10° ton detector 
at 1 TeV, assuming My =, is shown as œ, which calibrated 


> -our curve ¢ (Fig. 3), and from which followed curves b and d. 
~ We can see from Fig. 3 that a 10'' ton DUMAND detector can 
-feasibly measure 100 TeV tomographic neutrinos from the (dis- 


- log (b/(em*-s-sr}!) 
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| N 
GALACTIC) ~~ 
CENTRE \ 


My = 80 GEV 


a W 


E (TeV) 


Fig. 3 Natural sources of neutrinos for reconstructive ima 

the Earth’s interior density. The neutrino flux ¢ is shown | 
solid curves as a function of TeV energy, first compiled in refs 
and 59. The logarithmic energy scales are equivalent (the upy 
used in v-astronomy and the lower in particle physics). The dashe 
curves are detectors. ate flux $, at 1 TeV for the 10” ton detecte 
is 4.81078 om? st 5 . Inset a shows the neutrino—nucleo 
cross-section oa) aS a furiction of TeV energy for My, = 80G / 
and is not a part of the flux diagram. The values indicated at | 
10 and 100 TeV are taken from ref. 53, while those at 10° a 
10° TeV (35 and 45, respectively) are not shown because t 
validity of the Buras~Gaemers”® assumptions in that energy rang 
and beyond is questionable. For E, > 10° TeV, the curve is dash 
to emphasize that it represents only an extension of the B 
Paschos logarithmic term in the Buras~Gaemers-Halprin cro 


section at 1, 10, 100 TeV, and is unknown beyond 10* TeV. 


d, Detectors capable of measuring 1 count per day and they folloy 
from oyy in a and v-fux arguments given in refs 57-59., b Is 10 
tonnes and c is 10° tonnes, both of the type considered fo 
DUMAND. d, The flux sensitivity of one orbiting Shuttle exte 
tank (73 trips with 2,157 tonnes of water), as an illustration 
the unrealistic effort required for v-tomography from near-E: t 
orbit. : 


threshold in Fig. 3, might function as well for the 7 ) 
attenuation given in Fig. 2 at 100 TeV. : 
The flux in Fig. 3 is extremely low (1 event per da 
may be inaccurate by magnitudes. Unless an intense sot 
discovered in the neutrino sky, the galactic centre re 
varying source Io at low flux which means the data (fo 
Earth tomography) must be taken over considerable 
time. It is feasible but unrealistic. — | 
In conclusion, well-posed mapping schemes requir 
| tical distributio 1s of Tevatrons and neutrino de 


` tended) galactic centre. It seems less probable that a 10° ton 
“detector (which measures down to 10 TeV) could differentiate 
` these galactic centre neutrinos from atmospheric, co-rotating 
inos originating on the opposite side of the Earth and 
“through it. (Neutrinos from co-rotating sources, such 

the atmosphere and from cosmic rays colliding with the 
interior, can conceivably be cut from the data using tomographic 
rguments.) ay oy as yet undiscovered, promt source of 









‘seems out of the question (Fig. 2), requiring inor 
~(>100TeV) whose neutrino physics is little understood, 
although the non-invasive measurement of the density at one 
_ OF more points in the core is less remote. The true significance 
. Of neutrino tomography probably lies not in its implementation 
but in the importance of where it focuses interdisciplinary 
attention in geophysics”? and physics*”*5: the neutrino cross- 
sections*’-°5 (coherent and incoherent) for constituent sub- 
stances**"*’ at tomographic energies (10-104 TeV), although 
the neutrinos appear insensitive**** to the coherent nuclei at 
these energies (as was assumed here). The density at one point 
in the core or lower mantle is determinable, and such a study 
is feasible but impractical by this analysis. 
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to minimize solvent contact™". This view ha: recently been Ge ro 
challenged; much spectroscopic data!” have been 


construed'*~!” to indicate significant penetration of water into 
the cores of micelles. Here various models of micellar structure 
are critically tested against results from NMR and recent small- 
angle neutron scattering (SANS) experiments. Molecular — 
organization is found to be the consequence of Langmuir’s 


constraints among chain molecules at interfaces. The evider 


the micelles are nearly spherical and monodisperse’??? The 
intensity, Jp(q), of elastically scattered neutrons was measured — 
as a function of wave vector q = (42/A) sin (6/2), where 6 is 
the scattering angle and A (=4.75 or 5.00 A) is the wavelength — 
of the neutrons. Parallel experiments were performed on pro- | 
tonated micelles, from which J,,(g) was obtained. The scattering _ 
intensity is approximately separable into factors P(q),represent- ~ 
ing intramicellar structure, of interest here, and S(q), represent- 

ing the positional correlations of particles in solution; that is, 
I(q) = m P(q)S(q) where m is the number density of micelles*® 
The difference amplitude, A(q), of the scattering from the chair 
termini can be calculated from the measured intensities by — 


Al) = {UMP -AD ASO (1) 


the procedure for calculating S(q) is presented elsewhere!®2°. | 
Values for A(q) thus obtained from our experiments are shown ` 
in Fig. 1. The radial density distribution, Nmel(r), of termini per. 
unit volume throughout the micellar core can be derived from _ 
A(q) (ref. 18) 


A(q) za mi’? | 


0 


x 


Anr? bye Nyl) ( a z) dr 





(2) 
where bye = |beus~ bcpa| =3.12x10~? cm is the difference in 
scattering lengths. 

Various models of micellar core structure predict different 
radial density distributions, Nmelr), of the termini therein. 
Evaluation of equation (2) according to each model described 
below yields the set of scattering functions A(q) shown in Fig.: 
To calculate these distributions, it is convenient to consider t 
hydrocarbon core as being partitioned into discrete conce 
shells, numbered i = 1,2,3...,n+ 1, towards the centre. Ch 
are assumed to have n+1 segments. The ith shell contai 
N: = (42/3) [3(n +2—i) (n+1-i) +1] equivolume sites. 
site contains at most one chain segment. For chain 


ion,. sites must 
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Fig. 1 Small-angle neutron scattering amplitudes, A({q) against 
wavevector, g. Data from ref. 18, corrected here for interparticle 
interactions according to equation (1). Predictions (radial shells 
_ are numbered i= 1, 2, 3, 4, towards the micellar centre) are given 
by: (1) Radial chain model; 4, = 0, 0, 0, 1 (—"—). (2) Pincushion 
~ model; 4, =0, 0.563, 0.375, 0.062 (+++). (3) Interphase model, 

w = 1; t = 0.234, 0.414, 0.289, 0.062 (~—-). (4) Interphase model, 
w=0.5; ti =0.326, 0.370. 0.241, 0.062 ( ). (5) Interphase 
model, ash (identical to Cabane model**); t =0.438, 0.312, 
0.188, 0.062 -> ). (6) Oil droplet model; t =0.578, 0.297, 

0.109, 0.016 (——). 






















> represented by n+1=4. The end group density may be 
expressed as Nme) = (J/N) [(n+1)/R] t,, where t; is the 
raction of chains whose termini are in layer i, J; =82 is the 
‘number of chains per micelle, and R = = 18.9 A is the equivalent 
-spherical radius of the micellar core’? 
. The following models are considered: (1) The radial chain 
. model. Micellar chains are often depicted as radially aligned 
~ and largely all-trans***. Taken literally, this model would 
- require all termini to occupy the same element of volume at 
_ the core centre, in violation of volume exclusion constraints. 
~ That this model, which represents the maximum possible radial 
_. order and porosity of the core to solvent, is not viable is evident 
from comparison with the SANS and other results (see Fig. 1 
and refs 25, 26). 
(2) The pincushion model’ * admits of lesser—but significant— 
water penetration into outer regions of the core. For purposes 
= of calculation, we adopt a version of this model according to 


ji! 


is consistent with packing constraints. The core centre contains 
only termini. Sites in the surrounding shell are occupied by the 
ew radially-aligned bonds required to connect to the centre 
termini and are otherwise filled by chain termini: this shell 
contains no lateral bonds (that is, those normal to the radius). 
The next (third) shell is similarly occupied by forward steps to 
_ central layers and by the remaining termini. This and surround- 
ing shells may be further occupied by any distribution of lateral 
and forward segments and solvent molecules with no further 
bearing on the distribution of termini. Thus, this model rep- 
resents a class of configurations with water penetration of 20- 
60% of the outer layers of the core. This model is also in poor 
accord with the SANS data (Fig. 1). 
(3) In the oil droplet model>, the micellar core resembles 
.. pure, amorphous, liquid alkane. Accordingly, chain ends are 
distributed uniformly throughout the core, the number in each 
shell being proportional to its volume. This model overestimates 
‘the methyl density at the solvent interface (see Fig.1 and 
? f, 18). Other evidence shows that the chains in micellar cores 
e more ordered than in liquid alkanes'**°-*° 
(4) According to the interphase model??? 31.32, the core is 
lied exclusively by chain segments which are randomly dis- 
ributed except as required to preserve chain continuity and 
¥& excluded ae constraints. These requirements are 











constraints, chain segment orientation is otherwise random, fe for 


which chain ends are distributed as close to the core centre as. 


ough. application of a matrix 
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Fig. 2 *H-NMR disorder gradient measurements of potassium oe 
laurate micelles in the hexagonal phase against chain position from > 
the head group. Data from ref. 27 are multipled by 2 to correspond 
to the bond order parameter defined according to the interphas 
theory??*!: -—~, freely flexible chains, œ = 1; ——., ‘real’ chains, 
at o 699% rigid molecules, w > 0. The oil droplet model pre~ 
dicts § = 0 and the radial chain model S = 1 for all segments. 


groups are required to occupy the outermost shell of the core; 
the remaining sites of that shell are filled by laterally bonded 
segments. Other layers are similarly occupied by bonds which 
enter shell i from i—1, or by lateral bonds in i Subject to these 


freely flexible chains”’**. Real chains are not freely flexible, 
however. Their stiffness may be taken approximately into 
account through a statistical weight w, representing the a prior 
probability of a ‘bent’ bond pair relative to a co-linear pair in 
an isolated molecule*!**. With this refinement, freely flexible 
chains are represented by w = 1, rigid molecules by w > 0 and 
real polymethylene chains at T = 300 K approximately. by 0. 
w =0.5; predictions for these three cases are shown in Fig 
Since the interphase model requires complete filling of the co 
volume, then even for œ > 0, most chains are required to h: 
one bend; in this limit, the chain configurations are identical to 
those predicted by the simple micellar packing model of 
Cabane?’ s 

The results of the interphase model have been imt 
through an alternative formulation*** in which intramolect 
interactions are treated in the rotational isomeric state approx 
mation”, but in which steric packing constraints are represen 
through internal pressures which differ in each shell. The lat 
premise is unsatisfactory inasmuch as the requirement 
mechanical equilibrium is thereby violated; these pressure 
introduced to simulate packing constraints. The constraint 
modelled explicitly, however, by the interphase treatm 
described above. 

Interphase theory predictions are in good agreem 
experimental measurements of configurational. prof 
amphiphilic aggregates 7!777°-°7-°°, We have pre 
that one prediction, however, has been in di 
experiment’; here that issue is resolved. The inte I 
for freely flexible chains. predicts that the order should increase 
towards the chain ends in micelles (see the dashed curve in 
Fig. 2; see also ref. 22). 7=H-NMR experiments with perdeuter- 
ated chains in hexagonal phase micelles?” show the reverse, that 
there is increasing orientational disorder towards the terminal 
groups. This closely resembles the ‘disorder gradient’ in bila 
membranes”!*’, Recent refinement of interphase the 
shows that orientational order in micelles depends mark 
chain stiffness, neglected in the earlier approximation? 
pare the solid curve in Fig. 2). Intramolecular interactic 
contribute significantly to micellar chain organization 
for planar bilayers the disorder gradient depends prima 
intermolecular constraints”? 

There is broad support for the view that water is 
excluded from. the interior at micellar hydrocarbon col 










































Fig. 3 Representative configuration of a 38-chain spherical decanoate micelle according to the interphase theory??7!, Computer graphics 

were performed with a modified version of SPACFIL at Molecular Design, Ltd. The micelle was constructed by configuring chains on a 

spherical lattice, then applying a nonlinear least-squares method to best fit vectors, representing C-C bonds between methylenes, through the 

appropriate lattice sites. a, Outside surface. Head groups in green, methylenes in black and terminal methyls in red. Much hydrocarbon, 

including some chain ends, is exposed to solvent. b, Micellar interior; front hemisphere removed. Red molecules terminate near the surface, 

blue ones midway to the centre and black ones at the core centre. In this view, chain disorder, distribution of termini and density of packing 
are evident. 






rated by the results of Fig. 1 showing that the differential SANS of termini and the extent to which hydrocarbon segments, 
data are best modelled by dry hydrocarbon core configurations. including chain ends, are exposed to the solvent at the core: 
The strongest support for this view, however, comes fron SANS interface. ee 
contrast variation measurements of absolute scattering length The structures and properties of micellar aggregates are thus 
density'***. In a series of independent measurements!®. lithium found to be the consequences of: (1) Langmuir’s principle of 
dodecyl sulphate micelles with mean aggregation number of 78 differential solubility, according to which hydrocarbons are 
‘were shown to have a hydrocarbon core volume per molecule sequestered into a core devoid of water surrounded by the polar 
(28,085/78 = 360 A*) equal to that of a pure dodecyl chain*. heads; (2) the principle that steric forces predominantly deter- 
Moreover, the measured scattering length density of the core mine the structures of condensed phases**; and (3) the statistical 
p= -3.8 x107 Av?) is exactly equal to that predicted for a mechanical principle that degrees of freedom of equal energy 
y core consisting exclusively of dodecyl chains (be; = —1.37X (in this case, of the intramolecular chain configurations) are of 
“12 em; thus p = -1.37x 1074 A/360 A? =—3.8x 107? A~*). equal likelihood. ge 
iese experiments could have readily detected one D-O We thank the NIGMS, NSF and ACS Petroleum Research 


- molecule per amphiphile in the core. X-ray diffraction experi- Fund for support. 


: ments? are more equivocal because they only provide relative Note added in proof: In a recent study’, it is claimed that 


‘densities. The preponderance of support for the alternative micellar chains form ‘loops’, with termini 200 times more 






view » that there is water penetration, has come from exposed to solvent than internal segments. Those results have 
_ spectroscopic experiments, in which water-insoluble probes in no bearing on unperturbed micelles, however, for the SANS Bsn 
_ micellar solution have been found to reside in a partly aqueous results presented here would have detected even a small degree 
environment? 7041. The two alternative interpretations of of looping, and showed none. In that study, termini and internal 


these data are that the probes and water may associate either groups were double bonds on probe molecules of significantly 
in the core or at the different lengths. Neither the locations of those molecules nor 
: their double bonds with respect. to any micelles. present were 
inter known. Double bonds are attracted to water? and chains of 
‘Micelles shows that the segments of the micellar chains similarly different lengths prefer different phases; few extrinsic probes 
reside in a partly aqueous environment®. This result should not of micelles are innocuous! *, | 
be surprising, however, for nearly 60% of the chain segments 
in small micelles are at the surface’. Recent interphase theory | . ee ae. ee 
calculations predict quantitatively the degree of water contact Plena, Ne faciant in Salution Vol.3 (eds Mittal, K. L. & Lindman, B.) tees J" 
f each of the chain segments as measured in the E-NMR . Hartley, G. $, Aqueous Solutions of Paraffin Chain Salts (Hermann, Paris, 1936), Y 1 
e of chain segments at the core interface. We conclude . Israelachvili, J. N., Marcelja, $. & Hom, R. G. Q. Ret Biophys. 14, 121-200 (1980), — 
ellar hydrocarbon cores are virtually devoid of internal Ried iC ENa DG a a ke ae h sere Ra ! | 

ut that substantial hydrocarbon/ water contact occurs p Rodgers MAA, tp Chon ‘a8. 3479-3374 (98h ee iki 

Phics representations of the interphase model -|y fadntvis.N.& Engbens, 1 B.F. N.. st 982), 
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Synchrotron X-ray diffraction 
from a 800 pm’ zeolite microcrystal 


: P. Eisenberger, J. M. Newsam, M. E. Leonowicz 
-& D. E. W. Vaughan 


Exxon Research and Engineering Co., Route 22 East, 
Annandale, New Jersey 08801, USA 


The brightness of synchrotron X-ray sources, which exceeds 
that available from conventional generators by many orders of 
- magnitude*~’, provides the possibility of making conventional 
measurements on much smaller samples. We describe here 
_ measurements of Bragg diffracted intensities from two micro- 
crystals of cancrinite, a typical zeolite, performed in order to 
ssess the scope of microcrystal diffraction. Our results demon- 
rate that many materials previously regarded as polycrystalline 
can now be studied using well established single-crystal methods 
at synchrotron facilities. 
| Crystals of basic/nitrate cancrinite*’’ were selected from a 
hydrothermal crystallization batch (F. W, Webster and E. A. 
_D. White, unpublished) that contained specimens ranging in size 
_ from several micrometres up to millimetres. Cancrinite is a 
- typical zeolite with an open structure built of atoms of low 
atomic number [actual composition in this case NasAl,SigQ>4. 
0.33(NaNO3). 1.22(NaOH). 2.2(H,O)] and with some struc- 
tural imperfection. It therefore provides a near ‘worst case’ test. 


= One of the larger crystals from the batch had been measured 


o on a conventional CA D-4F diffractometer? , enabling us to make 
-a direct correlation between measured intensities and structure 
factors of known magnitude. The cancrinite structure has 
hexagonal symmetry and the crystals generally had needle-like 
orphologies, the long direction coinciding with the unique 
ystallographic axis. This elongate characteristic allowed the 
001 direction to be defined visually in an optical microscope, 
the selected crystals being too small to align by conventional 
X-ray photographic techniques. Two crystals of approximate 
imensions 35 x = x25 um ne and 20 x10x4 yn (no. 2 


4 ~, Detector 


Paii 


“ 


f 


Adjustable Slits 


: A 
! A incident Beam Monitor ` 
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Crystal Adjustable Slits 


Fig. 1 Schematic diagram of the experimental arrangement: The 2 
evacuated boxes housing the adjustable slits and the beam monitor 
arrangement are shown. Because of the beam polarization, the 
scattering plane is vertical and the crystal orientation was chosen. 

such that the c* axis would lie in this plane at y ~ 0° (as indicated). 


outside diameter, cut to 1 cm long, mounted on eucentric 
goniometer arcs and aligned so as to rotate about a direction 
perpendicular to the long axis. 

Measurements were made on the 4-circle Huber diffrac- 
tometer located at the VII-2 Wiggler line at the Stanford Syn- 


_chrotron Radiation Laboratory, Stanford’, during the tune-up 


period after the summer shutdown, so that the beam condition 
was rather poor (see below). On the VII-2 beam line, 4.6 mrad 
of arc can be viewed by the mirror which focuses the beam at 
the sample position, After the mirror, a mean incid 
wavelength of 1.74 A was selected from a pair of paralle 
asymmetrically cut Ge(111) crystals. Both incident and diffra 
ted beams were collimated by evacuated adjustable slit syste 
(Fig. 1). The arcs with the cancrinite crystals were mounte 
directly onto the diffractometer, the only adjustment made bein 
that of sample height. No particular precautions were taken t 
minimize the background. 

At the chosen wavelength, we had access to two significin 
001 reflections, l=2 and I= 4. The configuration was chosen 
that the c* axis would lie in the scattering (vertical) plane (Fi 
1). The crystals were rotated about the spindle axis with | 
detector set at the 002 position until Significant intensity w 
observed in the counter meter. The reflections were then centred 
incrementally in each of the circles. In both cases, only mino 
adjustment of the y-circle was necessary, demonstrating th 
effectiveness of the initial optical alignment procedure. Table 
summarizes the data obtained in radial and rocking-curve: scan 
of the crystals, while scans of the smaller crystal are plotted is 
Fig. 2. For the larger crystal (no. 1), we also made a scan alon; 
00/ from | = 1.990 to 3.015 which indicated that both satellite 
and the 003 reflection have structure factors of less than 0. 
electrons. 

The total energy, E, reflected by a crystal volume ôV as it is 
rotated through the region of a Bragg reflection Aki is ( see, for 
example, ref. 10) , 


a 2 
E=) 4 
4aregmc? 
We have used this expression to estimate Jo, the incident photo: 
flux within the resolution element sampled, from the i 
intensities given in Table 1. The results are given in 
Considering the poor beam conditions, the errors as 
with estimating E (Table 2) and the crystal dimens 
above), the agreement between the three ede pendent 
is reasonable. | 
The measured background levels were low. For ex m 
h=0, k=0,1=2.1 (well away from the central Brag 
the backgrounds were 2.4 (no. 1) and 0.7 (no. 2) cot 
Ha On the edge of the wings of the Bragg peak 
f th X 


sin 28 w 





Ea Rocking Curve 
-FWHM = 0.062° 


19.603 


Radial Scan 
FWHM = 0.061° 


Counts in 6 S- 


1.988 1.922 1.996 2.000 “2.008 2.012 


Fig. 2 Scans through the 002 reflection from the 800-pm°* can- 
crinite crystal (no. 2). The upper, rocking curve indicates the mosaic 
spread of the crystal. 


(no. 1) and 6 (no. 2) counts s ', We believe that the background 
levels could be further reduced by improved crystal mountings, 
optimized collimation and use of evacuated or helium flight 
„paths. (Background rates as low as 0.1 counts s”' have been 
achieved in similar experiments on this beam line.) 

` The size of the smallest measurable crystal will depend on 
the structure factor (SF) and the counting time allowed to reach 
“a specified signal-to-noise ratio. We will adopt, for illustrative 
"purposes, a very weak SF of 10 electrons, and 100s to achieve 
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Fig. 3 The minimum crystal volume, Vmin that is required to ~ 
provide a peak count rate of 1 count per electron” per s plotted 
against the rocking curve width or crystal mosaicity, Aw”. The 
800-~m* cancrinite crystal provided 0.26 counts per electron? 
pers (marked). The upper (solid) lines refer to the conditions 
under which the present measurements were made. The lower — 
(dashed) lines represent the performance expected if an anticipated 
gain in flux of 2 10° is realized (see text). Extrapolation of these — 
curves to Aw = 180° (corresponding to uniaxial rotational disor- . 
der), to peak broadening in the second dimension (representing a 
random collection of crystallites or ‘powder’ sample), and finally 

to peak broadening in 26 space permit the estimation of the- 
minimum sample volumes {SV nin) required to provide 1 count 
per electron’ per s at peak from other types of sample (right-hand . 

portion of figure). SS 


1% statistical accuracy at the peak position. Since in 100 s` 
background (at 0.1 counts s_') is expected to be only 10 cou 
it can be ignored but larger background rates can obvious 
increase the minimum measurable volume. In our experimer 
we recorded equivalent to 0.26 counts per electron” pers ¢ 
one-quarter of the required accuracy. A complete data set 
high precision could thus have been obtained froma 3x 10° p 
crystal in the conditions of the present experiment. eT 

In optimized beam line conditions, use of a shorter X-ray 
wavelength and the new Wiggler beam line, one would obtain 


an enhancement of flux of 2x 10°-2 x 10°, with a concomitant 


reduction in the minimum measurable crystal volume. Thus, in. 
these optimum cenditions, complete high-precision data sets. 
could be measured from crystals having volumes less than 1 pms 

It is the brightness of the synchrotron source, the incident 


Table 1 Data from radial and rocking-curve scans of crystals ` 


rain rth 


Reflection Type 


002 w~-26 
002 
004 
004 
002 
002 


Scan no. ‘Crystal 


BA ee mee pud puut pk 


-* Normalized to counts s`. 


Crystal volume Reflection 


13,000 10°!" 002 
13,000 « 1077" 004 
800% 107'* 002 


Back ground* 


we ranteanna nineiam 


Peak* 


1.1 x 10° 
11x107 


Intensity“ 
8.0 x 10° 
18x10% 
7.2* 10° 7.8% 10° 
7.2107 —4.2*10° 
6.9* 10° 2.1* 10° 
62x10 = 84x10? 


w(rads”') E 
2.424 107° 9.55* 10° 
1.897x 10° 1.53x10°. 54x10 
1.505x 10° 6.36 10° 3.53107 
aken to be that meas 
is the integraice 



















phot resolution element, that is 

in this application. At the optimum, the sample mosaic width 
would match the intrinsically high resolution of the source, but 
“for the crystals studied here, which we believe to be fairly typical, 
_ the mosaic width (0.062°) is four times greater than the inherent 
beam divergence (0.014°). The narrowing in the peak width 
that would accompany an improvement in crystal quality would 
enhance the peak count rate and hence further reduce the 
‘minimum required sample volume (Fig. 3). To push the tech- 
- Mique to its size limit, crystals with a high degree of perfection 
~ will be required, although in this size regime one might expect 
-that the smaller the crystal size, the greater the likelihood of 

crystal perfection. | 7 
In many fields great importance is attached to structural 
characterization and to proper interpretation of the interplay 
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Propagated temperature changes 
during onset and 
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~ EI Niño is the appearance of anomalously warm sea surface 
: temperatures along the coast of Peru. El Nino is also associated 
_ with changes of sea level and thermocline depth which are linked 
to a large-scale interaction of the global atmosphere and tropical 
ocean’, Linear wind driven theory suggests that Kelvin waves 
_ are responsible for the El Nino thermocline displacements’, but 
_ in model systems it is difficult to relate thermocline changes 
induced by Kelvin waves to the observed changes in sea surface 
temperature’. We have now examined daily sea surface tem- 
peratures along the coast of Peru and subsurface temperature 
records from the Galapagos and 10° S and 79° W (Fig. 1) made 
during onset and recovery of the 1982-83 El Niño“. Our data 
Show that the onset of the anomalous warming in this region 
propagated at speeds slower than Kelvin wave speeds. The 
speed of travel calculated from changes in temperature from the 
Galapagos to the coast of South America and then poleward 
along the coast is extremely coherent, and during onset appears 
to be related to advective processes. The rapid decrease in sea 
surface temperature associated with recovery from the 1982-83 
_. El Niño was propagated at much higher speeds, very suggestive 
of Kelvin wave dynamics. 

© In 1894 Eguiguren? noted that there was a correlation 
‘between the rainy years in northern Peru and warm ocean 
temperatures associated with the years in which the El Nino 
current was of unusual strength. Half a century later Bjerknes” 
linked these episodes of warm sea surface temperatures (SSTs) 
-to large-scale meteorological events associated with the 
Southern Oscillation’. Recently Wyrtki? has argued that El 
iño is a dynamic respo 

arge-scale wind forcing; 







the key parameter a 













between structure and properties. Althoug! 
diffraction data are generally required for struct 
detailed refinement, many materials do not occur 
single-crystal form. This has prompted widespread inte 
the development of techniques for using powder data ino 
ing structures that are already approximately known'?, ` 
powder data, particle-size broadening effects generally beco 
apparent for average particle dimensions less than 0.2 pm. Our 
present results indicate that polycrystalline samples in which 
such effects are not observed can in many cases be regarded as 
large selections of possible candidates for structure solution and 
analysis using single-crystal techniques at synchrotron facilities, ve 
Note added in proof: Bachmann et al.'? recently described _ 
measurements on a CaF, microcrystal at DESY. Their con- 
clusions are similar to those presented here. | vce 
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Observations have shown that changes in sea level propaga 
rapidly from the western Pacific to the east along the Equa 
and then poleward along the coast of Peru”’®, Linear w 
driven theory suggests that these changes result from packet: 
Kelvin waves that are excited by anomalies in the trade w 
field in the western and central Pacific’. Theory also suggests 
Kelvin waves are responsible for the El Niño thermocline 
placements. Analysis of the daily temperature changes in | 
and 1983 conntribute to a description of the dynamic charac 
tics of El Nino and provide an interesting complement to 
theory. | Sa 

Temperature observations made from piers at Paita {5 
Lobos de Afuera island (7° S}, Pimentel (7° S), Supe (11° S) 
Callao (12° S) are shown in Fig. 2. The Paita measurements 
made at 0800 h daily while the others are averages of meas 
ments made at 0600, 1200 and 1800 h daily. The Paita, Lob 
de Afuera and Callao time series (Fig. 2a) show that the 
ation of the temperature rise at these locations occurred on 
September, 29 September and 18 October respectively. T 
speed of propagation of these temperature rises, assur 
straight trajectories is 43.6.cms”' between Paita and Lobo 
Afuera and 42.3 cms™' between Lobos and Callao (Tab 
Smith’' reported that temperature measurements from a 
of 100 m on a current meter array located over the 150 mi 
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_ Fig. 2 Daily sea surface temperature observations made from 

piers at a, Paita (5° S), Lobos de Afuera (7° S) and Callao (12° $); 

_ and b, Pimentel (7° S) and Supe (11° S) during onset of the 1982-83 

O El Niño. Arrows indicate beginning of the temperature rise used 

to calculate propagation speeds. 





-at 10° S showed the beginning of a change in temperature on 7 
„October. The temperature rise at the surface at a station offshore 
f Paita which is occupied tri-weekly over the 100 m isobath was 
irst. detected on 22 September (no observation made on 21 
ptember). The propagating speed between the Paita offshore 
tation and the 100 m current meter at 10°S is either 43.9 or 
6.8cms™'. Interestingly the poleward current at 100m 
nereased in speed from 19 to 36cms™? between 6 and 7 
October'’, a velocity similar to our calculations of the speed at 
which the onset of the temperature increase propagated. 
-Figure 3 shows the temperature time series from the Paita 
offshore station at 5°S and 81°17’ W and a parallel station 
maintained at Santa Cruz island at 0°47’ S and 90°17’ W in the 
jalapagos. The beginning of the temperature rise at 60m in 
1e Galapagos occurs on 23 August, in agreement with other 
ports from the islands that warming there began in mid 
gust’*. Assuming a straight line path directly from Santa 
ò Paita (Fig. 1), the speed of travel of the temperature 
is 42.4cm s~; assuming a maximum distance path along 
e ator to the coast and then poleward down the coast the 
eet velis60 cm s~', a speed used to describe the eastward 
Propagation of the equatorial zonal SST gradient!3. 
scond feature of the SST records from the Peru coast is 
_ that the increase in temperature at Pimentel (7° S) and Supe 
(11° S) (Fig. 2b) lag the other coastal stations. The calculated 
_ Speed of travel from Lobos de Afuera to Pimentel (Fig. 1) is 
















_Table 1 Travel 
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- 23 September 
29 September 
21 September 
22 September 
23 August 


On 


Lobos pier 
Callao pier 
Current meter 
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speeds of the appearance of the anomalous warming between locations shown in Fig. 1 
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Fig. 3 Tri-weekly temperature observations from 60 m at Paita 

(5°05'S, 81°16 W) and Puerto Ayora, Santa Cruz Island, 

Galapagos Islands (0°47' S, 90°17’ W). These locations are over 

the 100 m isobath. Arrows indicate beginning of the temperature 
rise used to calculate propagation speeds. 
























5.1cms~'. Mean onshore currents of 5.0cms~! have been 


measured on the coast of Peru’*; this velocity is surprisingly 
close to the calculated speed for the cross-shelf travel from 
Lobos de Afuera to Pimentel. Upwellin g favourable winds along 
the coast of Peru remained strong throughout December 1982?", 
so it is appropriate to assume that a typical cross-shelf upwelling 
circulation was maintained. Additional evidence for cross-shelf. 
propagation of the temperature changes comes from the Pai 
offshore station which is 7 km from the coast. At the station 
the rise led the rise at the Paita pier; however, the tri-weekly 
sampling does not permit a precise calculation of travel speed — 
over this short distance. __ É 

The lag in the temperature rise at Supe (11° S) is difficult to | 
account for. If we assume that a route directly across the shelf 
from the 200 fathom contour (Fig. 1) then the speed of travel 
of the rise is calculated to be 4.6 cms~'. However, there is no 
reason to restrict the poleward undercurrent to the shelf break 
as observations during 1977'° showed the undercurrent was on 
the shelf at 10° S and 12°S. The lag observed at Supe suggests 
that the local circulation must have shielded this location. 

The mean SST field for this region in September!® shows that 
there is a relatively small offshore gradient of SST (17 to 19°C 
in 100 km) so anomalous onshore surface transport would not — 
result in a significant temperature signal, but there is a strong |. 
(17 to 25°C in 100 km) gradient in the alongshore dimension 
equatorward of Paita. The September 1982 rise in temperature 
at Paita shows an increase in temperature in a period of a few 
weeks which is similar to the mean alongshore gradient in that ` 
region. Large-scale horizontal temperature distributions!” for a 
the latter part of 1982 do not show significant changes until ~ 
November, well after the temperature increases were observed 
at the shore stations. Our interpretation of this large-scale 
temperature increase in November 1982 is that it results from 
movement of the equatorial. front southward; temperature, | Bee 
salinity and nutrient observations'* support this interpretation. a 

The speed and spatial extent of the decrease in SST and 
subsurface temperatures associated with ¿recovery from the 
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Fig. 4 Tri-weekly temperature observations from 60 m at Paita 
(5°05' S, 81°16’ W) and Puerto Ayora, Santa Cruz Island, 
Galapagos Islands (0°47 S, 90°17’ W} and daily sea surface tem- 
perature observations made from piers at Paita (5° $}, Supe (11° S), 
and Callao (12° S) during recovery of the 1982-83 El Niño. 


: 1982-83 El Nino are impressive. Figure 4 shows time series of 
temperatures from Galapagos (60 m), Paita (60 m), Paita, Supe 
and Callao during the recovery. Temperatures at 60 m in the 
Galapagos and Paita and SST from Paita, Supe and Callao drop 


almost simultaneously. From Fig. 4 it appears that recovery at. 


60 m in the Galapagos leads the Peru coast recovery and that 
recovery at 60 m at Paita leads the surface recovery at Paita. 
From 15 to 17 June there is a 6 °C temperature drop at 60m 
at the Galapagos, and a similar drop (6 °C) is observed at the 
Paita 60 m station between the 17 and 22 June. Assuming a 
minimum distance path a propagating speed of 254cms~! is 
calculated; assuming a maximum distance path following the 
coast and Equator the speed is 345 cms’. This velocity domain 
is suggestive of Kelvin wave dynamics. 

The 1982-83 El Nino differed from the canonical event 
described by Rasmusson and Carpenter’ in that onset was some 
6 months later in the year, so that during 1982 the anomalies 
-in temperature along the coast of Peru appeared in September 
as opposed to February; this is important because the tem- 
perature fields off the Peru coast during September and 
February’® are very different. The remotely forced perturbation 
in 1982 was, therefore, ‘received’ by a different thermal regime 


han t the canonical event. Analysis | of the dayo day tem- 
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A wetter climate 
in eastern Sudan 2,000 years ago? 
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Within the past 15 years accurate radiocarbon dating and 
microfossil analysis of tropical lake sediments in Afri 
elsewhere have revealed that the early Holocene 
was generally wetter than today throughout the troy 
contrast to last A sgecenh maximum (18+ 2 kyr), whi 
dry and windy” Desiccation beginning ~ 4.5 kyr 
Neolithic herders to abandon previously habitable Old 
deserts’~’, Less well known is the climate of proto-histori 
(~2 kyr ago), when iron-smelting became important in A 
Here we present the first evidence that the Red Sea Hil 
somewhat wetter at this time and suggest that this was also 
of much of northern Africa. : 
Prompted by an early report of sub-fossil land and pon | 
at Erkowit'! in the arid Red Sea Hills of Sudan, we t 
collected, identified and dated freshwater molluscs from 
alluvial clays which line the main valley near the original si 
The mollusc and ostracod assemblage in all our sample 


consistent with perennial stream flow some 2,000 years 


an area now devoid of permanent rivers. The Erkowit plat 
lies at 18°5’ N, 37°10’ E in the Red Sea Hills of eastern Sud 
(Fig. 1). It rises. over 1,200 m above the Red Sea, from wl 
come frequent winter mists that help sustain sporadic Euphorbi 
candelabra and other evergreen Ethiopian upland plants? - 
Annual rainfall at Erkowit is ~300mm, with twin peaks ir 
January and August’*’*. The surrounding country is 1 uc 


Up to 6m of shell- -bearing, alluvial clays are expose ir 
ephemeral stream channels like Khor Harasab where they over 
lie coarse angular gravels (Fig. 2). In nearby tributary gulli 
the clays sit unconformably on Basement Complex 
Mantling the clays are sands up to 2m thick, whic 
being laid down. Over-grazing has led to gully erosion 
1920s'', with exposure of the fossiliferous clays. - 

In addition to the freshwater molluscs Melanoides 
and Bulinus truncatus, both of which are common ir 
Nile, Tothill’? collected two other species of aqual 
from the Erkowit clays (Table 1a). We have ide 
species of aquatic snails scattered through the clay 

‘able e 1d), but no land snails, i in contrast t to Tothill 

















We fo found snes catered through the upper 4 m of alleviom, 
vith rather more Melanoides and Biomphalaria near the top 
ind bottom of the deposit (Fig. 2). The two '*C dates were 
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Fig. 1 Map of the northeastern Sudan showing location of 
rkowit at the eastern margin of the Red Sea Hills. Crosses denote 
roitic sites (~2,000 yr BP), dotted lines are major ephemeral 
ream channels; land above 1,000 m is dotted; Roman numerals 
are Nile cataracts. 
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| ‘etching with dilute hydrochloric acid, SUA-1 794 \ was Coe 


A Melonomes tuberculata (Miter) ct. dautzenbergi Pilsbry 


Brown and Von Eeden 





for 1,760 min, and SUA-1795 for 5,000 min. Only Melanoide 
shells were dated. Each sample was tested by X-ray diffracti 
for recrystallization, using known proportions of powdered cal- 
cite and aragonite as standards. As a further check, we also. 
tested shells of Melanoides collected alive from the lower White | 
Nile and from Lake Lyadu in the southern Afar Rift. Despite 
the unavoidably small samples used for dating, we consider the 
ages reliable. The lower shell bed dates to 1,710+160 yr BP 

(SUA-1794), the upper to 1,900 +110 yr BP (SUA-1795). oe 

Of our ostracod assemblage, most species of Cyprinotus and 
Darwinula live in fresh water, but some are found in oligohaline 
to mesohaline water; Canodopsis is a freshwater form; and most 
Ilyocypris species are mud-dwellers'® EEE 

Living non-marine charophytes inhabit fresh and brackish == 
water’’. They usually grow submerged in fresh standing water 
upon a muddy or sandy bottom, and often form extensive 
ae meadows that may extend to depths of at least 
10m 

Of the molluscs, Lymnaea produces gelatinous eggs which 
dry up when removed from water. Adults can move outside 
water, but they are essentially aquatic as reproduction is imposs- 
ible except in water. Modern habitats range from muddy or 
stagnant ponds and marshes to shallow, fast- -flowing streams 
and lakes?°*!, Melanoides is a wholly aquatic river or lake 
bottom species?” “24 but can survive in very shallow brackish 
water, albeit in dwarfed form, as in the eastern Afar desert. : 
Lentorbis junodi lives in slow-flowing streams and marshes”* 
Gyraulus connollyi occurs today in stony orv acne streams! 
in the temperate uplands of southern Africa’ Biomphalaria 
pfeifferi inhabits stony and vegetated streams**, seems intolerant © 
of very high temperatures*””° and, unlike B. sudanica*’** is 
not found living in small seasonal pools or large swamps. 

From the fossil evidence we infer that there was. sufficient 
water on the Erkowit plateau towards 1,700-1,900 yr BP to 
sustain permanent stream flow in a landscape more densely 
vegetated than today, with flat-floored swampy meadows in the 
valley bottoms flanking mixed-load streams that were actively 
aggrading their channels with sandy or silty muds. More endur- > > 
ing rains during both winter and summer may have raised — 
groundwater levels to the point where perennial base flow 
became possible. Py 

Was the wetter climate at Erkowit a purely local 
phenomenon? We think not, as several independent lines of- 


























Fig.2 Stratigraphy and local geomorphic con- 
text of the Erkowit. shell-bearing clays. The 
ostracods are Ilyocypris sp. (H), Cyprinotus sp. - 
(Cy), Canodopsis sp. (Ca) and Darwinula sp. 
(Da), Broken arrows denote scattered distribu- 
tion. The star denotes Chara sp. A and B. 
_ Bedding is massive (open dashes) or flat (closed 
dashes). Colour symbols denote brown (b), grey 
(g) and dark (d); The lithological symbols are 
clay as black, silt as dashes, sand as dots, and 
clay~sand mixtures as dots and wavy lines. 
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| Table 1  Erkowit sub-fossil mollusc collections 
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a fine 1941 Tothill collection (ref. 1) 
Xerophila sp. 
Cerastus abyssinica Pty. 
Planorbis herbini Byt. 
Bulinus truncatus Aud. 
Limnaea caillaudi Boury. 
Melanoides tuberculata Mull. 





b January 1973 Williams collection (this paper) 
Melanoides tuberculata (Muller) cf. dautzenbergi Pilsbry 
Lentorbis junodi (Connolly) 

Biomphalaria pfeifferi Krauss 
Lymnaea natalensis Krauss | 
Gyraulus cf. connollyi Brown & Van Eeden 





Note that our L. natalensis is probably Tothill’s L. caillaudi. 


evidence point to a regionally wetter climate at about this time. 

Short-lived lake transgressions are apparent at Lake 
_ Bosumtwi in Ghana soon after 2,400 Bp*”, at Lake Abhe and 
_ other lakes in the Afar desert*’*! towards 2,000-1,500 BP, and 

in the Ziway-Shala basin’? of the Ethiopian Rift at ~ 1,600 BP. 
In the Chad basin several small interdune lakes are dated at 
2,400 BP and 1,750 BP, at which time the Bahr el Ghazal had 
started to flow again®’**. There are also signs of reduced aridity 
in southern Libya between 1,930 and 1,435 BP, coeval with 
_ runoff from Tibesti? and with alluviation in the Hoggar”. 

In the Sudan, swamps reached to the foot of Jebel et Tomat 

on the lower White Nile during 1,930-1,600 Br*’. The twin hills 
re now over 12 km from the closest riparian swamps**. The 
two centurions sent by Nero about AD 60 to find the sources 
of the White Nile reported that their way was blocked by vast 
swamps—the present Sudd. If the two rock outcrops that they 
saw within the swamp are indeed Jebel Ahmed Agha, as seems 
plausible, these are now 200 km beyond the northern edge of 
the Sudd*’. The extensive iron smelting at Meroe (Fig. 1) 
presupposes abundant fuel for charcoal*®, and out in the Butana 
present runoff is not enough to fill the large Meroitic earth 
dams?’, nor to sustain much settlement*””**. Diodorus Siculus”? 
=- wrote soon after 60 BC of cave-dwelling cattle herders in the 
Red Sea Hills who fought each other for pasture and retreated 
into swampy places. There are no such swamps today. In 
Alexandria at about this time Ptolemy recorded rare summer 
rains from southerly winds*’, suggesting that the Inter-Tropical 
Convergence Zone on occasion reached further north than it 
does today. 

Taken together, the limnological, archaeological and archival 
evidence from Sudan, Egypt, Ethiopia, Chad, Libya and Ghana 
is entirely consistent with a regional climate somewhat wetter 
than today at about the time that freshwater molluscs were able 
to live in the now arid Red Sea Hills of eastern Sudan some 
2,000 years ago. 

We thank Dr Mike Barbetti and staff of Sydney University 
Radiocarbon Laboratory for dating difficult samples, Grant 
McTainsh and David Bell for the XRD analysis, John Cleasby 
for drawing the figures, and the Erkowit folk for their help. 





Received 7 November 1983; accepted 27 January 1984. 


i. Butzer, K. W., Isaac, G. L.. Richardson, J. L. & Washbourn-Kamau, C. Science 175, 
1069-1076 (1972). 

2. Street, F. A. & Grove. A. T, Ouar Res. 12, 83-118 (1979). 

3. Singh, G., Joshi, R, D., Chopra, S. K. & Singh, A. B. Phil. Trans, R. Soc. B267, 467-501 
(19743, 

4. Kershaw, A. P. New Phytol. 69, 785-805 (1970). 

5. Williams, M. A. J. Nature 283, 617-618 (1975). 

6. Sarnthein, N. Nature 272, 43-46 (1978). 

7. Smith, A. B. in The Sakara and the Nile (eds Williams, M. A. J. & Faure, H.) 489-502 
iBalkema, Rotterdam, 1980}. 

8. Clark, J. D. in The Sahara and the Nile (eds Williams, M. A. J. & Faure. H.) 3527-582 

iBalkema, Rotterdam, 1980}. 

. Suzuki, H, Bull Dept Geogr, Univ. Tokyo 9, 29-63 (1982) 

i Mcintosh, S. K. & Mcintosh, R. J. Am, Scient. 69, near {1981}. 

Tohill, 3 D. Sudan Not. Rec. 27, 153-183 (1946). 

a rews s W. Fin Agriculture in the ee cies Tothill, J. D.) 32-61 (Oxford ea 





E Preliminary ERUS, ini iding a e puon of 


4. Sudan Meterological Service. Climatological Normals, 1921 -f 950 (Khartou 

13. Griffiths, J. F. in Climates of Africa (ed. Griffiths, J. F3 133-165 (Elsevier, Londo 

16. Van Markhoven, F. P. C. M. Post-Palaeozoie Ostracodes-— Their Morphology, Ta 
and Economic Use Vol. (Elsevier, London, 1963), 

17. Peck, R. E, Bot. Rev. 19, 209-227 (1953). 

18. Wray, L L. in Calcareous Algae: Developments in Palaeontology and aie atin Y Vol 
110 (1977). 

19. Sandford, K. S. Q. H geol Soc. Lond, 92, 201+220 (1935). 

20. Gardner, E. W. Mém., Inst Egypte 18, 1-123 (1932). 

2i. Brown, D. S. Bull Br. Mus. nat Hist. {Zool} 12, 39-94 (1965). 

2a. Wright, C. A. Buil Br Mus. nat, Hist. (Zool) 10, 259-274 (1963. 

23. Wright, C. A. Bull Br. Mus. nat. Hist. (Zool) 10, 449-528 (1963). 

24. Brown, D. S, Freshwater Snails of Africa and their Medical Importance, 1-487 diy & 
Francis, London, 1980). 

25. Ayad, N. Buli. Wid Hlth Org. 14, 1-117 (1956). 

26. Sturrock, R. F. Annis trap, Med. Parasit 60, 100-105 (1956). 

27, Williams, S$. N. & Hunter, P. J. Bull. Wid Hith Org, 39, 949-954 (1968), 

28. Brown, D. S. & Lemma, A. Annis trop. Med. Parasit. 64, 533-538 (1970), ee 

29. Talbot, M. R.. Livingstone. D. A., Palmer. P. G., Maley, J, Melack, J. M., Delibrias, G. o 
& Gulliksen, S. Palaececol. Afr. 16 (in the press}, oe 

30. Gasse, F. Nature 268, 44-45 (1977). 

31. Gasse, F. & Street, F. A. Palaeogeogr. Paiaeoclim. Palaeoecol. 24, 279-328 (1978). : 

32. Street, F. A. in Proc. 8th Panaf. Congr. prehist. Quat, Studies Nairobi 1977 (eds Leakey, = 
R. E. & Ogot, B. A.) 143-146 (International Louis Leakey Memorial Institute of African 
Prehistory, Nairobi, 1980). oo 

33. Maley, J. Etudes palynologiques dans ie bassin du Tchad et paléoclimatologie: ade? Afria 
nord -tropicale de 30 000 ans al époque actuelle 1-586 (Trav. et Doc. No. 129, ORSTOM 
Paris, 1981). i 

34. Servant, M. Séquences continentales et variations climatiques: évolution du basti du Te 
au Cénozoique supérieur, 1-573 (Trav. et Doc. No. 159, ORSTOM, Paris, 1983) 

35. Pachur, H.-J. & Braun. G. Palaeoecoi, Afr. 12, 351-363 (1980). i 

36, Rognon, P. L Atakor et ses bordures: étude géomorphologique, 1-359 (CNRS, Paris, 19 

37. Clark, J. D. & Stemler, A. Nature 284, 588-591 (1975). es 

38. Adamson, D. A.. Gillespie, R. & Williams, M, A. J. in A Land Between Two Nile 
Williams, M, A. J. & Adamson, D. A.) 165-219 (Balkema,. Rotterdam, 1982). 

39. Jackson, J. K. Sudan Not. Rec. 38, 47-66 (1957), 

40. Shinnie, P. L. Meroe: A Civilisation of the Sudan, 1-229 (Thames & Hudson, London, 196 

41. Ali, Ahmed M. in Man, Settlement and Ubani (eds Ucko, P. J., Tringham, R 
Dimbleby, G. W.) 639-646 (Duckworth, London, 1972}. i 

42. Marks, A. E., Ali, Abbas M.. Hays, T. R, & Elamin, Yousif Nyame Akuma 22, 2 

(1983). 


















































Nutrient depletion indicates 
high primary E i 
productivity in the Weddell Sea 


Joe C. Jennings Jr, Louis I. Gordon 
& David M. Nelson 


College of Oceanography, Oregon State University, Corvallis, 7 
Oregon 97331, USA 


FAA taht anA HSMM hE Hirt tater AERTS AAAA A t mentees a R 





The Southern Ocean, and in particular the Weddell Sea, ha 
long been considered areas of high biological productivity’, bu 
recent isotopic measurements of primary productivity have 
confirmed this view”. Because the large zooplankton. 
marine mammal populations of the Southern Ocean depe 
ultimately on phytoplankton as the base of the food w 
accurate knowledge of primary productivity is essential t 
understanding of the Antarctic ecosystem. Oceanographic 
collected aboard the Soviet icebreaker Mikhail Somo 
allowed us to derive a new productivity estimate, based on th 
seasonal depletion of nitrate, phosphate and silicic acid in th 
surface layer. From these depletions and data on the elemental 
composition of Southern Ocean phytoplankton, we estima 
average primary productivity in the Weddell Sea in the sprit 
time to be 220-420 mg C m`? day™*. Our most conservat 
estimate is 1.5-4 times higher than recently reported meas 
ments of t productivity i in the open ocean areas of the Sou 
Ocean’. Our estimates are inherently averages over tit 
space, including the effects of brief, intense spring . loo! 
phytoplankton which may occur near the receding ice. 
Studies of primary productivity based on isotope uptake 
ments, particularly in the austral summer, may fail t 
for the significance of such blooms. 
In October and November 1981, the joint US~Sovie 
Polynya Expedition aboard Mikhail Somov penetr; 
hundred kilometres into the seasonal pack ice ci 
eastern Weddell Sea, roughly along the Greenwi | 
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‘northeastern Weddell gyre, it was necessary to examine the data 

set in the context of data from other cruises in the same area. 

Comparison of the nutrient data with austral summer data from 

-GEOSECS and Islas Orcadas revealed that the austral summer 

data exhibited evidence of marked surface layer nutrient deple- 

tions. It was also apparent that virtually unaltered remnants of 

winter surface waters were present at several of the austral 

‘summer stations!?. The existence of this unaltered winter 
water!? (WW) at GEOSECS station 89, near the Somov track, 

with nutrient concentrations very similar to those in the winter 
¿surface layer, led us to derive an estimate of phytoplankton 
© productivity from the net depletion of nutrients in the overlying 
surface waters. 

= Several assumptions are implicit in this approach to the esti- 
mation of seasonal nutrient depletion: (1) the separate summer 
and winter data sets (that is, different cruises) are quantitatively 
compatible; (2) little or no vertical or lateral mixing takes place 
to alter nutrient concentrations in either the surface layer or 
the WW layer beneath it; (3) a realistic time frame can be 
assigned over which the depletion of nutrients occurs, (4) ver- 
tical homogeneity in the surface layer under the ice is characteris- 
tic of late winter conditions in all years. 

= The hydrographic data used here were collected on the 
GEOSECS Atlantic cruise in 1972-73, Islas Orcadas cruise 12 
in 1977 and the Somov cruise in 1981. The nutrient data from 
he GEOSECS and Somov cruises were obtained using the same 
automated techniques'*; on Islas Orcadas manual techniques 
were used!°. Intercomparisons of the nutrient chemical data on 
deep potential temperature and density surfaces confirm the 
‘comparability of the GEOSECS and Somov data, but the Islas 
Orcadas data appear to be systematically lower in dissolved 
ilicic acid and higher in phosphate. In our calculations, we have 
sed the Islas Orcadas data solely to illustrate the spatial extent 
f the nutrient depletion. Table 1 presents the temperature, 
salinity and dissolved nutrient data (phosphate, nitrate and silicic 
cid) we used. 

Table 1 and Fig. 1 illustrate the evidence for stating that 
iinimal vertical diffusion has occurred to alter the dissolved 
utrient concentrations in either the surface layer or the WW. 
e Somov data show the temperature of the entire surface 
nixed layer beneath the ice to be almost at the freezing point. 
t is underlain by warmer, more saline water and would be 
eated from above by insolation as the ice recedes; thus, any 
ubstantial vertical mixing across the WW layer would cause an 
ncrease in its temperature. No such increase was observed (Fig. 
_ Instead, a cold lens of remnant WW exists in the Weddell 


| Temperature (°C) Salinity 
“0 -2 - 2 i KA r d . 2 349 ð 34.2 344 34.6 
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his was first noted half a century ago but 
| observations have been available until recently, Fo 
the depletion calculations discussed here, we have used only the: 
GEOSECS station at which the WW properties were demon-. 
strably identical to those in the wintertime mixed layer (Fig. 1). 
Generally, horizontal advection and mixing could also modify ; | 
nutrient concentrations in surface waters above the remnant \ 
WW layer, but in the Weddell gyre lateral transport would do i 
little to alter the apparent depletion of the surface waters relative 0 
to the underlying WW. There is a high degree of lateral o 
homogeneity in the Weddell Sea, particularly in the zonal direc- 
tion in which the major circulation oceurs'®. Additionally, circu- 
lation within the gyre is quite weak”'’, and vertical shear 
between the surface and WW is not sufficient for the surface _ 
waters observed in the austral summer to have originated very 
far away from the underlying WW. 
Dilution of the surface layer by melt water from the receding 
ice pack (mean thickness = 1 m) would cause an apparent deple- 
tion of nutrients in the surface layer. Adding 1 m of melt water 
to a surface layer 40 m thick (that is, a dilution of 2.5%) would 


was. 































































account for ~7% of the observed nutrient depletion. Some of 


the Islas Orcadas stations we examined had surface salinities 
which were diluted by as much as 5% relative to the WW, which = 
could account for 15-20% of the apparent nutrient depletion. 
At the austral summer GEOSECS station used in our calcula- 
tions, the surface salinity is within 1% of the salinity of the WW 
layer, indicating that dilution effects were negligible. F 

The assignment of a time frame during which the observed- 
nutrient depletion took place is somewhat problematical. The 
timing of the retreat of the pack ice is highly variable from ye 
to year, usually beginning in mid-November'*'°. November ^. 
1972 had the greatest extent of pack ice for the decade 1966- - 
76!°, and it is thus unlikely that the GEOSECS station location 
was ice free until late November or early December. (The 
November ice extent data are the best indication of maximum 
annual ice extent available for the pre-microwave satellite 
era'’.) The GEOSECS observations were made during January 
1973; therefore, we have assigned a 60-90 day time frame to 
the observed nutrient depletion. 

The annual cooling of the surface layer at the onset of the 
austral winter results in the formation of a homogeneous surface 
layer before ice formation'®. The Somov data indicate that this 
layer remains homogeneous in all properties throughout the 
winter; therefore little or no primary production occurs below 
the ice to alter the nutrient concentrations. Observations of very 
low levels of chlorophyll a and extremely limited light penetra- 
tion of the pack ice during the Somov cruise?” support the. 
conclusion that primary productivity under the ice pack is- 
minimal. Thus, the homogeneity of nutrient concentrations in 
the surface mixed layer at the end of austral winter can be 
assumed to be typical. 
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Fig. 1 Hydrographic properties at 
Somov station 35 at 59° 30°S 0° 
30’ E (solid lines) and GEOSECS 
station 89 at 60°1.5'S 0° LSE 
(dashed lines). The remnant winter si 
water at the GEOSECS station isat 
-75-100 m. 4 





a Table 1 Winter water at GEOSECS 89 and wintertime surface water at WEPOLEX 35 






















Potential 

Pressure temperature Salinity Silicate Phosphate 

ie: Station i (db) (°C) (%o) (pM) (uM) 

- GEOSECS 89 1 0.965 34.103 56.9 1.34 
22 January 73 tf - 1.830 34.383 Ta 2.03 
60° 01'S/0° OV E 

WEPOLEX 35 Entire -1.858 34.358 TaT 


12 November 81 surface 
59° 05’ $/0° 40° E mixed layer 


2.04 2930 








Figure 2 illustrates the spatial extent of the summer/winter Sea*’, vertically integrated nitrate uptake rates were 0,74 
contrast in dissolved silicic acid and phosphate concentrations 2.41 mmol m™* day™* for those stations which were not in clos 
jate of 





in the eastern Weddell Sea. Because we believe the Islas Orcadas proximity toa land mass. (An 18-h day has been used to co 
nutrient data to be systematically offset from the Somov data, from reported hourly rates.) Our most conservative estima 
we have used only the GEOSECS data to quantify the observed the average daily nitrate depletion (Table 2) is 2.5-4 tims 
o nutrient depletion. Taking the seasonal depletion to be the mean rate for these Scotia Sea stations. Similarly, for 
‘difference between the observed nutrient concentration andthe south of 60°S in the Pacific sector of the Southern Oce: 
WW nutrient concentration, the vertically integrated depletions production of biogenic silica in the euphotic zone was 
at GEOSECS station 89 are 850 mmol m2, 27 mmol m`? and 4.5 mmol Si m? day~! (ref. 21), compared with ou cal 
300 mmol m`? for silicic acid, phosphate and nitrate, respec- silicic acid depletion rates of 9.4-14.2 mmol m~? day’. The 
tively. The average rates of depletion over the 60 and 90 day fore, the seasonal average depletion rates of both nitrate 
time frames assigned are shown in Table 2. silicic acid exceed by a factor of 1.5-5 the few available lire 
` Our average nutrient depletion rates can be compared with measured rates. in the Southern Ocean. Deo o 
experimentally determined rates of nitrogen and silicon assimila- The estimation of primary productivity — from nul 
~ tion by Antarctic phytoplankton. On recent cruises in the Scotia depletion requires knowledge of the stoichiometry o nutrie 
| | | assimilation and carbon fixation by phytoplankton. The ave: 
composition of marine phytoplankton is often taken 
C/N/P = 106/16/1 (ref. 22), but lower C/N and C/ 
have been reported for Southern Ocean. phytoplan 
Similarly, C/Si ratios for diatoms in the Southern. Ocean 
apparently lower than those for most marine diatoms”*. V 
have used C/N/P=62/11/1 and C/Si=2.5 as represen 
of Antarctic phytoplankton’. Our estimates of average prima 
productivity are shown in Table 2. They range from ~220 
C m`? day’! to 420 mg C m”? day”. a 
Our lowest. estimates of average primary productivity 
based on phosphate and nitrate depletion occurring over 
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WEPOLEX (1981) 





70 


60 


90-day period. Because particulate nitrogen and phosph 
are remineralized more rapidly than is biogenic silica, they ¢ 


more likely to be recycled within the euphotic zone. One aspec 


tslas Orcadas -12 (1977) pi a A TA a 
® of this recycling is that some nitrogen 1s returned to the euphott 
zone as ammonium by zooplankton excretion and microbia 


ee ee eee eee eee eee regeneration (see, for example, ref. 4). This ammonium i 

58°S 60° 62° 64°S ized preferentially by phytoplankton’, so our nitrate-bas 

Sd mate of primary productivity is inherently an underestima 

The estimate of primary productivity from nitrate depletior 

considered to be that fraction of the total which is available fo 

ne net transport up the food chain*’. Available data on ammo! 
WEPOLEX (1981) and nitrate uptake by Southern Ocean phytoplankton 

that ammonium utilization supports 40-70% of the total prac 

tivity”, so our estimate of nitrate utilization probably accoun 
for no more than half of the total. As only direct measureme 

of biogenic silica dissolution made in the Southern. Ocean ind 

cate that about one-third of the assimilated silicic acid dissolves 

in the upper 100 m*’, our silicic acid-based calculation may well 


be low by that amount. If our nitrate- and silicic acid-based 
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3 Meridional distribution of dissolved silicic acid and phos- 
ern Weddell Sea. Islas Orcadas Sitio acid 850 9.5 14.2 
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Nitrate hee 


Fig. 















We believe that our akao are » conservative ones, result- 
g in estimates of primary productivity that are probably low, 
et are 1.5-5 times higher than. recent isotopic productivity 
measurements in the Southern Ocean*****. Intense phyto- 
jlankton blooms have been reported near. the edge of the 
receding seasonal ice pack which could. easily account for much 
of the discrepancy between our calculated rates and those 
measured isotopically. Primary productivity in these blooms 
often exceeded 1 g C m™* day” 1 (refs 6-8, 24). As its. seasonal 
< jee cover recedes, most of the Weddell Sea surface is an ice 
edge zone for some period of the austral spring. A brief (10-15 
day) bloom during which productivity was in excess of 1 g C 
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oceanic carbon cycle has traditionally been viewed 
reversible, one step reduction—oxidation reaction 
0,=CH,0). Principle pathways were thought to involve 
caryotic photoautotrophy and oxygen-dependent bacterial 
spiration, respectively. However, prokaryotic (cyanobac- 
rial) photoautotrophy is now well documented and has even 
proposed as a major carbon pathway™*. In a previous 
of the mesopelagic zone in the North Pacific Ocean’, the 
»bserved downward fluxes of organic carbon, nitrogen, ATP 
and RNA suggested production in situ of new particulate 
organic carbon at 700-900 m. Here we present evidence that 
this is indeed the case and that it is mediated by bacterial 
1 emolithotrophy. Energy for this process may be in part pro- 
ided by detrital aL NH derived from the downward flux of large 
partic les. 


ni nism’. T Dating the Vertex 1 sediment trap 
ke an Diba to examine the ERE of 


-m day’ * followed by < a longe per 
tivity (closer to the ~0.1 g C m? day” 












bt much lower produc- 
* values of the recent 
literature?>"**), would result in seasonal average rates similar 
to those we derive. The contribution of such blooms is inherently 
included in our calculations, but may be missed by discrete, 
measurements which are remote from the ice edge. 
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biomass of living microorganisms associated with sinking parti 
cles, (2) shipboard-extracted ATP concentrations” in unpreser- 
ved traps to estimate the net in situ changes in biomass during 
the experiment (see Table 2), (3) concentrations of NH;, NO 
(see Table 1), (4) organic carbon and nitrogen concentrations” See 
(5) rates of microbial DNA synthesis in situ’, (6) microbial >= 
incorporation of HCO, (see Table 2), and (7) microscopic 
examination of glutaraldehyde-fixed sediment trap samples. The 
in situ '*C-incubation experiments and ATP measurements were 

performed in paired sediment traps, with and without the addi- 

tion of a mixture of potential chemolithotrophic substrates (see 

Table 2). 

Several results suggest the activity of chemolithotrophic bac- >, 
teria at these depths. First, the concentration of NH4 measured |. 
in the sediment trap solutions (and hence, the corresponding = 
downward fluxes of particle-associated NH; ) increased between 
100 and 150m (Table 1), indicating production of NH, in 
association with descending particles, scavenging of NH4 from 
the water column during descent or horizontal advection of - 
particle-associated NH;. At greater depths both concentration = 
and flux of NH; consistently decreased. The estimated NHJ oo 
fluxes are considered to be minimum values as no attempt was 
made to remove associated or covalently bound NH3 from the 
sinking particles. The flux of NH; thus calculated was 383 and 
149 pmol m~* day ° at 150 and 550 m, respectively, indicating 
a loss of 234 pmol NH{ m? day”! over this depth interval 
(Table 1). Since NH] was undetectable ( < 0.05 wmol17') in this 
portion of the water column, we suggest that the NH3 is con- 
sumed either in the water column or within the sinking particles. 
at a rate which is equivalent to the measured rates of change. 
(mean rate of 0.59 umol m`? day `’ between 150-550 m). The 
consumption of NHj (that is, — ANH,/4AZ) is associated with: 
the appearance of NOJ (Table 1). These data suggest the pres- 
ence of active bacterial nitrification. 

Nitrifying bacteria of the genera Nitrosomonas and Nitrosocec 
cus were counted using specific immunofluorescence tech- 
niques'”'!. Nitrifiers were detected in high concentrations in all 
sediment trap collections and the majority were Nitrosomonas- 
type cells. Nitrifiers were frequently observed in clusters of up. 
to = cells, but pe and paired. cells were also common The 









































































Nutrient concentrations 






Sediment trap 


| (umol per sediment trap)” Organic C 
depth (m) | NH, NO; flux 
100 13.8 <0.005 3,900 
150 30.8 <0.005 2,192 
550 12.0 2.3 LEF 
650 3.4 1.4 Ti2 
750 1.1 1.1 925 





The downward flux of particle-associated nitrifiers was con- 
sistently high (1.15 to 3.52 x 10* cells m? day”') throughout 
the depth range of our experiment (100-750 m). Sediment traps 
“pre-charged with chemolithotrophic substrates and incubated 
in situ produced higher cell densities, with values (relative to 
‘the control) ranging from 118% (150m) to 263% (550 m). If 
‘we assume a maximum nitrification rate of 1.4-2 x 107}? mol 
NH} per cell per day (refs 12,13) the particles collected at 
550m are potentially capable of oxidizing between 160- 
"230 pmol NH; m`? day’, a value which agrees with the obser- 
ved loss of NH} at 150-550 m (Table 1). 

_ The comparison of in situ versus shipboard extracted ATP 
= can be used to ascertain the extent to which net microbial growth 
had occurred in the unpreserved sediment materials during the 
xperiment’. It is evident (Table 2) that the two surface traps 
100 and 150m) exhibited post-incubation decreases in total 
ATP (that is, shipboard ATP<in situ ATP) indicating net 
microbial death. However, for that region of the water column 
where NH} was consumed and NO; was produced (550- 
750 m), there was an increase in total microbial ATP during 
the incubation period and hence, net carbon production. The 
greatest increase occurred at 550m (Table 2). At all three 
depths where net growth had occurred (550, 650 and 750 m), 
we observed an increased biomass yield following the addition 
of potential chemolithotrophic substrates. 

The mean total '*CO, incorporation (Table 2) also displayed 
a mid-depth (550 m) maximum and, at all depths but 750 m, 
the incorporation rates were stimulated by the addition of inor- 
ganic substrates. However, '*CO, incorporation data, by them- 
selves, cannot be extrapolated directly to microbial carbon pro- 
duction without information on the proportion of autotrophic 


ATP concentration, 





Sediment trap in situ extraction Chemolithotrophic 
depth (m) (ng per sediment trap) additions 
100 1,760 No 

Yes 
150 1,310 No 
Yes 
550 110 No 
Yes 
650 65 No 
Yes 
750 220 No 
Yes 








ATP associated with sinkin 


1.5 M NaCl p=1.05 g cm™*) as described by Fellows et al.”. 











oassayed. 


- Table 1 Nutrient ééncentraitions, fluxes add average rates of change over e fhe specified depth inte 


Total flux (umol m`? day~') and average. rates of change (pmol m~? > day” 5) for 


_intervalt — = 
Organic N NH; a 
(AC/AZ) fux “ayy AZ) flux (ANH 
(~34) SO (7a) (+4.2) 
(-3.7) amet - (-0.42) as (-0.59 
(+0.55) i (+0.04) j (=14) 
(+1.5) (+0.32) 14 (-0.28) 


_* NHI and NOS concentrations were measured in 0.22 pm filtrates of the unprese: ed sédithent trap solutions receiving no chemolithotrophic 
additions (see Table 2). Samples were analysed by S. Moore within 4 h after sediment trap: recovery E 
1T Organic C and N were measured in formalin preserved sediment traps as described m! Knaue pe 


Table 2 Effects of addition of exogenous reduced inorganic substrates in situ to sediment trap collected particles i 


ng particles was extracted in sifu by precharging the sediment traps with a high density acid- salt solutic 
1 ) For in situ incubations paired sediment traps were prepared. 
precharging with 2.5 1 of an autoclaved high density solution consisting of 0.22 um filtered seawater containing 33.8 g NaCl, 1 
-0.93 g KCI and 30 «Ci NaH'*Co, (50 m Ci mmol '; New England Nuclear) per litre (p = 1.065 g cm”). At each depth, one o 
‘received the chemolithotrophic mix consisting of NH, Cl, Na,S,0,-5H,O and MnCl, to yield final concentrations of 400 pM NH; 
and 100 uM Mn**. Shipboard ATP concentration refers to the value measured in the unpreserved sediment traps after recove 
vit from the: in situ extracted ATP. Details of the methods are presented by Karl and Knauer’. : 

h 5 mecentrated onto Whatman GF/ F filters acidified with HCI, evaporated to. diyagss in vacuo, reconstituted. 


TP)/i in situ. u ATP] x. 100% 
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assimilate 2-10% of their total é cabau cell quota a as CO 

o whereas certain chemolithotrophs obtain. ‘pote 
100% of their cell carbon requirements from CO, (refs 
By assuming the ‘*C-incorporation data represent st 
chemolithotrophic grow h, the data can be extrapolated 
compared with total microbial carbon production derived 
estimates of DNA synthesis (Table 3). The DNA synthesis 
adenine) technique does not liscriminate between the two 
pathways of carbon synthe s and hence provides an estima 
of total microbial carbon production. In the surface sedim 
traps (100 and. 150 seer ‘total’ microbial | prcauenat o 
exceeds the. y th 

















consistent t with the 3g observed 1088 ofo organic c carbon a E 
tion of NH{ associated with the large sinking particle : 
However, between 550 and 750m chemolithotrophic carbe 
production was detected with estimates ranging 
(650 m) to 90% (550 m) of the total microbial productior 
may therefore be a ‘significant, if not dominant path 
carbon and energy flow at certain depths in the: 
zone. 

If we assume that aain is the damman pa hy 
can calculate a minimum amount of energy required 
this observed mesopelagic bacterial production. The oxid 
of NH4 to NO; proceeds with a AG of —66 kcal m 
with typical cell yields of 0.03-0.06 mol C produced pe 
oxidized'®. Thus at 550m, the estimated chemolithot 
microbial production (425 BE c m`? day~'). would req 
of 787 pmol NH; m™ 2 day’, if nitrifiers were 
responsible, which is a value approximately three 






















14C-HCO3 incorpo 
into organic m 


ATP concentration, 
shipboard extraction 


(ng per sediment trap) %ATP change* (nCi per sedimen 
705 + 382 ~60 11.0+0.8 
1,434 +429 —19 16.1+1.9 
750+6 43 16.4+0.5 
556+ 37 n aD 30.6+5 
748 + 94 +380 42.743 
4,004 + 543 + 3,540 48.74 
286 + 106 +340 6 
844 +271 +1,198 
662 + 298 +201 
1,198+184 +445 


For '*C incorporation, triplica 








nd estimates of the role of 





-Sediment trap 


Minimum HC. denved 


Total microbial Estimated % 


Chemolithotrophic microbial production“ production? chemolithotrophic 
depth (m) additions (ug C m~? day™') (ug C m7 day?) based production = Yoc 
100. No 11048 15,900 + 3,200 a) ° | Eo 
Yes 160418 ) Be TS 
150 No 163+ 5.4 9,900 +750 i 2 
Yes 305453 
550 No. 425+ 30 480 + 83 | 90 
Yes 485 + 66 | 
650 | No 6942.2 1,000 + 17 7 
Yes 185+6.6 
750 No 1822 5.7 870 +31 + tad 
Yes 


1444 8.4 





See Table 2 for composition of chemolithetrophic mixture. 


.. “Calculation assumes that CO, represents 100% of the carbon cell quota (that is obligately chemolithotrophic) and is based upon the measured ” 
; initial *4C specific radioactivity of 15 pCi mmol™’ of total inorganic C. Values are mean + 1 s.d. 








Values are mean t | s.d. 
-Calculated from data obtained without chemolithotrophic additions. 


minimum in situ NH3 consumption rate estimated from the 
sediment trap data (Table 1). This rate of NH; oxidation could 
“consume potentially 1.6 mmoles 0, m`2 day™', if completely 
-oxidized to NO;. Therefore, chemolithotrophy (bacterial reduc- 
tion of CO, and concomitant O, consumption) rather than 
-chemoheterotrophic utilization of surface-dervied organic mat- 
er may be an important mechanism for the consumption of O, 
n the mesopelagic zone of the ocean. Although we have singled 
ut nitrification as an important metabolic process, other path- 
vays such as the oxidation of CH,, H-S, H, and other reduced 
roducts of anaerobic decomposition may also contribute energy 
or the observed mesopelagic production. 
These. results suggest that the oceanic carbon cycle may be 
nore complex than previously described. The flux of energy 
escending from the euphotic zone may greatly exceed that 
ominally contained in particulate organic detritus, which has 
reviously been considered to be the principle factor controlling 
1e rates of mesopelagic microbiological activity and O, utiliz- 
tion Although the flux of energy (in the form of reduced 
ducts of bacterial decomposition) required to sustain the 
emolithotrophic production measured in this study is probably 
ed from surface primary production and thus cannot exceed 
teady-state. conditions, mesopelagic ‘primary’ production 
ve a. major impact on the trophic organization of localized 
ater food webs and on the production and maintenance 
the intermediate depth O; minimum. 
. fe thank. the officers and crew of the RV Wecoma and RV 
yuse for their help i in sample collection; D. Burns, C, Hunter, 
. Fitzwater and $. Moore for technical assistance. This research 
Was supported. by NSF grants OCE80-05180 (D.M.K.), 
- OCE79—26797 and O CE80-03200 (G.A.K./J.H.M.) and 
_OCE81~1 7697 (B.B. W: ), : 


__ Received 29 September 1983; accepted 9 February 1984. 
CE Waterbury, J. B., Watson, S: W., Buillard, R. R & Brand, L. E. Nature 277, 293-294 
oe (VOTQ), : 

oe Johnson, PWA Sieburth, J. M, Lindl: ‘Oceanogr. 24, 928-935 {1979}. 

ie Premin, D. W. & sale. C W: ‘Can. J robiol, 27, 1341-1344 (1981). 

: nat O 987-961 (1981), 















































t rea 292-295 {1983}. 

bbe: Rao, D. V. & Irwin, B. Nature W, 702-704 (4983). 

“Knauer, G, A. Deep-Sea Res. Gn the press). 

o Martin, 4. H. & Bruland, K. W. Deep-Sea Res. 26A, 97-108 (1979). 
i Karl, D.M- & Knauer, G. A. Deep-Sea Res. WA, 921-936 (1981). 
& Perry, M. 3. Appl. envir, Microbiol, 39, 913-918 (1980). 

mar. Res, 40, 1155-1172 (1982). 

i Limnol, Oceanogr. 10, R274-289 (1965). 

& Strickland, J.D. H. J. exp. mar. Biol, Ecol, 2, 156-166 (1968). 
L: Symp. Soc, gen. Microbiol, 18, 8-39 (1965). 

Vol Microbiology 34, 334-339 (1965). 

ch. H yetrobi bial: Beth. Ergebn. Limnol 13, 56-61 (1979). 

“Mier 489-518 (1968). 

7-210 (1971). 





Activity in the Sea: (eds: Hobbies irg E k 


„o | Panini 5, Naples, Italy 


t Total carbon production extrapolated from in situ measurements of rates of DNA synthesis using the conversion factors of Karl and Winn”. 
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incase rmmemvmtel!: 


Natural killer (NK) activity’ against tumour and virus-infected 
target cells is shown by a subpopulation of peripheral blood 
mononuclear leukocytes with the morphological features of 
large granular lymphocytes ( LGL)’. The lineage of human LGE 
is still controversial, as they display surface markers of both T 
lymphocytes and myelomonocytic cells’. LGL have recently = 
been reported to produce lymphokines such as interleukin-2 = 
(IL-2)+* and a- as well as y-interferons’, functions associated 
mainly with T cells. To determine whether cytokines associated 
with other cell lineages are also produced by LGL, we examined 
whether they might produce a myelomonocyte-associated 
cytokine such as interleukin-1 (IL-1). IL-1 is a 12-18,000 
molecular weight (MW) lymphokine produced by a variety of 
cell types such as monocytes’, keratinocytes® and a human 
dendritic cell line’, which =a tor a crucial role in immunoregula- 
tion and inflammation’ Moreover, IL-1 has recently been 
reported to act synergistically with IL-2 and interferons in 
boosting LGL-mediated NK activity. We now show that a 
subset of highly purified human LGL with NK activity can be 
stimulated to secrete a soluble factor with the biochemical and 
biological characteristics of human IL-1. _ ; 
LGL were isolated from healthy volunteers by sequential 
elutriation, removal of adherent cells on a plastic surface and. | 
nylon wool columns, and centrifugation on a discontinuous - 
Percoll density gradient*. Cells from the resulting geared were 
tested. for o of NK -susceptible tumour. target ce d for 
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Percoll fractions 


Fig. 1 IL-1 production and NK activity in fractions of peripheral 
blood lymphocytes separated by discontinuous Percoll density cen- 
~ trifugation. Peripheral blood lymphocytes were isolated and frac- 
=o tionated by centrifugal elutriation and lymphocyte-enriched 
fractions were depleted of adherent cells first by incubation on 
` autologous serum-coated plastic flasks for 1 h at 37 °C and second, 
by passage over nylon wool columns. The nonadherent cells were 
then fractionated on a seven-step discontinuous Percoll (Phar- 
macia) density gradient*. RPMI 1640 medium+10% fetal calf 
_. serum (FCS) and Percoll were adjusted to 285 mosmol per kg H,O. 
_ Seven different concentrations of Percoll in medium were prepared, 
Tanging from 40 to 57% Percoll, each varying from the next by 
2.5% concentration steps. 1x 10° peripheral blood. lymphocytes 
_ were applied to each gradient and centrifuged at 550g for 30 min 
at 20°C. The seven fractions were collected and washed. NK 
. activity was measured in a 4h *'Cr-release assay against K562 at 
an effector:target ratio of 50:1 (ref. 2). For IL-1 production of 
110° ml“! in RPMI 1640 supplemented with 2 mM glutamine, 
2 mg ml~' HSA (American Red Cross) and 50 pg ml~! gentamicin. 
Adherent monocytes were detached from the surface of plastic 
flask by flushing with cold PBS containing 10% FCS and resuspen- 
ded at 110° mi"! in the same human serum albumin-supple- 
mented medium. Cells were then cultured for 48h (5% CO, 
37°C) in the presence of 25g mi~' LPS. Supernatants were 
collected, dialysed extensively against PBS (0.15 M NaCl, 0.02M 
phosphate, pH 7.2) containing 0.01% polyethylene glycol (PEG) 
and 50 pg ml~* gentamicin. The filtered samples (0.22 um, Millex) 
were tested for IL-1 activity in a thymocyte co-stimulator assay, 
as described previously”. A single-cell suspension of C3H/Hel 
(H-2*) mouse thymocytes were cultured for 72 h at 1.5 x 10° cells 
per well in 96-well flat-bottomed plates in the presence of 
0.5 wg ml” concanavalin A and with serial dilutions of the test 
samples or a standard preparation of IL-1. Results from triplicate . 
= cultures were plotted on linear regression against the standard 
_ preparation of IL-1 (set up at 100 units mi~’) and expressed in 
- units ml". In every IL-1 assay a sample of medium with 25 pg mI 
. . LPS was tested and was consistently negative ( < 1 unit ml~!). Each 
sample from this and the following experiments was negative for 
IL-2 activity when tested on the IL-2-dependent CT6 cell line?! 
and was found free of contaminating IL-2. This experiment was 
repated four times with similar results. The percentage of LGL of 
each fraction of Percoll gradient was determined by morphological 
examination of Giemsa-stained cytopreps*. M®, macrophages. 







production of IL-1 upon stimulation with lipopolysaccharide 
Escherichia coli 055 B:55 (LPS) (Fig. 1). Cytochemical and cell 
surface analysis revealed that fraction 3 contained pre- 
dominantly LGL (80-85%), enriched in cells with NK-associ- 
ated markers (67% OKMI’, 62% OKT10*, 75% B73.1*), but 
depleted of cells with non-NK associated markers (5% OKT3*, 
` <1% surface Ig”) and contained no detectable monocytes (< 
- 1% esterase-positive cells)*'*. LPS stimulated IL-1 secretion 
_ bycells in fractions 1 and 2 which contained monocytes (30-40% 
and 5-10% respectively, other cells being large agranular lym- 
phocytes) and in fractions 3 and 4 which were enriched in LGL 
but depleted of monocytes (< 5%) (Fig. 1). On a per cell basis, 
the LGL-enriched fraction 3 produced threefold higher levels 
of IL-1 than the monocyte-containing populations and substan- 
tially more than a purified population of adherent monocytes. 
Aoreover addition of > 5% of autologous adherent monocytes 

GL decreased the production of IL-1 from 164 units per 

























The data in Table 1 suggested that OKT3* T. 
MI”. macrophages might suppress producti 









=~ 158,000 
~— 67,000 © 



















| 30 
E 204 
$i 
a. 
# 
‘= 10 
3 
300 350 400 
Effluent volume (ml) oo : 
E 
bm 
& 
2 
f= 
= 
T 
om 










5 10 15 20 25 —- 30. 
IEF fraction oo 
Fig. 2 Biochemical characterization of IL-1 derived from 
tured LGL. 6x10’ LGL, collected after 3 weeks’ culture as 
described in Table 1, were washed three times with RPMI 1640 
and cultured for 48h (5% CO, 37°C) in the presence 
25 ug ml~* LPS at 210° cell ml”'. Supernatants were collected 
and 47.62 (NH4)2SO, per 100ml supernatant were gradual 
added under gentle stirring to a final concentration of 75%. The 
precipitated proteins were collected by centrifugation at 5, 
for 10 min, resuspended in PBS and dialysed extensively. aga 
PBS (with 0.01% PEG and 50 pg ml™' gentamicin). The sam 
was concentrated using an Amicon ultrafiltration unit with PM10 
Diaflo membrane (Amicon) and dialysed against PBS as abov 
Aliquots of 2 ml were applied to a Sephacryl $200 (Pharmacia 
packed column (2.5 x 90 cm). The column was calibrated with th 
following markers: aldolase (158,000 MW), bovine serum albumi 
(67,000 MW), ovalbumin (43,500 MW), soybean trypsin inhibitor: 
(21,500 MW), and cytochrome c (12,354 MW). The sample was 
eluted at a flow rate of 20ml h> with PBS (0.01% PEG, 
50 pg ml~' gentamicin). Aliquots (3 ml) were collected, filtere 
and tested for IL-1 activity as described in Fig. 1 legend. The 
fractions active in the IL-1 assay (Fig. 2, upper panel) were pooled, 
concentrated by Amicon ultrafiltration unit as described above 
and dialysed extensively against 0.01% PEG. The sample wa 
loaded onto a preparative isoelectric focusing column (LKB) in 
100ml of 5-50% sucrose gradient with 0.01% PEG and 
2% pH 3.5 to 10 ampholites (LKB). The pH gradient was form 
over a period of 18h at 1,600 V. 3-ml fractions were collected 
and the pH was determined (Fig 2, lower panel). Fractions we 
dialysed extensively against PBS (0.01% PEG, 50 pg mI! gen 
tamicin), filtered and tested for IL-1 activity as described in Fi 
legend. mee 


































LGL-enriched populations from fraction 3 were purifi 
ther to remove T cells and macrophages by treatmen 
monoclonal antibodies anti-OKT3 (T-cell specific’? 
Leu-M1 (monocyte-granulocyte specific'*) + compl 
After this treatment, LGL (<1% OKT3", <0.3% 
showed significantly greater LPS-induced IL-1 acti 
cell basis than untreated LGL (Table 1). 


































































































calculated at 30% specific lysis per 10” effector cells. 





able 2 Entinecine activity of LGL-derived IL-1 on T-lymphocyte 
response to PHA and on fibroblast proliferation 


par ater 


CRI 1445 
. H-A T-lymphocyte + PHA fibroblast 
(units per ml) (mean c.p.m. +s.e.m.) (c.p.m. + $.e.m.) 
; (} : 760 + 88 1,270 +90 
10 8,571 +720 3,8194228 
20 14,492 +650 4,959 + 520 
40 15,924 + 790 9,863 +454 
80 21,0384 1,120 10,026 + 760 





OKT3”, LeuM1~ LGL were stimulated with 25 pg mi’ LPS at 
10° cells per ml for 48h. Supernatants were collected, dialysed 
ktensively and tested for IL-1 activity in C3H/HeJ mouse thymocyte 
ssay_as described in the legend to Fig. 1. Monocyte-depleted T lym- 
hocytes from fraction 7 of Percoll density gradient were cultured at 
5x 10° cells per well in the presence of PHA 2.5 pg mi~' and the 
ated concentrations of LGL-derived IL-1 for 3 days. Cultures were 
d for the last 8h with 1 wCi °H-thymidine (1.9 mCi mmol’). 

its are expressed as mean +s.e.m. of triplicate cultures. This 
ment was repeated twice with similar results. CRL 1445 human 
fibroblasts (American Type Culture Collection) at third passage 
jated in 96-microwell plates at 1 x 10* cells per well in Dulbecco's 
-Eagle's medium containing 10% heat-inactivated (56°C, 

fetal calf serum, 4 mM glutamine, 20 mM HEPES, 50 pg ml”! 

CLL 1465 fibroblasts were then cultured with LGL-derived 
ys**. Cultures were pulsed for the last 16h with 1 pCi 
19 mCi a s After treatment with so aul leh 

















Table 1 Identification of the subset(s) of LGL producing IL- 


‘Yo Recovery 





Expt 1: LGL were isolated by discontinuous Percoll gradient (fraction 3) and washed three times with RPMI 1640. Aliquots were treated with — 
optimal cytotoxic concentrations of the indicated antibody + complement (iow Tox-H rabbit complement, Cedarlane) at 1:10 final dilution. Cells - 
were washed 3x with RPMI 1640 and resuspended in human serum albumin (HSA) supplemented medium at 1 x 10° per ml. Adherent monocytes — 
were resuspended with cold phosphate-buffered saline (PBS) containing 10% fetal calf serum (FCS) and treated with the monoclonal antibodies — 
as indicated. Both LGL and macrophages were stimulated with 25 ug ml”! LPS as described in the legend to Fig. 1. The significance level of the 
data, related to controls, was calculated by Duncan’s multiple range analysis of variance. P values of = 0.1 were considered not significant. Da 

“expressed as the mean of six separate experiments. Expt 2: LGL from fraction 3 of Percoll gradient were treated with optimal cytotox 
entrations of anti-OKT3 and anti-Leu-M1 antibodies+C. The resulting OKT3~ Leu-M1~ LGL were treated with optimal concentrations of 
ntibodies shown (5-10 pg mi~ ‘) and then labelled with F(ab), goat anti-mouse fluoresceinated antibody (Cappel) at 1:10 final concentration. — 
ls were analysed and sorted in positive and negative fractions by flow cytometry (Ortho Cytofluorograph), When reanalysed, the positive fraction | 
tained more than 98% positive cells. The negative fraction contained less than 
lation was further treated with cytotoxic concentrations of the same antibody +C. Cells were stimulated as described in the legend to Fig. 1. 
s experiment was repeated twice with similar results. Expt 3: LGL (fraction 3 of Percoll gradient) and T lymphocytes from Percoll fraction 7 
re cultured in vitro for 10 generations in medium supplemented with IL-2. Lectin-free human IL-2 (ABS) was used at 10% v/v. After 3 weeks 
ells were collected. These cultured LGL were treated with anti-Leu~M1 antibody and C as described in Table 1 legend. The cells, free of 
ontaminating LeuM1” or nonspecific esterase-positive cells, were then stimulated for IL-1 production as described in Fig. 1 legend. IL-1 activity 
as determined as reported in Fig. 1 legend. This experiment was repeated three times with similar results. ND, not determined. 
~* NK activity was measured against K562 cell line in a standard 4-h “'Cr-release assay at different effector: target ratios. Lytic units (LU) were 















( Final cell no. ) IL-1 T 
ee Reeser veer 
Initial cell no. (units mI!) NK activity® 
Conditions LGL Macrophages LGL (P) Macrophages (LU) per cell 
Exptl € 96 95 142 (-) 72 372 | 
anti-Leu-M1I and anti-OKT3+C 86 7 190 (<0.05) <] 405 
anti-Leu-M1 and anti-OKT4+C 92 ND 145 (>0.1) ND 390 
anti-Leu-M1 and anti-OKT8+C 90) ND 309 (<0.01) ND 239 
Expt 2 LGL 102 222 
LGL OKTI11° 70 225 
LGL OKT1” 103 166 
LGL B73.17 135 321 
LGL B73.17 15 6 
LGL 125 188 
LGL OKMI* 168 481 
LGL OKMI~ 14 2 
LGL l 156 240 
LGL DR” 198 180 
LGL DR 2 215 
Expt 3 LGL+C 88 150.7 160 
T cells+C 90 <1 20 









2% positive cells. In all the experiments, the negative cell — 










To identify the cell subset which was responsible for the observed: 

suppression, we treated LGL with anti-Leu-M1+C and then” 
either with anti-OKT4 (reactive with a helper T-cell subset 
and 4-5% of LGL’) or anti-OKTS8 (reactive with a suppress 
T-cell subset?” and 15-20% of LGL*) monoclonal antibodies 
and C. While removal of OKT4-positive cells had no effect ( 
Table 1), the IL-1 production was more than doubled by treating 
LGL with anti-OKT8 monoclonal antibody, suggesting that a_ 
population of OKT8* LGL and OKTS8* lymphocytes may regu- 
late the IL-1 production by LGL. ae 

To identify the subset(s) of LGL producing IL-1, OKT3~, 
Leu-M1°, LGL were sorted by fluorescence-activated cell sorter <. 
(FACS) according to their reactivity with anti-OKT11 (ref. 3}, = 
anti-B73.1 (ref. 13), anti-OKM1 (ref. 18) or AF-10 (ref. 19; a f 
monoclonal antibody specific from DR surface molecules on = = 
macrophages and B cells)+C. The results (Table 1) showed == 
that the IL-1 production in response to LPS was predominantly 
attributable to a B73.1°, OKM1~, DR* subset of LGL, while == 
the B73.1°, OKM1°, DR” cell subsets produced only a smal _ 
level of IL-1 activity. The results also showed that both OKT117 
and OKT11` subsets of LGL produced comparable levels of 
IL-1 activity. 

Human LGL maintaining NK activity can be cultured for 
several weeks in lectin-depleted IL-2 containing medium”. 
LGL-enriched fraction 3 and T lymphocyte-enriched fraction 
7 from discontinuous Percoll density gradients were cultured in 
IL-2-containing media for about 10 generations. These cultured 
LGL and T cele were edness with LPS, and iL 1 1 production 


























L-1 activity in the absence of any con- 
es (Table 1). In contrast, cultured T cells 
| ) any detectable IL-1 activity and showed no 
nificant NK activity. 
In the LGL subset(s) reactive with anti-B73.1 or anti-OKM1 
nonoclonal antibodies, NK activity correlated with the levels 
f IL-1 production. The relationship of NK activity and IL-1 
production of ¢ sparated on the basis of reactivity with 
anti-OKT11 monoclonal antibody was evaluated. Both the 
OKT11* and OKTI1~ subsets of LGL secreted IL-1 and showed 
oo NK activity. In the case of AF-10, however, NK activity was 
-nearly equally distributed in both the DR” and DR* subsets of 
LGL as reported elsewhere’, whereas the IL-1 production was 
limited to the DR” subset. 
. The IL-1 activity of supernatants from cultured LGL (~6 x 
10’) stimulated with LPS for 48 h was characterized biochemi- 
tally by sequential (NH,).SO, precipitation, Sephacryl $200 
~~ gel filtration and preparative isoelectrofocusing (IEF). IL-1 
activity derived from cultured LGL eluted from $200 gel column 
in the range of 15,000 molecular weight (MW) and was 
heterogeneous on IEF with a major peak at a pl 6.8 and two 
minor peaks at pI 5.5 and 4.5 (Fig. 2). The IL-1 activity in 
supernatants derived from fresh LGL had almost identical 
: characteristics (data not shown). These data are consistent with 
those reported for monocyte-derived human IL-1 (ref. 21). 

Monocyte-derived human IL-1 has been reported to enhance 

-the T-lymphocyte response to polyclonal stimulants such as 
_phytohaemagglutinin A (PHA) in the apparent absence of 
` macrophage accessory cells? and to stimulate human fibroblast 
proliferation’. Similarly, LGL-derived human IL-1 could 
‘place the requirement of T-lymphocyte response to PHA as 
well as to stimulate the proliferation of CRL 1445 human 
fibroblasts (see Table 2). 
IL-1 promotes the generation of cytotoxic effector cells**, has 
a crucial role in T- as well as B-lymphocyte responses to anti- 
© gens***°, stimulates fibroblast proliferation? and collagenase 
_ production’’, and induces fever” and production of acute phase 
_ proteins*’. The evidence that LGL produce considerable IL-1 
activity suggests that some immunological function(s) in addition 
_ to NK lytic activity may be exerted by a subset(s) of LGL. 
_. Indeed, we have obtained data showing that the IL-1-producing 
_ subset(s) of LGL, OKM1*, DR’, can also exert an effective 
` accessory cell function for T-lymphocyte activation (data not 
-= shown). 
-in conclusion, our results show that LGL with NK activity 
_ can produce IL-1. They show further that IL-1 was secreted 
„mainly by LGL bearing the OKM1* or B73.1° phenotypes, 
ich are those highly associated with NK activity. Furthermore, 
preliminary studies showed that human LGL-derived clones, 
with B73.1~ OKM1* phenotype had NK activity and also 
secreted IL-1, suggesting that these two functions may be carried 
out by the same cell. It has been reported that another subset(s) 
of LGL is capable of producing IL-2°. Thus, at least two func- 
tionally and phenotypically distinct subsets of LGL have been 
identified; our data also raise the possibility that a third subset, 
of OKT8” LGL, may participate in the negative regulation of 
IL-1 production by LGL. 

We thank C. W. Reynolds and B. J. Mathieson for valuable 
discussion of the manuscript; J. Conlon and K. MeNitt for help 
in statistical analysis of the data; G. Trinchieri for the gift of 
~ anti-B73.1 monoclonal antibody; and the NCI-FCRF Central 
_» Clerical Pool for secretarial assistance. 
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Infection of mice with lactate dehydrogenase virus (LDV) lea : 
to elevation of plasma lactate dehydrogenase, lifelong viraemi 
and perturbations of cell-mediated and humoral immun 
responses. The virus replicates exclusively in a restricted set ol 
macrophages’, but the basis for restricted cell susceptibility. 
unknown. By immunofluorescence techniques we have found 
that the per cent infected was the same as the per cent expressing 
antigens encoded by the J region of the major histocompatibili 
complex (Ia). Infection of CBA strain I-A* peritoneal macr: 
phages was blocked when cells were treated simultaneously 
with monoclonal antibody to I-A and I-E, but not with eiths 
antibody separately. LDV infectivity was inactivated when‘ 
was treated with purified rat glycoprotein homologous to mo 
I-A and I-E antigens. These results indicate that the recept 
for LDV are I-A and I-E antigens. Selective infection o 
positive macrophages may have an important effect on th 
immunological capability of infected mice. _ 
LDV (a strain received from Dr K. E. K. Rowson), in: 
form of serum taken 24h after intraperitoneal (i.p.) infectio 
of mice, was added to resident peritoneal macrophages of CD 
mice. Infected (antigen-containing) cells were scored by flu 
escent antibody staining 10 h later. As the multiplicity of inf 
tion increased to 50 IDs9s (50% infectious dose) per cell, 4-10 
cells became infected but this did not increase at 10,000 
per cell. Stueckmann et al.** have obtained similar resul 
also noted that it became progressively more difficult to 
peritoneal macrophages when they were maintained in 
longer than 24 h. Peritoneal macrophages are known: 
la-negative after 1-2 days in culture’. 
Macrophages were obtained from various sites i 
and the percentage of cells supporting LDV replica 
percentage that were Ia-positive were determined 
Macrophages from all sites tested showed a close € 
between Ia positivity and susceptibility to LDV. . 
The expression of Ia antigens on macrophages 
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‘able 1 Susceptibility to V ing ) 
ae phages from CD1 mice pi 
Ia-positive LDV-positive 







Macrophage source (%) (%) 
-Peritoneal 52 4.9 
Spleen 17.6 14.3 

Liver 24.5 24.8 
Thymus 65.2 61.0 
_ Peripheral blood 6.7 5.9 
Peritoneal macrophages from 
mice injected with 
indomethacin 25.8 23-5 
Peritoneal macrophages from 
mice injected intraperitoneally 
with lymphokines 16,9 16.5 


annette nena 
Spleen and thymus macrophages were obtained by mincing with 

_ forceps and lysing red cells with 0.83% NH,CI buffer. Liver 
| macrophages were obtained by digesting with 0.05% collagenase. 
Peripheral blood monocytes were separated by Ficoll~Hypaque. Cells 

_ were incubated in minimal essential medium containing 10% fetal calf 
serum in ‘ring’ cultures at 37 °C with 5% CO, in air. After 3 h, cultures 

_ were washed vigorously to remove non-adherent cells, fixed for 10 min 

< at 20°C with 1% paraformaldehyde and the % Ia* cells determined 

_ by indirect fluorescent antibody staining with monoclonal antibody to 

` T-A (OX6 used at 10 ng mI“). Other cells were infected with LDV at 

_ a multiplicity of infection of 10* ID.os per cell. After 10-12 h, cultures 

: were washed, dried, acetone-fixed and stained by the indirect fluorescent 

_ antibody technique for LDV antigens using mouse hyperimmune serum. 
The % of LDV-infected or Ia* cells was determined from examination 

: of 20-50 fields, containing 500-1,000 cells, on each of 3-6 ring cultures. 
Counts on each ring culture varied by less than 20%. Each type of 
macrophage was obtained from a separate mouse or pool of mice and 

in repeat experiments the per cent Ia* and LDV-positive cells varied 

by up to twofold. In a given macrophage preparation, however, the % 

* and LDV* were very similar. 


vere taken from mice that had received 50 ug indomethacin 
p. every 12 h for 72 h, and infected with LDV. The proportion 
f Ia-positive (Ia*) cells was 25.8% and an equivalent number 
of cells were infected (Table 1). The percentage of Ia* cells was 
then increased by in vivo treatment with 0.1 ml of a 50% dilution 
of-a 24-h supernatant from concanavalin A (Con A)-treated 
mouse spleen cell cultures; this was injected i.p. into mice every 
12h for 72 h and peritoneal cells were taken 12 h after the last 
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LDV infection ‘and Ia positivity in macro- 


= Table 2 Effect of monoclonal anti-la antibodies on the susceptibility of peritoneal 





% Inhibition of infection 
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were added at the same time (Table 2). The monoclonal antibody . | 
OX6 does 


LDV infection unless it reacted with macrophages’. As would 
(data not shown), blocking was found to be les: 
effective when a higher multiplicity of infection (500 IDsos per ` 
cell) was used. Blocking of LDV infection was never complete, 
perhaps because large amounts of antibody are needed to block 
100% of virus receptors on cells. Monoclonal antibody to mouse 
macrophages, or to mouse macrophage Fc receptors, failed to. 
influence the LDV-susceptibility of peritoneal macrophages. 
The results above were obtained by fluorescent antibody. 
staining. On one occasion cultures were treated with actinom ycin 
D, pulsed with tritiated uridine, and infected cells counted after 


macrophages to infection with LDV 
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C57BL/6 CBA (H-2*) BALB/c (H~2*) 
dilution (H-2°) Anti-I-E dilutions Anti-I-E dilutions 
— 1:128 1:256 1:512 cee 1:128 1:256 1:512 
+ | ~ 
68,6+6.1* 45+1.3 —2.2+42 
$6.9 +6.7+ 6.72.8 2.2+8.8 
47.144.0t “6.64 4,5 11.1+6.0 
| me + a 
~14.745,3 4.4+2.9 73.3+ 1.8" ~8.8+11.4 ~17.0+7.5 
“12.1456 ad an 2.1 53.3 +3.3* ~21.4+5.2 ~13,.025.1 
~22.2+5.1 40.0 + 3.5* ~I21242.4 
11.7+5.4 13.3+3.3 —24.3+ 10.5 
5 2.0239 ~17.7464 ~12.2412.7 
512. “204122 +22.2462 
nti-Fc receptor + 
lsd -3949.2 
iti-macrophage. n an E 
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i, 1-E-negative mouse strains 






O % Inhibition of infection 
BIGA(4AR) 








3 B10.M B10.G C57BL/10 
(H-2) (H-2') (H-2°) (H-2") 
75. 0£21*  70.6+5.1 ~6.344.2 =A045.2 
(63.642.1"% 55.94 11.28 9.5 + 3.0 ~1.0+7.8 
F 61.4+3:5t. 8.81.7 -9.91.4 5.6+ 5.0 
| Í Rentit 
of cells 
| with OX6 - + - ~ 





Peritoneal macrophages. from I-E- -negative mouse strains were treated with 
< monoclonal antibody to I-A (OX6), infected with LDV and the results are 
expressed as % inhibition of infection as shown in Table 2. The reactivity pattern 
of cells with this antibody is shown as described elsewhere’ and was confirmed 
by immunofluorescence staining. Each value is the mean +1 s.e. of four ring 
cultures. 
*P<0.001; t P<0.005; $ P< 0.01; § P< 0.025. 



















Table 4 Inhibition of LDV infection by purified Ia antigens 





% Inhibition of infection 


Protein 
concentration I-A I-E Thy 1.2 
(pg m’) antigen antigen antigen 
100 97.0 +2.8* 87.2 42.9" 1.3+8.9 
10 $8.3+4.5t 66.0 +13.3} -2.3 + 9.6 
1 33.3411,1§ 31.9+ 8.0§ 
0.1 16.6+ 13.0 2.1+10.6 


Serial 10-fold dilutions of purified rat la antigens (homologous to 
ouse I-A and I-E antigen) and mouse Thy 1.2 antigen were incubated 
with LDV (1 x 107 IDsos mi~?) for 1 h at 4 °C, then added to C57BL/6 
mouse peritoneal macrophages at a calculated MOI of 20 1D. 9s per cell. 
LDV antigen-positive cells were counted in 1,000-2,000 cells for each 
Of four ring cultures 10h later. The data are presented as described in 
T able 2. The antigens were prepared by 2% deoxycholate extraction 
-of spleen cells, affinity column purification with monoclonal antibodies, 
_ elution, and removal of deoxycholate by ethanol precipitation. 

~~ * P<0.001; + P< 0.005; ł P<0.01; § P< 0.05. 


autoradiography”. Blocking of infection of CBA macrophages 
_by anti-I-A plus anti-I-E antibody, but not by either antibody 
~ alone, was confirmed (data not shown). | 
In double-labelling experiments with fluorescein- and rhoda- 
_mine-labelled antibody using rabbit antiserum to I-E and mouse 
< monoclonal antibody to I-A, it was noted that I-A and I-E 
„ antigens were present on the same peritoneal macrophages. 
= Rabbit anti-rat I-E antiserum plus complement was therefore 
‘used to lyse Ia-positive macrophages. With serum dilutions up 
to 1:100 there was a 10% reduction in cell numbers and a 20% 
reduction in susceptibility to LDV (data not shown). 

Finally, a non-immunological method was used to show that 
la antigens are receptors for LDV. LDV was pre-treated with 
purified rat Ia antigens, either E or A type glycoprotein, which 
are homologous to mouse I-A and I-E antigens’, then infectivity 
was assayed in CS57BL/6 (I-E-negative) peritoneal 
macrophages (Table 4). At a calculated multiplicity of 20 ID<gs 
per cell, a dose-dependent significant inhibition of infection of 
macrophages was seen with dilutions of either antigen down to 
1 ug ml’. Murine cytomegalovirus is another virus that infects 
only a minority of peritoneal macrophages‘* but this was not 
influenced by treating macrophages with antibody to Ia antigens, 
nor by treating the virus with la antigens (data not shown). 

If Ia antigens function as receptors for LDV, the susceptibility 
of a subset of macrophages is accounted for. Stueckemann et 
al,* Suggested that infected macrophages are eliminated, lifelong 
infection in mice being maintained by continuous production of 
fresh susceptible macrophages. This is explained if la-positive 
(virus-susceptible) macrophages are constantly generated. We 
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Selective infection of Ia-positive, antigen-prese 
might be expected to lead to perturbation of immune res 
If the cells that present viral antigen are at the same tim 
source of antigens, and are possibly damaged or destroyed; t 
could result i in impaired i immune responses to the infecting vir 
Isakov et al.'* reported impaired presentation of antigens 
LDV-infected macrophages. Others have described enhance 
antibody responses early after infection and depressed response: 
at a later stage, but the mechanisms are unclear’’. Defects in 
cell-mediated responses have been described'*, and there is so 
far no evidence that mice develop cell-mediated immune Te- 
sponses to LDV. , 
It might have been expected that ubiquitous antigens encoded I 
by the major histocompatibility complex would, on occasion, 
be used as receptors by an infecting virus but so far there has 
been little evidence for this. Mouse H-2 antigens can function 
as receptors for Semliki Forest virus’ but these are not the 
only receptors because H-2-negative mouse cells can be infected 
with this virus’®. Perhaps LDV can, on occasion, use non- Ta 
receptors. E 
The possibility that other Ia-positive cells, such as Laneta 
cells, B cells, dendritic cells and endothelial cells are also infecto 
by LDV is being investigated. ; 
We thank Dr Alan Williams for his help and gifts of pur r 
rat Ia antigens, OX3 and OX6 monoclonal antibodies, and ra 
anti-la antiserum. We also thank Dr M. Pierres for anti-] 
monoclonal (H10-81.10; ref. 9) and Drs J. S. Porterfield an 
S. Gordon for monoclonal antibody (2.4G2 I IgG) to Fe recept 
(FcR 11)’’, originating from Dr Unkeless' , and monoclona 
antibody (F4/80) to mouse macrophages’”. 
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The tetradecapeptide bombesin was originally isolated fr 
frog skin’. Bombesin-like peptides have since been dete 
mammalian gastrointestinal tract”*, brain’* and lung“ 
peptides have A sept pharmacological effects on th 
nervous system’; they cause contraction of intes 
and urinary tract smooth muscle”; and stimulate th 
other peptides including astrin?>? 
pancreatic polypeptide , neurotensin’, 

, prolactin’’"? and growth hormone 






























receptor antagonist. Here we describe experiments which 
demonstrate that a pepade originally described as a substance 
P receptor antagonist'®, [D-Arg', D-Pro”, D-Trp””, Leu™]sub- 
stance P, is also a bombesin receptor antagonist. This peptide 
competitively inhibits the ability of bombesin to stimulate 
enzyme secretion from dispersed pancreatic acini, and also 
inhibits the action of other peptides that interact with the 
oe bombesin receptor. 
A recent study of the ability of analogues of substance P (SP) 
< to act as specific, competitive substance P receptor antagonists, 
| showed that high concentrations of one analogue, [D-Arg", 
< D-Pro”, D-Trp’ Leu’ SP, also inhibited bombesin-stimulated 
amylase release’’. Because there.are no known competitive 
inhibitors of bombesin, we investigated thi this inhibition in more 
detail, and now report that [D-Arg", D-Pro*, D-Trp”’, Leu’ ]SP 
is a bombesin receptor antagonist. 
Dispersed acini from „guinea pig pancreas were prepared as 
described previously’ ® ° Previous studies have shown that these 
acini possess specific, high-affinity plasma membrane receptors 
for bombesin’ *, substance p?°, muscarinic cholinergic agents” 
-cholecystokinin’*, vasoactive intestinal peptide (VIP)???° and 
ecretin?} 7? The bombesin receptor interacts only with bom- 
“pesin and structurally related peptides’**' (litorin, ranatensin, 
alytesin and gastrin-releasing peptide) and occupation of the 
‘bombesin receptor by any of these peptides causes mobilization 
“of cellular calcium and stimulation of enzyme secretion’**>°. 
‘Dispersed acini were suspended in a standard incubation 
olution containing 24.5 mM HEPES (pH 7.4), 98 mM NaCl, 
-6mM KCl, 2.5 mM NaH,PO,, 5 mM sodium pyruvate, 5 mM 
odium fumarate, 5mM sodium glutamate, 2mM glutamine, 
16.5mM glucose, 0.5mM CaCl, 1.0mM MgCh,, 5 mM 
theophylline, 1 1% (w/v) albumin, 0.01% (w/v) trypsin inhibitor, 
1% (v/v) amino acid mixture and 1% (v/v) essential vitamin 
ixture. The incubation solution was equilibrated with 100% 
O; and all incubations were performed with 100% O, as the 
s phase. 
Sombesin caused a 10-fold stimulation of.amylase release 
: g la). Detectable stimulation occurred with 0.03 nM bom- 
besin, half-maximal stimulation with 0.16 nM bombesin and 
aximal stimulation with 1 nM bombesin. [D-Arg’, D-Pro’, 
D-Trp’’, Leu'!]SP in concentrations up to 100 uM did not 
julate amylase release but caused a parallel rightward shift 
the dose-response curve for bombesin-stimulated amylase 
lease (Fig. ta). With increasing concentrations of [D-Arg', 
Pro”, D-Trp’”, Leu? ]SP, the magnitude of the rightward 
ft was proportional to the concentration of the peptide (Fig. 
. When the data from Fig. 1a were plotted in the form of 
a, that is, log(dose ratio— 1) versus log antagonist con- 
ration, the values could be described by a single regression 
e having a slope (and 95% confidence limits) of 1.00 (0.84- 
35) (Fig. 1b). These results demonstrate that in addition to 
being a competitive antagonist of the substance P receptor on 
these acinar cells'’, [D-Arg', D-Pro’, D-Trp”’, Leu’ ']SP is also 
a competitive antagonist of the bombesin receptor. The apparent 
affinity (and 95% confidence limits) of [D-Arg’, D- Pro*, D- 
Trp’, Leu''JSP for the bombesin receptor calculated for 
bombesin- stimulated amylase release was 2.9 (0.7-12) uM. Pre- 
iously, studies have demonstrated that bombesin and litorin 
ave affinities for the bombesin receptor of 2nM and 40 nM, 
pectively’?; therefore, the apparent affinity of [D-Arg', D- 
j p-Trp””, Leu!']SP for the bombesin receptor is 1,500-fold 
yer than that for bombesin and 70-fold lower than that for 
The affinity of [D-Arg’, D-Pro?, D-Trp’”, Leu'']SP for 
bstance P receptor on pancreatic acini has been shown to 
nt ee the substance P ieee has four times 


























na ary cells". St ig tne ph gical import- 
ance of bombesin have been impeded by the lack of a bombesin 


Amylase release (% total) 






log (DR-1) 


y= 5.495 + 0.996x 
f= 0% 
p <0,0001 




























































































~§5 -§ -45 -4 | 
[p-Arg!, o-Pro?,o-Trp”,Leu"*] 
substance P (log M) 


—10 -9 -8 
Bombesin (log M) 


— f1 


Fig. 1 Effect of various concentrations (shown in parentheses) 
of [p-Arg!, D-Pro?, D-Trp™?, Leu’ JSP on bombesin-stimulated 
amylase release. a, Dispersed acini from guinea pig pancreas were 
incubated with 0, 3, 10, 30 or 100 pM [D-Arg*, D-Pro”, p-Trp”” 
Leu!']SP with the indicated concentration of bombesin. Amylase 
release was measured during a 30-min incubation at 37°C as 
described previously”° and is expressed as the percentage of the 
amylase in the acini at the beginning of the incubation, that is, the 
percentage of the total. In each experiment each value was 
measured in duplicate and results are the means from five separate 
experiments. Vertical bars represent i s.d. Data from the experi- 
ments shown in a were plotted in the form of Schild?’ (b). The 
best fit to the line was calculated by least-squares analysis. D; 
the dose-ratio, which is the ratio of the dose of bombesin req 
to give half-maximal stimulation in the presence of a given 
centration of [p-Arg’, p-Pro*, p-Trp””, Leu SP to the dose 
required to give half-maximal stimulation in the absence Pe 
[p-Arg', D-Pro?, p-Trp””, Leu JSP. = 















100 bx 
F 
= 75 
O | 
E 
r = 
wo 
© 
Ch 
O 
ad 
25 ‘ 
A 
. 3% 
“6 Le =4 
[D-Arg, D-Pro*, p-Trp”’, Leu’! substance P 
(log M) 


Fig. 2 Effect of [p-Arg', D-Pro*, p-Trp”’, Leu''JSP on > 
bombesin-stimulated amylase release (@) and on binding of 
1251.[Tyr*]bombesin (W). To measure amylase release, dispersed 
pancreatic acini were incubated with or without 0.3 nM bombesin | 
plus the indicated concentrations of [p-Arg’, D-Pro, D-T rp? 
Leu!!]SP. Values for amylase release were calculated as the pers 
centage of the increase caused by bombesin alone. To measure. 
binding of '?°I-(Tyr*]bombesin, acini were incubated with 0.3 nM 
125). [Tyr*]bombesin plus the indicated concentration of [D-At 
D-Pro”, D-Trp”?, Leu t JSP. Saturably bound ***1- (Tyr*]bor ; 
was determined after incubation at 37 °C for 30 min as described 
previously!. Values for ‘**I-[Tyr*]bombesin bound are calculated. 
as the percentage of radioactivity that was saturably bound in: 
the absence of added [p-Arg', D-Pro, p-Trp”’, Leu! JSP. In 
each experiment each vamen was: measured in duplicat and 
_ results are the means. of s . nents. 





anatensin, gastrin-releasing peptide, — 
‘or by peptides that interact with the | 


(substance P)” (Table 1). In contrast, 
> Leut SP had no effect on stimula- 
eo ract with the cholecystokinin 
Weceptor (CCK-8), the cholinergic receptor (carbachol) and the 
soactive intestinal peptide receptor (VIP, secretin), or by the 
ecretagogues 8-bromo-cyclic AMP and A23187 (Table 1). 
To investigate directly the ability of [D-Arg', D-Pro’, 
‘D-Trp™°, Leu'’]SP to interact with bombesin receptors on 
“pancreatic acini, we measured its ability to inhibit binding of 
<o 125]-[Tyr*]bombesin and its ability to inhibit bombesin-stimu- 
~ Jated amylase release in identical experimental conditions. For 
each function, the dose-inhibition curves were superimposable 
(Fig. 2). For both inhibition of binding of 125] .(Tyr*]bombesin 
< and inhibition of bombesin-stimulated amylase release, [p-Arg’, 
< -p-Pro’, D-Trp””, Leu JSP caused detectable inhibition at con- 
centrations greater than 1 »M, half-maximal inhibition at 
-7.2M, and complete inhibition at 100 uM. These results 
demonstrate directly that (p-Arg', D-Pro’, D-Trp™°, Leu’ JSP 
interacts with the bombesin receptor and that its ability to inhibit 
bombesin-stimulated amylase release can be accounted for 
‘entirely by its ability to interact with the bombesin receptor. 


Table 1 Effect of [p-Arg’, D-Pro?, D-Trp™?, Leut’ JSP on the 
stimulation of amylase release by various pancreatic secretagogues 


Amylase release (% total) 
Seen ID a 
[D-Arg', D-Pro?, 
p-Trp””’, Leu’? JSP 
(30 uM) 
2122 


3.8+1.2* 
6.0+2.4* 


Secretagogue 
alone 


2648.1 
17.5+5.0 
20,644.3 


< Secretagogue 
_ None 
~ Bombesin (0.3 nM) 
--Ranatensin (0.3 nM) 
©. Gastrin-releasing 
- “peptide (1 nM) 
~ Litorin (1 nM) 
-Alytesin (1 nM) 
` Carbachol (10 pM) 
~ A23187 (5 pM) 
VIP (3 nM) 
T Secretin (0.1 pM) 
- 8-bromo-eyclic AMP 
(1 mM) 
nen P (3 nM) 


18.8+3.0 
24.6+5.4 
17.3+5.2 
31.7447 
31.145.0 
14.0+2.5 
26.8 + 2.0 
26.0+3,.5 


6.0 + 2.4* 
§.0+1.9* 
4,2 +2.8* 
30.0 + 3.4 
29.2+2.3 
14.841.2 
27.2+2.4 
26.3+2.7 


24.04 4.0 
7.4+1.4 


45.6+1.2 
2.4+0.6* 


‘Dispersed acini from guinea pig pancreas were incubated for 30 min 
at 37°C with various secretagogues alone or with [p-Arg', D-Pro’, 
p-Trp”’, Leu!' JSP. In each experiment each value was determined in 
duplicate and results are the means + 1 s.d. from four separate experi- 
ments. CCK-8, the COOH-terminal octapeptide of cholecystokinin. 
= * Significantly different (P< 0.01) from the value obtained with the 
- secretagogue alone by Student's paired t-test. 


The apparent affinity of (p-Arg', D-Pro?, D-Trp””, Leu’ ']SP 
“for the bombesin receptor is much greater than that of substance 
P, because the latter, at concentrations as high as 30 pM, does 


~~ pot interact with bombesin receptors on pancreatic acini (data 


not shown). In contrast, the affinity of (p-Arg!, D-Pro*, D- 
Trp”, Leu''JSP for the substance P receptor on pancreatic 
‘acini is 2,500-fold lower than that of substance P'’. Thus, 
modifying substance P by substitutions in positions 1, 2, 7, 9 
nd 11 increases the affinity of the peptide for bombesin recep- 
rs but decreases the affinity of the peptide for substance P 
receptors. 
Several different analogues of bombesin have been tested and 
und not to inhibit the action of bombesin?*?*. Our present 
nding that an analogue of substance P can function as a bom- 
i onist raises. the possibilit 
‘DES 


that appropriate — 
ive rise toa. of 


- ‘peptide that will function as a bombesin receptor 


without also interacting with the substance P receptor. 
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The increase in cytosolic [Ca**] induced by Ca-mobilizing 
release of Ca from. ini 


cellular organelles’ hor 
mones is to cause breakdown of the polyphosphoinositi les to 
form soluble inositol phosphates”. Some evidence for the 
idea that these substances could be the second messenger’” 
been obtained in pancreatic acinar cells’. Here we have foun 
that hormone activation of hepatocytes causes rapid breakdow) 
of phosphatidylinositol 4,5-bisphosphate [PtdIns(: 
form inositol trisphosphate (InsP). When applied to pe 
releases Ca from non-mito 


red by collagenase 
d used either int 









3H-InsP, (% °H-Ptdins} 


30 
Time (min) 


Fig. 1 Formation of *H-InsP3 in guinea pig hepatocytes over 
0-2 min (a) or 0-30min (b). Freshly prepared guinea pig 
hepatocytes’ were incubated in Eagle’s medium with 2% bovine 
serum albumin (BSA) with 5Ciml™! (three experiments) or 
20 pCi ml! (three experiments) of *H-inositol, and containing 
0.1 aM angiotensin II for 60 min. The cells were washed by slow 
centrifugation and resuspended in Eagle’s medium with 2% BSA. 
After 5 min, 10 mM LiCl was added to block inositol 1-phosphate 
he phosphatase?“ In two preliminary experiments, LiCl had no dis- 
-- cernible effect on *H-InsP, accumulation. Five minutes later, 
adrenaline (0.1 mM, with 10 uM (+)propranolol) was added (O); 
control, @. Aliquots of the suspension were taken at various times 
as indicated, and were rapidly precipitated with 4.5% perchloric 
acid. The pH of the supernatant was adjusted to 8~9 with sodium 
borate buffer and radioactive fractions associated with specific 
inositol phosphates were separated by anion exchange as described 
previously'**°, For each experiment, total lipid radioactivity 
(almost exclusively PtdIns) was determined in two chloroform- 
methanol extracts, one taken just before the addition of adrenaline 
and one just after the last sample was taken. The radioactivity in 
these samples did not change significantly over the course of the 
experiments, nor did total tissue content of PtdIns, determined as 
described previously”. For each experiment, the cpm of *H-InsP, 
was expressed as a percentage of the c.p.m. of *H-PtdIns (that is, 
the chloroform-methanol extract). In the 5 pCi mI~' experiments, 
samples were taken at 5 and 30 min and PtdIns radioactivity 
averaged 84,000 + 9,000 c.p.m. per mg DNA; in the 20 pCi mt” 
> ‘experiments, samples were taken at 0.5, 1,2 and 30 min and PtdIns 
radioactivity averaged 544 ,000 + 30,000 c.p.m. per mg DNA. All 
of the data points in Fig. 1 are thus means (+s.e.m.) of three 
determinations except at f= 30 min which is the mean (+s.e.m.) 
=- of six experiments. In the latter case, the three experiments with 
. 5pCiml™ 7H-inositol gave a value of 4.1+0.3% while the 
20 pCi ml”! experiments gave a value of 3.7+0.3%, the two not 
differing significantly. 


permeabilization of their plasma membranes with saponin, as 
previously described’*. The intact hepatocytes were incubated 
n Eagle’s medium, while the permeable cells were incubated 
n a medium with high [K>], low [Na+], ATP (1.5 mM) and an 
ATP-regenerating system (see Fig. 2 legend for details). Ca- 
EGTA buffers were used to give free Ca** concentrations of 
either 180 nM or 3.3 uM (ref. 13). Formation of *H-inositol 
phosphates by hepatocytes preincubated with *H-inositol was 
measured as described previously’. 

~~ Intact guinea pig hepatocytes showed a rapid increase in 
radioactivity associated with InsP; on a -adrenoceptor activation 
(Fig. 1). To test the hypothesis that InsP, is capable of releasing 
nternal Ca we used a permeabilized hepatocyte preparation the 
aracteristics of which have been described in detail else- 
yere’*. In experiments summarized in Fig. 2a, permeable 
patocytes were incubated in a medium with [Ca?*] buffered 
nM in the presence of tracer quantities of “Ca. This 
ue for [Ca**] was chosen because in these conditions the 
of phosphorylase a, the uptake of *°Ca and the content 
in saponin-treated cells were found to be similar to 
intact hepatocytes. We therefore concluded that the 
ic [Ca**] in an intact hepatocyte is close to 180 nM”. 
stimates of intracellular [Ca**] in rat’? and guinea pig’ 
es by using the intracellular Ca-indicator ‘ ‘quin- -2’ (ref. 
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Fig. 2 a, The effect of InsP, (54M) on the “*Ca content of o 
saponin-treated hepatocytes. b, InsP; (5 uM) had no effect on the 
45Ca content of normal guinea pig hepatocytes; ¢, adrenaline (5 pM 
in the presence of 10 pM (+)propranolol) caused a net Joss of- 
*5Ca from normal hepatocytes. In b and c the normal hepatocytes 
were loaded with *°Ca for ~45 min (which i is long enough to allow © 
most of the intracellular Ca to exchange’). y 
Methods: At time zero *°Ca was added to a suspension of saponin- 
treated hepatocytes incubated in a cytoplasmic-type medium’? of ~ 
the following composition (mM): NaCl, 20.0; KCI, 100; MgSO,,. 
5.0; NaH,PO,, 0.96; NaHCO., 25; EGTA, 1.0, at pH 7.2 and 
37°C. The medium also contained albumin (2%), antimycin 
(10 uM} and an ATP-regenerating system consisting of creatine < =i 
phosphate (5 mM) and creatine phosphokinase (5 U mI” 7), The - 
[Ca?*] was set at 180nM which is believed to, be [Ca**], in 
a normal unstimulated guinea pig hepatocyte’*. At 10 mi 
ATP (1.5 mM) was added and there was a rapid uptake of $ 
by the cells, which reached steady state by 20min. At ‘this 
[Ca?*] the ATP-dependent “*Ca uptake into the saponin-treated ~ 
cells was insensitive to a combination of the mitochondrial poisons 
2,4-dinitrophenol (0.5mM) and oligomycin (10 uM) and. 
believed to be taken up mainly into the endoplasmic. reticulum’? 
At 30 min; InsP, (5 pM in H,O) was added and there was a loss 
of ~25% or ~0.5 nmol per mg protein of the cell “Ca content, 
An equivalent volume of H,O alone had no effect on the *°Ca 
content (not shown). *°Ca content was determined in all experi- 
ments by centrifugation through ice-cold sucrose and EGTA as 
described previously”. Data were averaged (n = 5 in a, 3 in b and 
4 in c) and the bars represent the s.e.m. InsP, (specifically 
inositol(1,4,5)trisphosphate) was prepared from human red blood > 
cell ghosts essentially by the method of Downes et al.*°, the only. > 
major modification being that the rejuvenation of the red blood ~- 
cells before lysis was carried out in a chloride-free medium (the -- 
chloride being replaced by citrate***’). InsP, was separated on 
Dowex formate columns'+, and desalted by elution from a Dowe: 
chloride column by 1 M LiCl. After addition of 100 pg mannitol 
the extract was dried in vacuo, before removal of the LiCl! with 
ethanol. Some of the InsP, was further purified by high-voltage 
ionophoresis in pyridine/acetic acid (pH 3.6) for 15h at. 
40 V cm™!. The InsP, was eluted from the paper, and the adjacent 
strip of paper was also eluted as a control. For experiments not). 
shown here, but described in the text, inositol 1,4-bisphosphate =. 
{Ins(1,4)P,] was prepared from ox brain phosphatidylinositol 4- 
phosphate by strong alkaline hydrolysis, and purified by paper 
chromatography'*. Inositol 1-phosphate (Ins1P) and inositol 1,2- 
cyclic phosphate were prepared enzymatically from Ago phos- 
phatidylinositol and purified by ionophoresis* 




























On addition of ATP, the permeable cells accumulated *°Ca 
rapidly to a level of about 2 nmol per mg protein (Fig. 2a). 
Once a steady state had been achieved the addition of 54M. 
pai to these fener cells caused a rapid (<2 min) net 

nol erig eae of cell-associated d “Ca, 













-mobilizing hormones release Ca from permeable cells 


10wn). InsP; had no effect on the ATP-independent *°Ca 
iated with the permeable cells. Inositol 1,2-cyclic phos- 
5 aM) (previously proposed as a second messenger’®), 
4)P (up to 10 pM), InsiP(5 uM) and inositol (5 uM) had 
ton the *°Ca accumulated in an ATP-dependent manner 
able hepatocytes (not shown). 
shows the concentration dependence of the response 
permeable cells to InsP; in causing the net release of 
1 which had been accumulated in an ATP-dependent man- 
ner. The ECsq value for this effect was 0.22 uM, and it was 
maximal at 5 pM. 
It has previously been demonstrated that with [Ca**] in the 
medium buffered to 180 nM, uptake of 45Ca and cellular content 
of total Ca in permeable hepatocytes are unaffected by the 
‘mitochondrial poisons 2,4-dinitrophenol and oligomycin’*. The 
Ca released by InsP; (Fig. 2a) must therefore come from 
ATP-dependent stores other than the mitochondria, the pre- 
jominant component of which is likely to be the endoplasmic 
ticulum’. To determine whether InsP, is also capable of releas- 
ing Ca from the mitochondria, the experiment in Fig. 2a was 
peated but with the permeable cells suspended in a medium 
ith [Ca?*] buffered to 3.3 pM. In these conditions a consider- 
ably |: ger quantity of ““Ca accumulates (Fig. 4). The uptake 
of this *°Ca can be largely blocked by dinitrophenol and oligomy- 
cin and is therefore presumed to be primarily mitochondrial’?. 
As shown in Fig. 4, 5 pM InsP; produced no significant release 
of *°Ca from the cells when [Ca*"] in the medium was 3.3 pM, 
nd.we conclude that mitochondrial Ca is not released by InsP3, 
t least in these conditions and with these concentrations of 
-and InsP . The release of the 0.5 nmol per mg protein of 
“a from the endoplasmic reticulum pool by InsP}, observed 
at t80 nM [Ca?*] (Fig. 2a), would not be statistically detectable 
here because of the higher *°Ca content. 
These findings comprise strong evidence that InsP; could 
unction as a second messenger linking hormone receptor activa- 
ion to internal calcium release in the liver. An important 
juestion is whether the intracellular level of InsP; is elevated 
ufficiently during hormonal activation for it to perform this 
>a-mobilizing function. Although there is no adequately sensi- 
ive and specific method for measuring the chemical levels of 
inositol phosphates, they can be estimated if an assumption is 
ade regarding specific radioactivities. Since the monoester 
phosphates of the polyphosphoinositides turn over much more 
‘rapidly than other parts of the molecules (refs 8, 19 and unpub- 
‘lished observations), it is reasonable to assume that in cells 


belled with?H-inositol the specific radioactivities of the three © 


1osphoinositides and thus also their breakdown products, the 
ositol phosphates, will all be similar*°. In each of the experi- 
ents shown in Fig. 1, therefore, the radioactivity associated 
with phosphatidylinositol (PtdIns) (which did not change 
appreciably during the experiments and was not significantly 


altered by hormones) was measured and the radioactivity associ- 


-ated with InsP, expressed as a percentage of that value. From 
‘these data, and the knowledge that guinea pig hepatocytes 
contain 37.1+2.7 (n=5)nmol per mg protein (assayed as 
described previously*') of PtdIns, the cellular content of InsP, 
` could be calculated. Assuming that hepatocytes contain 2.2 pl 
cell water per mg protein®, the net increase in cellular InsP; 
induced by a maximal concentration of adrenaline was estimated 
> tobe about 16 pM at 30 s, 32 pM at 1 min and 53 uM at 2 min. 
“As the a-adrenoceptor-induced release of 45Ca from isolated 
intact guinea pig hepatocytes is not maximal until 2 min (see 
. Fig. 2 and ref. 17), the InsP, would seem to be formed rapidly 
ough to act as a second messenger. 
When applied to permeable cells in concentrations even lower 
han these estimated values, and with free ([Ca?*] buffered to a 
evel similar to that in the cytosol, InsP, induced the release of 
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Fig. 3 The concentration-effect relationship for the ability of 


InsP, to release *°Ca from permeable hepatocytes. Experiments os 


were carried out as described for Fig. 2a and the amount of Ca 


released was determined at 2 min by which time the effect was 
maximal. “Ca contents were determined by the rapid dilution of —- 


* 


100-yl aliquots of cell suspension in 10 ml of ice-cold isotonic 


sucrose containing 4 mM EGTA and tracer amounts of *H-sucrose 
for determination of trapped volume. The sample was then filtered > 
rapidly through GF/C filters, washed with 10 ml of ice-cold isotonic — 


sucrose, and the filters were counted for radioactivity. Data were 
averaged and the bars indicate s.e.m. for between three and five 
observations except at 5 pM where n = 13 and which includes data 
for which the “Ca content was determined by centrifugation”? 

(from Fig. 2a). i 
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on 
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Fig. 4 Effect of InsP, (5 uM) on the 45Ca content of saponin- : 


treated guinea pig hepatocytes. The saponin-treated hepatocytes < 


were incubated as described for Fig. 2a except that the [Ca**] of 


the cytoplasmic-type medium was increased to 3.3 pM, a con- | 
centration at which there is substantial 2,4-dinitrophenol’ = 
(0.5 mM)-and oligomycin (10 pM)-sensitive *°Ca uptake, presum- -— 

“°Ca uptake was 
much greater than in Fig. 2a and as the endoplasmic reticulum’ 
mechanism saturates at about 3 nmol per mg protein’, most. of Be 


ably by the mitochondria'*. The ATP-depegdent 


the uptake is ATP-dependent uptake into mitochondria. Applica- 
tion of InsP, had no effect on the *°Ca content of the cells. Dat: 
were averaged and the bars indicate s.e.m. of three observ: 


liver is a non-mitochondrial pool, perhaps the endopla 
reticulum. : 

In the liver, as in many other tissues, agonist-induc 
of intracellular Ca is accompanied by an increased 
permeability to Ca (ref. 6). Following inositol lipid br 
the resulting diacylglycerol is rapidly phosphorylate 


a phatidic acid which it has been suggested may media 


b ning _Ca-ionophore (ref. 22. bu 
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l plasma membrane permeability to Ca by the same, as yet 
unknown, mechanism involved in the release of intracellular Ca. 
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Cellular responses to extracellular signals are mediated by 
changes in the intracellular concentrations of one or more 
‘second messengers*. In platelets, inhibitory agonists increase 
intracellular cyclic-3',5’-AMP ({cyclic AMP], (refs 2, 3)) 
_ whereas excitatory agonists increase [Ca]; and/or [1,2- 
diacylglycerol], (refs 4-9), and in some cases decrease [cyclic 
`- AMP]; (refs 10, 11). Both activation and inhibition of platelet 
responses have been attributed to an increase in [cyclic-3’,5’- 
GMP], (refs 8, 12). The activity of protein kinase C, which is 
associated with the platelet secretory response, is increased by 
. both 1,2-diacylglycerol and Ca’* (refs 4, 7, 8). The role of 
--¢yclic AMP may involve either inhibition of Ca?* mobilization 
to the cytosol’? or stimulation of intracellular Ca”* uptake’, 
` -and in addition inhibition of 1,2-diacylglycerol formation’, 
_ The relationship between cyclic-3',5'-GMP (cyclic GMP) and 
j second messengers in platelet activation has not been 
1. Using platelets made permeable by exposure to an 
tense electric field’”'*, we demonstrate here modulation of 
ca** sensitivity of platelet secretion by thrombin, and by 

7 -tetradecanoylphorbol-13-acetate (TPA) and 1-oleyl-2- 

yig ghd: {OAG), both mp tae activators of pori kinase 









bility must now be considered that insP, could ‘also 1 regulate | 
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Fig. 1 The Ca** sensitivity of '*C-serotonin secretion from plate. 
lets in the absence (@) and in the presence of thrombin (©), OAG 
(O) or TPA (@). Human platelets were prepared in the presence ` 
of 0.1 mM _ acetysalicylate as described previously’, and were — 
suspended in medium containing (in mM): glycine, 280; K-gluta- 
mate, 10; ATP, 5; Mg-acetate, 7; PIPES, 20; EGTA, 1; pH 6. 
The platelets were rendered permeable by 10 exposures to a 
intense electric field (20 kV cm™', +~ 30 ps)!” After incubation 
for 15min at 22°C, 1-ml aliquots of the suspension (~ 2x 108. 
cells ml~’) were added to Ca-EGTA buffers and exactly 40 s later 
0.2-ml aliquots of these Ca-challenged cells were added to 0.02 mi- 
of thrombin, QAG, TPA or a control suspending medium. The 
final concentrations of EGTA, thrombin, OAG and TPA in the 0 
cell suspension were 16mM, 0.5Uml™', 30ugmi7! and | 
10 ng ml~’, respectively. After incubation for 5 min at 22°C the. 
platelets were removed by centrifugation at 8,000g for 2 min and 
0.05-ml aliquots of the supernatant fraction assayed for '*C content 
by liquid scintillation counting. The time taken to challenge the 
cells with all the Ca buffers was 10 min, with the order of Ca** — 
challenges being random. The ordinate shows the amount of °C- 
in the supernatant fraction expressed as a percentage of the total - 
‘*C measured by counting aliquots of the cell suspension. The data © 
points refer to the mean of four determinations with the bar 
showing the s.e.m. OAG and TPA were prepared as stock solutions — 
(60 mg ml~' and 10 wg mI~', respectively) in dimethyl! sulphoxide 
(DMSO), dispersed in the suspending medium by sonication under 
N, for 5s, then diluted appropriately in that médium. The final 
concentration of DMSO in the cell suspension was 0.1% (v/v); 
control experiments showed that this level of DMSO had no effect 
on the secretory response and that addition of thrombin, OAG > 
and TPA caused no significant increase in the extent of cellular 
lysis as measured by release of lactate dehydrogenase. Ca?” con- 
centrations were calculated using equilibrium constants of 
10°°!?7M (Ca-EGTA), 1071M (Mg-EGTA), 1073°°M (Ca- 
ATP) and 10°*°*M (Mg-ATP)*. The ECso value for Ca?* is 
2.0 4M in the absence of other additions and 0.3-0.5 uM in a 
presence of 0.5 Umi” thrombin, 10 ng mi! TPA or 30 pg mi! 
OAG. 

























































tion of thrombin or a synthetic activator of protein kinase C ae 
such as QAG”? or TPA*’?, increases the sensitivity of the 
secretory response to Ca?” by shifting the dose-response curve 
to the left (Fig. 1). In addition, thrombin, TPA and OAG cau 
a small increase in the extent of secretion at 1nM Ca 
Althou gh this i increase could indicate the existence of a | secretory! 




















contribution to the overall secretory fi 
conditions used here. Since both ` ; 
effect of thrombin (Fig. 1 
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Fg .2 The effect of cyclic AMP and cyclic GMP on the Ca?* 
sensitivity of 14C-serotonin release in the presence (a) or absence 
` (b) of thrombin. Platelets were prepared and rendered permeable 
s described for Fig. 1 except that the suspending medium con- 
ined 1 mM ATP, 3 mM Mg-acetate, 0.5 mM EGTA and at a pH 
if 6.6. After incubation for 25 min at 22°C, aliquots of the per- 
“meabilized suspension (~4 xX 10° cells ml~!) were incubated for 
5 min at 22 °C with 0.2 uM 3-isobutyl-1-methylxanthine (IBMX) 
and 1ImM_ bis(O-aminophenoxy)ethane-N, N,N’ ,N-tetraacetic 
acid (BAPTA) either alone (@), in the presence of 20 uM cyclic 
AMP (A) or in the presence of 20 uM cyclic GMP (©). 0.1-ml 


n aliquots of these suspensions were added to 0.1 ml of the suspend- 


; ing medium containing Ca-EGTA buffers either alone (b) or in 
- the presence of thrombin (a). The final concentrations of EGTA 
and thrombin were 20 mM and 0.5 U ml’, respectively. The sys- 
tem was incubated for 5 min at 22 °C, centrifuged and the super- 
natant fraction assayed for '*C content as described for Fig. 1. 


== Data points refer to the mean of four determinations with the 


-error bars showing the s.e.m. When Ca-EGTA buffers were added 
_. to the cell suspension containing BAPTA, the pH increased from 
6.6 to 6.7. The Ca?” concentrations stated above were calculated 


3 _ from the Ca-EGTA stability constants at these pHs™*, and from 


the stability constants for Ca- BAPTA and Mg-BAPTA of 1076959 
M and 197177 M, respectively”. The curve drawn through the 
lata points of cells incubated in the absence of thrombin (b) is 

Iso. included as a dashed line in a to facilitate comparison with 

he data obtained i in the presence of thrombin + the cyclic nucleo- 

| ; values for Ca?* obtained from these data are 
a n the PA of 0.5 Um” 
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Fig. 3 Dose-response curves for the effects of cyclic AMP and: 
cyclic GMP on '*C-serotonin secretion mediated by thrombin it 
the presence of four fixed Ca** concentrations. Platelets wëre 
prepared and suspended i in the medium described for Fig. except. 
that 1mM BAPTA was added instead of 1 mM EGTA, and the 
pH of the medium was 6.6. The cells were rendered permeable as 
described for Fig. 1, then incubated for 8-10 min at 22 °C and at 
a cell density of 4x 10° cells mi! in the presence of 5 pM IBMX 
and at concentrations of either cyclic AMP or cyclic GMP as shown. 
0.1-ml aliquots of these suspensions were then added to 0.1 ml of 
the suspending medium containing thrombin and Ca-EGTA 
buffers to give final Ca?* concentrations (calculated) of ~InM 
(@), 0.15 uM (A), 0.5 uM (®) and 5.0 uM (W). The final con- 
centrations of thrombin and EGTA were 0.7 U mi™? and 7.7 mM, 
respectively. After incubation for 5 min at 22 °C the platelets were 
removed and the supernatant fraction assayed for '*C content as _ 
described for Fig. 1. The data points are the mean of four determi-_ F 
nations, with error bars showing the s.e.m. The final Ca?* con- - 
centrations were calculated as described for Fig. 2. No significant 
enhancement of the response was observed at 0.15 pM or 0.5 pM 
Ca** when 20 pM cyclic-2’3’~GMP was used in place of cyclic-3'5’- 
«GMP. 


response to Ca** has been observed on addition to TPA to 
permeabilized adrenal medullary cells**. The data also explain 
the previously reported** difference in secretory behaviour 
between intact and permeabilized platelets, and implicate 1,2- 
diacylglycerol as the factor responsible | for the enhancement by 
thrombin of '*C-serotonin secretion”. Production of 1,2- 


i diacylglycerol on stimulation by thrombin has been observed in 


both intact? and permeabilized (R. J. Haslam, personal com- 

munication) platelets, although in the latter preparation the 

expected phos osphoinositide breakdown”® has not yet been 

demonstrated”. 
Addition of 20 pM cyclic AMP or cyclic GMP has no sig- ; 

nificant effect on the dose-response curve for '4C-serotonin 

secretion induced by addition of Ca** when added alone (Fig. 

2b). However, in the presence of thrombin (Fig. 2a), addition 

of 20 uM cyclic AMP depresses the response to a level approach- 

ing that observed in the presence of Ca** alone by shifting th 

dose-response curve to the right, whereas addition. of 20 

cyclic GMP enhances the response to Ca** by shifting th 

dose-response curve to the left (Fig. 2a). Dose-respon: 

obtained for the effects of cyclic AMP and cyclic GM 

mined i in the presence of thrombin andat four fixed ca 

Ca?“ concentrations (Fig. 3) provide further evidence { 

ficity. Neither cyclic nucleotide has any significant eff 

low or saturating Ca?” concentration where addition of t 

bin causes little, if any, increment in '*C-serotonin s 

(Figs 1, 3). At intermediate Ca** concentrations the pi 

of cyclic AMP markedly inhibits **C-serotonin secreti 

half-maximal inhibition obtained at or below 107 °M 

whereas addition of cyclic GMP- enhances ‘% 


7 secretion with an ECsp in the micromolar range (Fi 








50 








t- SEROTONIN IN SUPERNATANT. 












































Ya Sy ~ SEROTONIN IN SUPERNATANT 





SuM ZuM 
COMP CAMP 





Fig. 4 Effect of raising the OAG and thrombin concentrations 
at fixed calculated Ca** concentrations of 0.17 pM (a) and 0.4 pM 
(6) in the presence and absence of cyclic AMP and cyclic GMP. 
Platelets were prepared and rendered permeable as described for 
Fig. 2. After incubation for 25 min at 22°C the permeabilized 
platelet preparations (~3x 10° cells mi~?) were incubated for a 
further 5 min at 22 °C with 20 mM Ca-EGTA buffers correspond- 
ing to 0.17 uM Ca?” (a) and 0.4 pM Ca** (b). 1.2-mi aliquots of 
the cell suspensions were then incubated for a further 5 min at 
22°C with 0.2 uM IBMX in the absence or presence of 3 uM 
cyclic AMP or 54M cyclic GMP. 0.1-ml aliquots of these sus- 
pensions were then added to 0.05 ml of a cell suspension medium 
containing the same Ca~-EGTA buffers, in the absence of other 
additions (©) or in the presence of OAG (©) or thrombin (@). 
The final concentrations of thrombin and OAG were 0.6 U mI”! 
and 7.5 pg mi~’, respectively. The cell suspensions were incubated 
for 5 min at 22 °C before being centrifuged, and the supernatant 
fraction was assayed for '*C content as described for Fig. 1, Data 
points refer to the mean of four determinations, with the error 
bars showing the s.e.m. The difference in the relative extents of 
the responses to thrombin and OAG as compared with their 
similarity in Fig. 1 results from the use of different OAG concentra- 
tions in these two experiments. 


Studies similar to those shown in Fig. 2 have been performed 
= using OAG instead of thrombin. Addition of cyclic AMP 
(204M) reduces the extent to which OAG shifts the dose- 
> response curve for activation by Ca?” to the left. However, the 
_. effect of cyclic AMP on the Ca**-dependent response to OAG 
_ or TPA occurs at a much higher concentration (ICs > 10 uM) 
than that which inhibits the response to thrombin (IC. = 
0.3 uM) (data not shown but see Fig. 4). The effect of these 
cyclic nucleotides on the secretory response to thrombin or 
OAG has also been examined in conditions which partially 
simulate conditions in the intact cell. At a Ca** concentration 
of 0,17 uM, which approaches that typical of unstimulated intact 
platelets”, addition of thrombin or OAG causes little increase 
_ in the secretory response. This small response is not obviously 
_ inhibited by 3 uM cyclic AMP. The response to thrombin, but 
` not to OAG, is enhanced by addition of 5 uM cyclic GMP (Fig. 
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the. increase ‘in the Ca?* sny of ‘thrombin-induce 
secretion (Fig. 2 and data not shown). At a higher Ca** con 
centration (0.4 uM) which is still below the threshold for induc= 
tion of shape change by ionomycin’, a significant secretoy 
response results from addition of either thrombin or OAG (Fig. | 
4b). At this higher Ca** concentration the response to thrombin | 
is further enhanced in the presence of 5 uM cyclic GMP but is . 
clearly inhibited in the presence of 344M cyclic AMP. The. . 
response to OAG is, in contrast, unaffected by the presence of _ 
cyclic GMP and is only slightly reduced by cyclic AMP (Fig. 45), 
These data therefore suggest that cyclic nucleotide control is 
primarily, although not exclusively, exerted before the forma- 
tion of 1,2-diacylglycerol. Our data provide strong support for . 
inhibition of phospholipase C by cyclic AMP, which has pre-. 
viously been proposed on the basis of data obtained using: — 
dibutyryl cyclic AMP and intact platelets'*'°. This inhibitory 
effect may be exerted directly on phospholipase C or ona factor. 
which regulates the supply of substrate to this enzyme. However, = 
another inhibitory site for cyclic AMP lies beyond phospholipase 
C, on the stimulus-response coupling pathway, but becomes 
important only at higher cyclic AMP concentrations. The effec 
of cyclic GMP is, in contrast, restricted to enhancement of th 
secretory response induced by thrombin at submaximal levels 
of Ca** (Figs 2-4), and may therefore result wholly from direct 
or indirect activation of phospholipase C. Such an effect is 
inconsistent with results obtained using intact platelets in which 
an increase in [cyclic GMP], has been reported to inhibit 
secretion and 1,2-diacylglycerol formation??? but acco: 
with a study in which addition of dibutyryl cyclic GMP enhance 
platelet aggregation and secretion’*. The reason for the dis- 
crepancy with the former studies is. unclear, although the pH 
and temperature used here differ substantially from the condi 
tions in which the response of the intact cell is usually measurec 
However, the intact cell data may be equivocal as certain ag 
for example, sodium nitroprusside, which increase [eyclic GMP" 
also less effectively raise [cyclic AMP], (ref. 28), while. others, : 
such as ascorbic acid, fail to inhibit the aggregatory response*’. 
Furthermore, inhibition of responses by 8- -bromo-cyelic 
GMP??? is not definitive because in other systems the effects 
of membrane-permeant cyclic nucleotide derivatives on intact 
cells have not always been consistent with results obtained by 
direct introduction of cyclic nucleotides into the cytosol’, 

Finally, if inositol-1,4,5-trisphosphate, another product « ft ne. 
breakdown of triphosphoinositide by phospholipase C, caus 
mobilization of Ca?” to the cytosol as described for f 
creatic acinar cell****, control of this enzyme by cyclic ucl 
tides could provide coordinate regulation of Ca’* mobiliza 
and 1,2-diacylglycerol formation in the platelet. 
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Douglas and Rubin’ suggested that “the role of acetylcholine 
as a transmitter at the adrenal medulla is to cause some brief 
change in medullary cells which allows Ca ions to penetrate 
them and trigger the catecholamine ejection: process”. The 
*g**-channel blocking agents, verapamil, nifedipine and nitren- 
ne, have been used widely to investigate the properties of 
low Ca** channels in a variety of tissues’, including the 
drenomedullary chromaffin cell”". Recently, small modifica- 
tions to the nifedipine molecule produced a derivative, BAY-K- 
8644 (methyl-1 „4-dihydro-2,6-dimethyl-3-nitro-4-(2-trifuoro- 
‘methylphenyl)-pyridine-5-carboxylate), that in contrast to the 
-Ca**-channel blocking agents, stimulated cardiac and vascular 


10> 107 


Net catecholamine release (ug per 8 min) 


mooth muscle contractility. We have tested whether this com- 


‘pound behaves as a Ca?*-channel activator at the chromaffin 
cell membrane as shown by Schramm et al. in smooth muscle 
icells. The experiments described here strongly suggest that it 
ES SO. 
Cat adrenal glands were isolated and prepared for retrograde 
perfusion with Krebs-bicarbonate solution at room tem- 
perature®. After 1h initial perfusion with oxygenated Krebs- 3 . 
carbonate solution, spontaneous catecholamine outputs from “1078 1077 1076 1075 1074 
cat adrenal glands amounted to 187 + 24 ng per 10 min (N = 75). | 
n the glands were subsequently stimulated for 2 min, at BAY-K-8644(M) | | 
i in intervals, with isotonic solutions containing increasing Fig. 1 Effects of increasing concentrations of B AY-K-8644 on 
concentrations of K*, the net release of catecholamines was the net release of catecholamines evoked by repeated 2-min pulses _ 
y proportional to the concentration of K” used up to of 17.7 mM K? (NaCl substituted by equiosmolar amounts of KCI), 
{. BAY-K-8644 at concentrations of 1078-107" M did given to perfused cat adrenal glands at 30-min intervals. a, Six 
not affect spontaneous catecholamine output, in the presence pulses of K* were given in the absence or presence of increasing _ 
of BAY-K-8644 (1 pM), the release was 145 +28 ng per 10 min concentrations (abscissa) of BAY-K-8644. These are the results ‘ 
(N=42). A drug concentration of 1 pM markedly increased of a paired typical experiment (out of four) in which one gland — 


eee ; | aw. ‘ oes was free of drug (@) and the contralateral gland was perfused with- 
catecholamine release evoked by 17.7mMK"; while evoked 102-10-"M BAY-K-8644 in a cumulative manner (©); each 
i ‘net release by K was 2.93 = 0.38 Hg per 8 mm = 27), m the concentration of drug was added 10 min before, during the Kto 
~---ence of 1 yM BAY-K-8644 it was 10.1 +1.51 pg per 8 min pulse and until the following concentration was introduced. b, A 
= 14). Secretory responses to 59 mM K* were not affected paired experiment; one gland was perfused with BAY-K-8644 at 
he drug. These results suggest that BAY-K-8644 is not the concentrations shown on the abscissa (O); the contralateral 
cung on quiescent chromaffin cells and that a moderate gland was perfused in addition to this drug, with the Ca°™ channel 
depolarizing stimulus is required for the drug to manifest its antagonist nitrendipine (107° M present 10 min before the first 
potentiating effects on secretion. If this agent were acting on K* pulse and during. the rest of the experiment) (@). Total 
*42* channels, the lack of potentiation of the secretory responses AE ee oF aerated a eT ae pue 
to higher K* concentrations might indicate that in these condi- ee piss sa pes high K“ Hepe ate 
ons, all channels are in their maximal state of activation or lated by subtracting the basal, spontaneous release from the release. © 
_ their most inactivated form. obtained in the 2-min high-K™ sample plus that obtained in three 


* 


Since the potentiation by BAY-K-8644 was greater at moder- additional 2-min samples and expressed as pg per 8 mite 6 2 
‘ately depolarizing stimuli, 17.7 mM K* solutions were used to | | | < 
test the effects of varying concentrations of the drug on K*- tive effect; since high K* is presumed to activate catecholamine 
e. Six 2-min pulses of K” were secretion by directly depolarizing the chromaffin cell and open- 
lands at 20-min intervals; moder- ing voltage-sensitive Ca°* channels”’*, it seems feasible to 

tained. The release was assume that the target receptor for the drug is the slow C 

h pulse, the amount of channel. The fact that nitrendipine (a Ca*”-channel bl 

0% of that obtained agent that potently inhibits catecho ner 
nicotine or high K`)? antagonizes 


he p 
BAY-K-8644 on K*-evoked secretion (Fi 
rend with this conjecture. a R f 
: influx of *°Ca by the chromaffin cell; this was certe 
„acutely isolated chromaffin cells suspended | 
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Fig. 3 Specific binding of *H-nitrendipine to bovine adreno-~ 

medullary membrane fragments and its displacement by BAY-K-. 
8644. A crude microsomal fraction isolated from bovine. adrenal 
medulla homogenates (0.3M sucrose containing 10mM_ Tris. 

buffer, pH 7.4) was used as the source of membranes. The reaction: 
mixture consisted of 300 ug membrane protein, 50. mM Tris buff 
pH 7.4, 1 nM *H-nitrendipine and increasing concentrations € 
displacing agent (abscissa). Incubation was at 37 °C under a sodiu 
lamp for 30 min. The ordinate shows °H- -nitrendipine specificall 
bound to membranes as. % of maximal binding in the absence of | 
displacing agent. ICs, values for nitrendipine and BAY- K-8644 
were, respectively, 1 and 50 nM. Data are means + s.e. of three to” 
six experiments. ©, Imipramine; @, cocaine; W, nicotine; A BAY- 
20 K*[mM] 40 60 _ K-8644; A, nitrendipine. 


*°Ca uptake (pmol per cell) 


ad 
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Fe 2 pace A abet Ca peas into god area the lower K* concentration but not when 59 mM K“ was use 
___ bovine adrenal chromaffin cells prepared as previously descri suggesting once more that at higher K* concentrations, Ca’ 
os ai ar en o high PT E ca channels might be fully activated and that *°Ca entry throug 
in the absence (control) or the presence of BA Y-K-8644 (1 pM). them cannot be further increased. Note that BAY-K-8644 
Inmediately after isolation and washing, cells were incubated in slightly but significantly enhanced the “°Ca taken up by quie E 
“oxygenated Krebs-bicarbonate solution at 37 °C for 15 min; then cells (P<0.01, N= 8); this finding contrasts with the k 
_ aliquots of the cell suspension containing 5 x 10° cells were added effect of the drug on spontaneous catecholamine releas 
© to iml Krebs solution with 17.7 mM K” (NaCl reduced equi- rabbit aorta contractility’. Even so, these experiments sup 
_. osmotically) and 3 x 10° c.p.m. “*Ca per assay (Amersham; specific the suggestion that this agent is promoting Ca?” uptake thr 
` Tre 20.1 mCi a In es sri Sane y tay rs gh specific voltage-sensitive Ca** channels. 
{T uM) was present 15 min ore adding an a. One, five 3 ` Bakan 
< or ten minutes after adding 45Ca and K*, 3 ml Krebs solution (with H- e i n been rt SA o radiolig; 
or without BAY-K-8644) were added and the cells centrifuged at characterize, the MY SE OPS ne receptor PLORA NyA 
:2,000 r.p.m. for 10 min; cells were resuspended and washed four with the Ci za? * channel in various tissues” including the 
- times in the above solution. Finally, they were vigorously resus- medulla’. Since nitrendipine antagonized the potentiating 
` pended in 2mi of 0.4M perchloric acid and centrifuged at effects of BAY-K-8644 on catecholamine release evoked b 
2,000 r.p.m. for 10 min; 0.5 ml of the supernatants were added to high K*, the possible modification of °H- -nitrendipine binding ; 
Sml Instagel (Packard) and the radioactivity was counted in a to membranes could help to define further its presumed binding 
cs LS2800 Beckman scintillation counter. “Ca taken up and retained site on the chromaffin cell membrane and potentiation of K*- 2 er 


- by cells was expressed as pmol per cell (ordinate). Data are means + evoked catecholamine release. Measurements of °H-nitren- an 
` s.e. of eight experiments. b, Effects of BA Y-K-8644 on *°Ca uptake : 


by chromaffin cells suspended i in solutions containing 5.9 (normal dipine-specific binding to. membrane fragments from bovine oy 








drenal medulla demonstrate a saturable binding with an 3 & 

Krebs), 17.7 or 59mM K*, BAY-K-8644 (1 uM) was present a aR 

min: before and during K* stimulation. Conditions nen as apparent Kp of 1.18 +0.32 nM and a Bmax of 325.4 + 136 fmol 
above. Results are means +s.e. of eight experiments. per mg protein (N =4). These values are compatible with the 





presence in the chromaffin cell membrane of a high-affinity 
ce of 17.7 mM K*, in relation to the uptake observed in binding site probably associated with the voltage-dependent 
imulated cells; uptake was almost complete after 1 min Ca*” channel. The specificity of the radioligand for the C: 
h it continued to rise slightly after Sor 10min channel is further corroborated=by the fact that agents which} 

ati . 2a). When cells were suspended in the presence bind to the acetylcholine site (nicotine) or to the ionophori 
Y -K- 8644 at a concentration (1076 M) which maximally site (imipramine, cocaine)” of the nicotinic cholinocepto: 

ited K Grek catecholamine is suns ia) Ca not affect a binding (Fig. 3). In contrast, B 




















y depolarizing agents? ai ma, and monitoring of = 
nsmembrane fluxes'*~!® or electrical: recordings using patch- 
mp techniques’ ’ have indicated the presence in the chromaffin 
cell membrane of slow Ca** channels which are sensitive to 

@age changes. The potency of nitrendipine i in inhibiting’ and 
of BAY-K-8644 in enhancing K*-evoked catecholamine 
ase suggests that the chromaffin cell membrane might con- 
E a ‘dihydropyridine’ receptor closely related to this voltage- 
nsitive slow Ca*~ channel; if so, it is likely that an endogenous 
modulator for such a receptor might be manufactured by the 
cell to control the activation and inactivation of Ca2* channels 
_ either from the cytosol or from the cell exterior after its 
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During human development there is a switch from fetal to adult 
aen Tepo formation, reflecting the differential expression of 
‘fetal ( 'y and ^y) and adult (£ and &) globin genes. Mutations 
that inhibit this switch produce variants of the syndrome of 
hereditary persistence of fetal haemoglobin (HPFH). Adult 
heterozygotes for these mutants produce 15-30% fetal haemo- 
-globin (HbF) in their red cells’. The general assumption is that 

e mutations result in a permanent switching on of y-globin 

nes. Here, however, we show that fetal globin expression can 

turned off in cultures of HPFH cells by an uncharacterized 
‘factor in fetal sheep serum. This is the first demonstration that 
mutations affecting the developmental expression of globin 
-genes can be modulated by exogenous factors. The findings 

- raise the possibility that the phenotype of HPFH is not simply 
-the direct result of mutations in or around globin genes but the 
consequence of the mutations on the interaction of globin genes 

< with trans-acting regulatory factors. 

The studies described here followed the observation that an 
<- activity (named haemoglobin switching activity? *) present in 
~.. sera from sheep fetuses has profound effects on HbF expression 
~ in cultures of human erythroid cells. This activity (the nature 
Of which remains unknown) turns off HbF synthesis in cultures 

- of erythroid progenitors from normal adults, from persons with 
activated HbF synthesis in vivo, and from patients with sickle 
cell anaemia or a B-thalassaemia syndrome*™*. The activity 
duces switching of HbF to HbA synthesis in neonatal erythroid 
ogenitor cultures, but fails to induce HbF to HbA switching 

n cultures of fetal burst-forming units (BFU-E)? *, In vitro 
tudies suggest that haemoglobin switching occurs through a 
irect interaction with early as well as late erythroid pro- 


» availability of culture conditions that can n modify HbF 
yn has enable J sti FE , 












~ exocy totic release, as ae for amoath muscle cells 
case, the dihydropyridine BAY-K-8644 might be the first cc 
pound available to manipulate pharmacologically the ates of 
activation or inactivation of Ca?* channels; if so, it will pro 
a useful tool for studying the properties of such channels as: 
as their functional dynamics during the secretory cycli 
catecholamines and other neurotransmitters and hormones. 
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mutations with cis y and ^y but not B and 8 (CyAy HPFHY 
globin expression or cis Sy ey HPFH) or ^y (ôy HPFH) chain — 
synthesis are known’. Previous structural analyses have revealed i 
various deletions in the B-globin genomic regions of ‘ T ye 
HPFH mutants but no globin gene abnormalities in the fy or ` 
^y HPFH mutants>'*. How these mutations continue to express 
HbF in the adult and whether the structural anomalies of the 
Sy^y HPFH mutations affect the normal mechanism that con- 
trols haemoglobin switching, remain unknown. | : 
In the present study, erythroid. progenitors (BFU- -E) were 4 
cultured in the conditions described in Fig. 1 legend. Cells were - 
grown in semisolid media and mature erythroid clones collected 
after 15-17 days in culture, incubated with 7H-leucine and used 
to measure the incorporation of radioactivity into the globin. 
chains as described previously’®’’. Media in control cultures 
contained fetal calf serum (FCS). In the experimental cultures, 
FCS was substituted by a preparation of fetal sheep serum (FSS) 
which potently induced HbF to HbA switching in cultures of 
neonatal BFU-E and BFU-E from persons with an acquired : 
HbF elevation. ; 
As shown in Fig. 1, cultures of cells from two Gy“ y HPFH 
heterozygotes (having a mutation that deletes part of the ^y to 
ô flanking region, the 6 and B genes and several kilobases 3° 
of the B gene) produced 25-40% HbF in the control FCS. 
cultures. In FSS cultures, however, HbF synthesis ranged from 
barely detectable to a maximum of 2%. Cells from two othe 
“yy HPFH carriers, in whom the molecular lesion has: not 
been defined, showed a similar degree of abrogation of HbF. 
synthesis in FSS cultures. To test the response of non-deletion 
HPFH variants, we cultured erythroid cells from a heterozygote 
for the Greek “y HPFH and a heterozygote for the African °y 
HPFH. These cells produced 20-35% HbF in FCS cultures, but 
barely measurable amounts in FSS cultures (Fig. 1). 9 
Several experiments were done to determine the reason for 
the inhibition of HPFH expression in FSS cultures. It is known 
that y and 8 globins are produced asynchronously during eryth- 
roblast maturation, y globin and y mRNA accumulating 
immature erythroblasts, with B-globin expression increasing 
mature erythroblasts'*'°. To test whether FSS decreas 
through this maturational mechanism, deletion HPFH B 
were cultured and immature clones (composed of proer’ 
lasts and basophilic erythroblasts) or mature clones (co 
of polychromatophilic and orthochromatic erythroblast 
collected separately and used to assess globin biosynt 
found that the immature HPFH erythroblasts had’ the 
globin synthesis characteristic of FSS wales s a resu ilt 


1. ing the possibility of maturational mo 
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Fig. 1 Globin chain biosynthesis {expressed as y/ y+ B ratio) in 
cultures of erythroid cells from humans heterozygous for 
hereditary persistence of fetal haemoglobin. a, Cultures performed 
in FCS. b, Cultures performed with FSS containing haemoglobin 
switching activity. Each line represents the results of a separate 
experiment. Left panel: results with cells of two Gy4y HPEH 
heterozygotes who, by globin gene restriction endonuclease map- 
ping, were found to carry the Ghana type deletion HPFH muta- 
tion''°. Middle panel: results from cultures of two Sy^y HPFH 
heterozygotes whose mutation has not been molecularly character- 
ized. Right panel: findings in two non-deletion mutations, °y 
HPFH (—) and Greek ^y HPFH (---). Note in all panels the 
striking reduction of y-globin synthesis in b. In addition to the 
striking differences in y/ y+ ratios, the a/non-a ratios differed 
between FCS and FSS cultures (being 10-20% higher in the latter). 
This is expected, as turning off the y-chain, synthesis in the mutant 
HPFH chromosome will result in a /non-a chain imbalance. 
Methods: Peripheral blood was used as a source of erythroid 
Progenitors. After Hypaque—Ficoll centrifugation interphase cells 
_ were collected, washed and adhered to plastic surfaces to remove 
the majority of adherent cells. Non-adherent cells were inoculated 
at appropriate concentrations (1-3 10° m`!) in methylcellulose 
in the presence of erythropoietin, T-cell-derived conditioned 
medium and either FCS or a FSS preparation known to contain 
Hb switching activity. In these conditions erythroid progenitors 
(burst forming units, BFU-E) produce large, multi-lobed erythroid 
_. colonies (erythroid bursts) that mature in culture during days 
13-20. Mature erythroid bursts were lifted from the plates, pooled 
according to experimental category and used to measure globin 
chain synthesis. 


a b c 


= that the FSS-grown immature HPFH erythroblasts already have 
_ been programmed to produce low amounts of HbF. To test 


Binn, whether our findings reflected an absolute reduction of y-globin 


chain production, we performed experiments using fluorescent 
anti-globin chain monoclonal antibodies. A double-labelling 
procedure (described in Fig. 2 legend) was used and over 50 
clones (per experiment) were analysed for y- and B-globin 
_ expression. Clones grown in FCS displayed the pancellular 
expression of HbF characteristic of HPFH mutations (Fig. 2) 
<= whereas in most FSS-grown HPFH clones, y globin was barely 


cS detectable. In other experiments, some cells from FSS-grown 
__. clones expressed HbF (Fig. 2). These results showed that culture 
in FSS results in a marked reduction of y-chain expression in 


_. the HPFH erythroblasts. 
_. To test directly whether HbF was turned off through an 
-interaction between HPFH cells and the switching activity in 
FSS cultures, experiments were performed using split clones. 
tion HPFH BFU-E were cultured in either FCS or FSS. 
n the clones had reached a size of about 50 cells (five to 
ogenitor cell divisions), each clone was divided into two 
al parts, one part being transferred oa plate contain- 





ther part to a plate containig FSS. The clones 


nd mature (five 


Sete 





) Six ce ons) and then _ 
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Fig. 2 Immunofluorescent labelling of HPFH clones. Mature _ 
clones were lifted from the cultures, fixed and labelled with an 
anti-y chain monoclonal antibody and rabbit anti-mouse 
F(ab)3-fluorescein isothiocyanate (FITC) and counter-labelled © 
with an anti-@ globin chain monoclonal antibody conjugated to 
rhodamine. This double-labelling approach allows detection of 
both y and @ globins in each cell of a clone. 1F and 2F show two 
FCS-grown clones labelled with the anti-y globin-FITC. Note the ` 
strong labelling of all the cells. 3, 4 and 5 are FSS-grown clones 
labelled with anti-y FITC (3F, 4F, 5F) and anti-8 rhodamine k 
(3A, 4A, SA). Note that in 3F, 4F and 5F the majority of cells- 
either fail to be labelled by the anti--y-chain antibody or are labelled - 
very faintly, showing the reduced total accumulation of HbF in 
the cells of FSS-grown clones. E 


F 


used for globin analysis. As shown in Table 1, there are striking | ee 
differences in HbF production between the parts of a clone — hee 
transferred to FSS or to FCS, showing directly that the progeny 0 


of the same HPFH progenitor can produce high or low HbF 
depending on the environment. Of special significance are the _ 
low HbF levels observed in the FSS to FCS transfers (Table 1); 
they show that the expression of the HPFH mutation can be 
altered even when the cells forming a clone are exposed to the 
inductive environment only during the initial Stages of their in. 
vitro differentiation, | | 
The present findings in HPFH cultures are identical to findings 
in normal and haemoglobinopathic cell cultures reported by us. 
previously*™*. The fact that the HPFH cells return to the normal 


pattern for adult cells (that is, turning off HbF expression) when _ 


cultured in FSS suggests that the HPFH mutations can 
modulated by exogenous factors. Previously, the phenotyp 
consequences of HPFH mutations have been interpreted to 
mean that in the deletion mutations, a cis-acting regulatory 
element which usually turns off the y genes is deleted, while 
the non-deletion HPFH are mutations of. č ny el au 
that regulate the individual °y or ^y g 7 





ted here are compatible with ar 


_ the response of the m 















initial yiy+ Bi in part of done grown in 
FRONIN in FCS FSS 


FCS 0.26 0.01 
-FCS 0.35 0.03 
FCS 0.22 0.01 
0.33 0.02 

0.24 0.03 

0.59 0.02 

0.33 0.06 

0.18 0.02 

0.13 0.01 

0.12 0.02 

0.07 0.01 

0.15 0.03 

0.19 0.02 

0.15 0.01 


ess were grown in FCS or FSS. At the 30-50-cell stage the clone 

vided into two parts by in situ micromanipulation. Using an. 

ipette, one part of the clone was lifted and implanted in a 

methylcellulose plate containing FCS; the other part of the 

lifted and implanted in a cell-free methylcellulose plate 

ning FSS. The transferred parts of the clones were left to grow 

re. At maturation the two parts were of similar sizes (as shown 

vy urface counting). The mature clones were plucked out of the plates, 

each part was incubated with *H-leucine separately and used for 

‘globin chain isoelectric focusing to measure the y/y+ 8 globin ehain 
synthesis ratio. 


yans-acting regulatory elements that control haemoglobin 
ching may be altered, so that higher levels of trans-acting 
regulatory elements are required to turn off the expression of 
HbF in the mutant adult cells. The differences in the degree of 
inhibition of HbF noted in the split clone transfers (Table 1) 
and in the studies of single clones by immunofluorescence sup- 
port this postulate. The hypothesis can also explain the paradox 
that HbF can be turned off in vitro in mutants that express this 
‘haemoglobin in vivo in conditions of normal erythropoiesis. 
_Previous work has shown that adult erythroid progenitors 
“have an inherent potential to form progeny which express fetal 
aemoglobin*’. This HbF potential is presumably lost during 
lownstream differentiation through interactions between 
‘progenitors and the inductive environment of adult 
haematopioesis***°, In HPFH mutations, the structural 
anomalies in the globin genomic region are expected to augment 
the HbF potential of erythroid progenitors. In the conditions 
_ of haematopoietic differentiation that prevail in the marrow of 
¥HPFH heterozygotes, the normal level of the inductive environ- 
nt is not enough to modulate the augmented HbF potential 
of HPFH progenitors, and terminal cells expressing HbF are 
formed. In FSS cultures, haemoglobin switching activity is pres- 
ent in excess throughout erythroid cell development, allowing 
> a degree of cell-environment interaction that can turn off the 
_.. augmented HbF potential of HPFH progenitors; as a result, 
_-- erythroblasts lacking HbF are produced. 
_. These studies were supported by NIH grants HL 20899 and 
< = AM 20233. 
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The genetic basis of the antibody repertoire—estimated to 
exceed 10° different immunoglobulin molecules—is a major 
unanswered problem’. The number of germ-line V, genes in _ 
the mouse genome is probably several hundred** while the 
corresponding number for three out of four human V, sub- 
groups ( Ver Vem and Vay) is probably altogether only 15-20 E 
(ref. 5). The xII proteins difter significantly in sequence from 
the other «-chain proteins. To determine the contribution of 
Veu genes to «-chain diversity, we searched for a human 
lymphoid cell line which produces a «II chain and report here | 
for the first time the sequence of a V y gene. According to blot | 
hybridizations with this V„ gene as a probe, subgroup II con- 
tributes about half as many genes to the V, gene repertoire as 
are detected by a V. probe. Therefore the repertoire is rather 
small which implies that somatic mutations’~’ or other mechan- 
isms must play an important role in the generation of light-c hain: 
diversity in humans. = 
Subgroups I-II (refs 10, 11), and IV (ref. 12) were defined. 
on the basis of the amino acid sequences of x-type Bence~Jones 
and myeloma proteins. All human « chains now known fit into’ 
this classification’. Recently, it has become clear that both a 
number of germ-line V, genes and somatic processes, includin; 
somatic point mutations, contribute to the sequence variation. 
among light chains'*. Recent advances in molecular cloning 
have made it possible to estimate the relative n of 
germ-line V, genes to the light-chain diversity. Ve and Vian 
probes hybridized not only with each other but dice detected, 
in blot experiments with digests of total human DNA, essentially 
the same bands corresponding probably to the same 15-20 V, 
genes”. Since subgroup | and III proteins are more closely related 
to subgroup IV proteins than to one another, it was suggested 
that these 15-20 genes may also contain the V iy genes. ae 
The development of subgroup specific antisera’? made it 
possible to assign x chains to the subgroups without determining ; 
the amino acid sequences. Using such antisera in immu- 
nodiffusion assays with supernatants from various cell lines we: 
found that the x chain excreted by the human lymphoblastoid. 
cell line GM 607 belongs to subgroup II. The cell line GM 607 
which had been used in a number of studies (see, for exampl ; 
ref. 14) contains one rearranged and one germ-line C, gen 
The rearranged V.-C, region was cloned (Fig. 1) and the 
gene region sequenced (Fig. 2). The amino acid sequence 
was obtained from the DNA sequence confirms the sero 
assignment of the GM 607 « chain to subgroup IL. Cod 
97-108 are derived from the gene segment J1. The assig 


2 “of the sequence to subgroup II is unequivocal since all sul 
| ‘specific amino-acids were found i in the characteristic. pos 


there isa 98% homolo 7 





Fig. 1 Restriction map and sequencing strategy of a V, gene cloned from DNA of the lymphoblastoid cell line GM 607. The « ce 
had been derived from a clinically unaffected person was obtained from the Human Genetic Mutant Cell Repository (Camden, N 
A BamHI digest of GM 607 DNA was electrophoretically separated and the 8-kb region cloned in Charon 30 (ref. 20). This 

= which hybridized with a cloned 2.6-kb EcoRI fragment from the human C, region”'. The C, clone was derived from a 10.6-kb Bai 
_. which in turn had been isolated from human placenta DNA using a mouse J, region clone (1.56-kb Hindlil-Hindīl; ref. 22). From 
607 clone (a) which contains an unrelated DNA fragment (. ) in addition to the «x gene, the subclone (b) was prepared it 
derivative which contains a Sst] site instead of the HindIII site. For sequencing, the BamHI-Taql fragment was cloned in M1: 

(ref. 23). Bm, BamHI; HII, Hindli; HHI, Hindli; RI, EcoRI. 


{7 FR i CDR 1 
= =H 1 10 20 7 | 
| BlvSerSerGlivaselleValmMetThrGinSerf roLeuSerLeuP roVal ThrProGly61luP roflaserl leSerCusarsSerser 
| GGATCCAGTGGGGATATTGTGATGACTCAGTCTCCACTCTCCC TGCCCETCACCEE TGGAGAGCOGEGCE TCCATC ICCTGCAGGTCTAGT 
-10 1 * * ba * x $ 


CBR 2 
27 270 B C D E 28 30 40 s50 
GinSerLeuleuHisSerAsnGlyTsraAsntvrleunse lt rrTarleuGiniysProGiyGinserPreGinteuwteulleTyrlLeuGly 
CAGAGCCTCCTCCATAGTAATGGATACAAC TAT TTGGAT TGGTACCTGCAGAAGCCAGGGCAGTC TCCACAGCTCCTGATCTATTTGGGT 
x x x x * x * * + 


FR 3 
40 79 89 
SerAsnArsél aSerGlsValProAssArsPheSerGlySerGlySerGlyThrasePheThrLeulws lleSerAarsvalGluAlaGlu 
TCTAATCGGGCC TCCGGEGGTCCCTGACAGGT TCAGTGGCAG TGGATCAGGCACAGAT TT TACAC TGAAARTCAGCAGAGTGGAGGC TGAG 
z $ * * * * % 


COR 3 
20 
AseValGlwValTurlyrCystetGlnAlaleuGlnthrFroGintThrFheGlyGlnGlyThrlyvsValGlulielwsars 
GATGTTGGGGTTTATTACTGCATGCAAGCTETACAAAC TCC TCAGACGT TCGGCCAAGGGACCAAGG TGGAAATCARACGTGAGTAGAAT 
* * x 2 * | Jt x x * * 


TTARACTTTGCTICCTCAGTTGICIGIGICTTICTGTICCCTGTGTCTATGAAGTGATCTATAAGGTGACTCTGCARTCAGCCTCTGATAT 
s s * * * * * * * 


CCT TCAGBGAARAGATAAAGATAAGTCTGTAGTCAAACTCGA 
= eu = * * * 


Saas of iè v, -dy gene region of the rearranged allele of GM 607. The M13mp8 and mp9 subclones (Fig. 1) were sequenced bY oe 

ain: terminator method24 a 1-m long gels (ref. 25 and H. R, Jaenichen et al., manuscript in preparation). Numbering of codons/amino = 

acids is according to Kabat et al. V, u specific amino acids are underlined. The Ji and intron sequence is identical to the sequence of Hieter = 
E ‘except for a GTG instead of a GTTG and a C instead of a T (positions 401-403 and 436, respectively, in our numbering). Regions, A 

L’, leader; FR, framework; CDR, complementarity determining. ae 


mismatch. The ea a between the complementarity deter- 
mining regions of the V,, and V.n genes were found to be low: 
- CDRI, 55%; CDR2, 33%; CDR3, 29%. Although th 

so tenion in inci intron and leader ue -framework regions of the two genes show fairly high homolog 
ated, the seieoment of codons —1 to -4toamino . (FR1, 62%; FR2, 80%; FR3, 76%) the degree of cross* 
-hybridization was very low. In dot blot’? experiments (Fig. 3) 

e sequer cë “at the V, gene of GM 607 shares 64% 3% of cross-hybridization were found under stringent and 
gy with the published sec eae of the Ysi gme HK 102 under ee betes in Southern” I 
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ss-hybridization between V, genes of subgroups I and 
INAs used were derived from the GM 607 subclone in 
9: (Fig. 1) (Va) and from a V, clone in M13 phage. The 
, comprise 492 and 550 bp, respectively, the latter one being 
identical to the Pstl fragment of HK 102 (ref. 16; H. R. Jaenichen 
et al., manuscript in preparation). The inserts were self-ligated to 
“sizes of at least 5 kb. Approximately 0.06 to 1 pg DNA each of 
the DNAs were applied to nitrocellulose paper and immobilized’’. 
The same DNAs were nick-translated to about equal specific 
_. radioactivities with [a-**P]dATP and [a-**P]dCTP*®. Self- and 
_ cross-hybridizations were carried out in 6 X SSC at 68 °C; washing 
was with 6SSC or down to 0.1 XSSC (non-stringent and strin- 

_ gent, respectively). Individual dots were cut out (1. cm” each), 
- counted, and the values plotted (after subtraction of blanks); 
-. Non-stringent self- ships gt? (~4,000 c.p.m.) were taken as 
100%. Self-hybridizations with V,, DNA (©, @) n u DNA 
(O, Æ), cross-hybridizations with V,, (A, A) and V,y, (V, V) 
“DNAs as probes; open and closed symbols represent stringent and 

| non-stringent conditions. 








under various conditions with the V. and, for comparison, the 
V. probes (Fig. 4). With the V,, probe we obtained band 
© rns very similar to those of Bentley and Rabbitts’ who 
oreted them to represent 15-20 V, genes. Such an interpre- 
ion is possible since the authors found only little polymorph- 
ism of restriction sites in the V, locus; they also took into 
account, as far as possible, the different intensities of the bands 
n the blot hybridization experiments. On the same basis we 
estimate that the V.n subgroup contains about half as many 
genes as are detected with the V, probe. The strong bands of 
he Ver patterns cannot represent V, genes because cross- 

; Pyörinization between the two DNA probes is negligible. 
"Any figure for the number of different genes in the human 
a V, locus which is based on the counting of bands in an elec- 
< trophoretic separation can be taken only as an estimate. The 
“sequence divergence within the subgroups could be rather high 
«so that a subgroup-specific probe would detect extreme variants 
only as weak bands. The degree of cross-hybridization between 
the subgroups, on the other hand, is difficult to predict on the 


source of both possible over- and underestimates of gene 
mbers. The presence of very homologous genes probably 
sing from recent gene duplication(s) in the V, locus, means 
that the actual number of V, genes detected by a subgroup | 
probe may be somewhat higher’? than originally proposed’. 








basis of amino acid or even nucleic acid sequences; this may be ~ 


hen several AETERNE prons are available for at of the Oe 
: Seren ill t i Į5;. Putnam, F. W., Whitley, E. J. Jr, Paul, C, & Davidson, J. N. Biochemistry 2, 






Fig.4 Hybridization of restriction nuclease digests of totalhuman | > 
DNA with V,, and Vy probes. 15 pg each of BamHI, EcoRI 

and Beglll digests of human placenta DNA were separated elec- 
trophoretically on 6 mm thick 1% agarose gels in a buffer (simila: 
to ref. 27), 40 mM Tris, 20 mM sodium acetate, 1 mM EDTA, pH 
7.4. After blotting” hybridization with the nick-translated pro 
(Fig. 3) was in 3xXSSC at 68°C and washing in 2xSSC. Auto: 
radiography was without intensifying screens. | 








whole V, locus has been cloned. Since only sequencing can 
distinguish between potentially functional genes and 
pseudogenes, the exact determination of the functional V, aS 
repertoire is a long-term project. Present estimates, hi 
clearly indicate that in humans the V, gene repertoire i 
tively small and that other mechanisms, for example, somatic 
mutation, must contribute significantly to the Eeneraton: of the — 
V,.-sequence diversity. _ RE 

After submission of the present report, a paper was pub- 
lished** describing the sequence and hybridization properties -< 
of a Ve cDNA. The results are interpreted to be in agreement —- 
with Bentley and Rabbitts’ and 50 or less germ-line Ve genes 
are proposed. ie 
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Class HI antigens of the major histecompatibility complex 
(MHC) consist of a family of closely related cell surface- 
expressed: glycoproteins. These antigens, which are genetically 
E polymorphi + control important aspects of the immune 
— response’. At least three types of human class II antigens, 
gamely, DR, DC and SB (refs 2-4), have been identified. All 
_ class Il antigens are heterodimers composed of one a- and one 
_ B-chain. The genes for both types of subunits are encompassed 
- within the MHC*°*, The general features of the DC and DR 
antigens have recently been elucidated”. Much less is known, 
however, about the SB molecules’. Here we describe the 
isolation of a cDNA clone as well as a genomic clone encoding 
a B-chain whose amino acid sequence is compatible with the 
partial amino-terminal sequence of SB B-chains’®. 
Recent studies have shown that part of the 3’-untranslated 
regions of DR and DC cDNA clones can be used as locus-specific 


probes in hybridization experiments'’. This information 
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-d 
€ Tibrary"™ Colo 
“ations were carried out separately using probes correspon 
to the translated and the 3’-untranslated portions of DR 
DC B cDNA clones, respectively'*’”. One cDNA clone, p 
7, hybridized to the probes corresponding to the translated <- 
portions but did not hybridize to the 3’-untranslated probes, . 
Therefore, pIl-8-7 was characterized by restriction mapping 
and nucleotide sequence- analysis. Figure 1 summarizes the _ 
results and displays the amino acid sequence predicted from the- 
nucleotide sequence; the data demonstrate that pII-8-7 is trun- 
cated in the 5’ region as only three of the four cysteine codons, 
characteristic for all B-chains sequenced so far”! "%14 are pres- 
ent in the clone (compare Fig. 2). 

To deduce the amino-terminal sequence of a B-chain of the | 
same type as that encoded by plI-8-7, we isolated a genomic _ 
clone from a DR/Dw 4/4 cosmid library (B. Servenius etal, 
in preparation) with this cDNA clone as the probe. This cosmid z 
clone, cosII-412, contains a 8 gene that is related to pII-B-7 
according to the following criteria: the 3’-untranslated sequen- 
ces of the two clones show 90% homology (data not shown) 
No homology whatsoever is found between the 3'-untranslat 3 
portions of these clones and clones encoding DR and 
chains. The exon encoding the first domain of cosII-412 is higt 
homologous to the portion of pII-8-7 available for compariso 
Also, the amino acid sequences predicted from the. two clone 
are homologous (Fig. 1b). The six nucleotide substitutions. 
between the sequenced portions of cosII-412 and pll-6 
(derived from a DR 3/w6 library) are not unexpected as 
polymorphism of othe B-chains is almost exclusively localized 
the first domain?’ ` 

plI-8-7 and coslI-412 encode -chains that are distinct from, 
but homologous to, DR and DC £8-chains (Fig. 2). To obtain 
maximal homology with the latter sequences, a gap of two 
residues had to be introduced into the amino acid sequence 
predicted from cosII-412. Accordingly, the acceptor site of the 
first splice junction in cosI]-412 resides in the same codon (+5) | 
as in DC £ (ref. 20) and DR B genes (D. Larhammar et al, in > 
preparation), assuming that the same number of amino acids _ 
are encoded by the signal sequence exons. The extracellular 
portions of the B-chains corresponding to pII-B-7 and cosII-412 _ 


































Fig. 1 a, Restriction map of the pl!-8-7 . 
cDNA insert, with the translated portion indi- © 
cated by a thick line. The shortest distance _ 
from the cloning site (Pst!) to the EcoRI si 
at position 0 in pBR322 is indicated, 
sequencing strategy is shown by arrow 
The nucleotide and predicted amino acid 
sequences of the cDNA insert of pII-8-7 and 





oo of the first domain exon of cosII-412. 
costras PAE RAC AGE Bhd Riu op Als Aca Ens Age RAL Age val Gay Glu Phe Aca Ala vai The Giu hou Say Arg Prg ai Asterisks denote nucleotide substitutions oa 
pide? n IET f C. + uubs ns 
d keg Beas of between the two sequences. Amino acid = 
pn replacements are underlined. The nucleotide = =o. 
costera GP GAS GAG THE TOE RRC AEE GAG KKG GRE ABS Efe GAH GAN KKE DEA GAR UNG ERG ARE AGE at He R sequence was determined according to the 
PEA? SOT SOS RE RE FRE AAS WOE ENS MMS GEE ATS ETE QRS RS BAG OG GER GEE gee GAC AE GEAmcclaca gac gy procedure of Maxam and Gilbert**. Cysteine 
2 | ere 7 residues, which by homology to other class II. 
costaz ARE EXE GAN ERE BAR Ske Eee Sisk TOE Stu BAO Aca Beg ot | 286 antigen -chains are disulphide-linked, are =i 
PIS pr? AAC Tae ane cre ghe po foc Gre ACC ETG GME GUC con GIT gaa ger Ane grolARe Git eches BCE ye tps LGR boxed, as are two putative attachment sites 
| | for N-linked oligosaccharides at Asn 19 and 
p oe e ey Bis. Dag Tag eh ae Aes “a se (EtA Vah AAN gay ae ppr tht Be se Beg ay ears p EM wy Ae Re Hy ASN 9s. The iasi residue is numbered 
* PREG A Gu GAC NG tS ARP EE WG GET SUE EP AGE AG EE AIEEE eR MERE A AE Ge m 15 in accordance with DR and DC £ sequen- 


ces, cosli-412 was isolated from a genomic. 
library consisting of DNA from an Dw/DR 
pe individual Leb one with Mbe 


Bre See feu Rep = £34 
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costi#l2 LF: | GEFRAVTEL 


pii-:-7 oe | LAL ) 
pli-t-) RDSPEDFVYQF FD GEFRAVTLLG LIP 
pli-s-3 GDOTRPRFLEYST GEFRAVTELGIR P 


| 70 110 
costisi2zfw SQKDILEE 
o PIT-3-7 HSOKDILEE > DI 3 KGPLQOHHNWLUVCHY TOF 
STi- ims oe ors efR TEALNHHNLLVCSYTDF. 
| TQOPLQOHHNLLVCSYVSGF 


130 170 180 

7 YPGSIQVAW | QOGDOVYICQOVEHTSELENSP 
YPAQIKVRE 4 RGDVYTCHVEHPSLOSP 
YPGSTEVR# I} | -RSGEVYTCQOVEHPSVTSP 


190 236 240 
VTPVEWRAQS A i KACKFREDLHKOGS 
ITVEWRAQS Lu 
LTVEWRARS Vv F Í SGLOPRGFLS 


a Comparison of the amino acid b 

B ‘predicted from plI-8-7 and cosll- 38 / rg 
412 with the corresponding sequences of plI-B- cosil412 wEciFiocrgec® bre 

: (pc)" and pll-B-3 (DR)! A gap of two coskl1o2 RDSPED g Wriractrervrive a. rly 
residues was introduced into the sequence pli-f-1 ROSPEDFiv §q! Mrivactervatverst Y 
-predicted from cosil-412 to maximize the pil-j-2 RDS PE DIFiV rx GUCMRFiracrervrovrrRit iy 
Í homology. Amino acid residues homologous to pil-p-3 GOT RP RIFIL efy}s Tseec wire Pr 
the cosII-412 8-chain in the portion where this pII-j-« GDTRPR rit ELvK[FECHFNGTERVRELLERRVH 
sequence overlaps the pll-B-7 B-chain HLA-DR/S2 GOTRPRIFLELLKSECHIFRactervalrin ER nH[F]# 
sequence, are boxed. b, Comparison of the par- 
tial amino-terminal sequence of an SB 8-chain’® with the predicted amino acid sequences of cosl1-412, coslH-102 (ref. 20), pil-8-1 (ref. 12), 

1-8-2 (ref. 10), pll-B-3 and -4 (ref. 19) and HLA-DR! (ref. 14). Tyrosine and phenylalanine residues are enclosed in open or shaded 
boxes. Shaded residues coincide with the tyrosines and phenylalanines present in the SB B sequence. 


Fig. 3.) Hybridizations of probes corresponding to the translated part of DR (a) and DC (b) 

B-chain cDNA clones as well as plI-8-7 (c) to Puull-digested genomic DNA from homozygous 

donors of specificities Dw/DR 3/3 and 4/4. The DC £8 probe was isolated from pII-B-1 after 

digestion with Aval, the DR £ probe was isolated from pH-8-3 (ref. 19) after digestion with 

Sacil and Hindlll, and the plI-B-7 probe was isolated after cleavage with Rsal and Hpal 

Fig. 1). Al probes are derived from the translated regions of the three 8 cDNA clones. The 

probes were nick-translated (ref. 24) to a specific activity of 5-10 x 10’ c.p.m. pg '. DNA was isolated from the cells as described previously? 
“DNA samples (10 pg) were digested to completion with Pvull (New England Biolabs) and run on 0.7% agarose gels in 89 mM Tris-bora 
buffer, pH 8.3 containing 2.6 mM EDTA for 600 volt-hours and transferred to nitrocellulose filters*°. The filters were prehybridized for 3-6 
_at42 °C in 50% formamide, 5 x SSPE buffer (SSPE = 10 mM sodium phosphate pH 7.0, containing 1 mM EDTA, 180 mM NaCl), 5 x Denha 
“solution?’, 0.02% of salmon sperm DNA and 0.2% SDS. Radioactively labelled cDNA fragments were added (1-2 10° c.p.m. mi~!) 

olution of 50%. Ornama 5 x SSPE buffer, 1 x Denhardt’ S cera 0. 02% salmon ee DNA, 0.2% SDS and 10% dextran sea ate 
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B-7 and cosII-412 encode a new type of class II 

-chain. This is also evident from the predicted structure 

toplasmic portion of the pll-8-7 B-chain; it consists 
no acids in contrast to the cytoplasmic portions of 

< DR’? and DC'®'??° g-chains, which are composed of 16 and 
10 residues, respectively. 

A partial amino-terminal sequence of an SB 8-chain has been 
determined, locating the positions of five tyrosine and two 
phenylalanine residues'®. Except for one tyrosine, all these 
residues coincided with tyrosines and phenylalanines in the 
amino acid sequence predicted from coslI-412 (Fig. 2b). 
Moreover, no additional residues of these types were found in 
the sequence. In contrast, of the seven residues identified in the 
SB B-chain, only two (or three) tyrosines coincided with 
_ tyrosines in DC 8-chains and only one phenylalanine with the 

corresponding residue in DR B-chains. One DR f-chain 
sequence also displayed one of the tyrosines found in the SB 
B-chain. The DC and DR -chains also contained additional 
tyrosine and phenylalanine residues at the amino terminus. We 
uggest, therefore, that cosII-412 and pll-B-7 encode SB B- 
or chains closely related to SB 8). 
The SB locus is located at some distance towards the cen- 
mere from the DR and DC loci, which are tightly linked’. 
study the degree of linkage between the gene corresponding 
pli-8-7 and the DR locus, we used pIl-B-7 as a hybridization 
probe to genomic DNA of HLA D/DR homozygous individuals. 
For comparison, hybridizations were also carried out with DR 
and DC B-chain probes. The DNA samples (seven of which 
were typed to be Dw/DR 3/3 and four to be Dw/DR 4/4) 
were digested with Pvull. The experimental conditions chosen 
for the hybridizations were such that no, or only slight, cross- 
_ hybridizations occurred with the three probes. Figure 3 shows 
-that the banding patterns obtained were distinct and different. 
The probe corresponding to the translated portion of a DR 
B-chain clone gave rise to virtually identical patterns for all the 
DR 3/3 homozygous samples (Fig. 3a). It should be noted that 
the faint band of ~ 6 kilobases (kb) was present in all samples 
and that the figures are composites from several autoradiograms, 
t making perfect alignments of the samples difficult to 
achieve. The DR 4/4 samples gave a pattern distinct from that 
he DR 3/3 samples. However, apart from a weakly hybridiz- 
ing band of 2.2 kb which was absent from one sample (Fig. 3a, 
lane K) all DR 4/4 homozygous samples appeared identical. 
- The DC £ probe also gave rise to hybridization patterns that 
‘conformed well to the typed DR specificity of the sample. Thus, 
_all seven DR 3/3 homozygous samples appeared identical, apart 
from one sample lacking a 9.2-kb band (Fig. 3b, lane D). This 
result agrees with the observation that the hybridization patterns 
of DR 4/4 homozygous samples, although different from those 
-of the DR 3/3 samples, were also identical to each other. It is 
-Obvious that the 2.2-kb band, absent from lane K of Fig. 3b, 
was the result of cross-hybridization of the DC and DR B-chain 
_ probes to the same genomic sequence (compare Fig. 3a, lane K). 
-The hybridization patterns obtained with pII-8-7 as the probe 

were quite similar for the DR 3/3 and DR 4/4 samples (Fig. 

3c). In addition, the variability between identical DR samples 
was of the same magnitude as between the DR 3/3 and DR 
4/4 samples. Thus, the hybridization patterns did not correlate 
well with the DR specificity of the samples. This indicates that 

e locus corresponding to plI-B-7 and cosII-412 is located at 
e- distance from the DR locus. This finding is perfectly 
patible with the structural similarity between the B-chain 
oded by coslI-412 and an isolated SB B-chain discussed 
ve. We conclude, therefore, that pll-B-7 and cosII-412 code 
B B-chains (or chains closely related to SB B-chains). 
submission of this manuscript, Roux-Dosseto et al. 
entification and sequence of a cDNA clone sug- 
pond to an SB B-chain”’. The B-chain predicted 
highly homologous to that deduced from 
















































































imately 66% homologous with each other (Fig. 2a). 









-< pll-B-7, except in the cy 
of 12 residues. WH 
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Epstein-Barr virus (EBV) is unique among the DNA tumour: 
viruses by virtue of its association with two human malignancies, — 
Burkitt's lymphoma and nasopharyngeal carcinoma (NPC), the | 
former a tumour of B lymphocytes and the latter encompassing ae 
low-differentiated epithelial cells of the nasopharynx’. A viral 
gene product has not been definitively linked to these malignant ee 
diseases, although an EBV nuclear antigen(s) (EBNA) seems 
to be ubiquitous in EBV-infected cells; indeed, the detection -= 
of EBNA by immunofluorescence is often taken as an indication 
of the presence of the viral genome**. As part of a study to 
investigate which part of the EBV genome is responsible for” he 
transformation and whether the same mechanism of cellular... 
transformation is involved in the case of B lymphocytes and _ 
epithelial cells, we have tried to establish whether a detectable —__ 
cellular alteration(s) can be induced in primate epithelial cells 
by the presence of a specific region of the EBV genome. | 
report here that it can—the result is immortalization of the cells. 
A hybrid cosmid library was made that encompasses the viral 




















virion and episomal* EBV DNAs, a 
used to transfect a mixture of cells d 
monkey (Cercopithecus aethiops 










culture, very small, densely staining cell popula- 
Observed in several of the experiments but the two 
lat contained cells transfected with DNA from cosmid 
esignated p13/p33 and p31 were readily distinguishable 
others by the quantity and size of ‘foci’ in them. Details 









anstection experiments, and data derived from them, 
tin Fig. 2. The results illustrated in Fig. 2 were confirmed 
ation of unstained dishes under the light microscope. 
_ Individual foci were selected from AGMK cells transfected 
with p13/p33 and p31 DNAs, as well as from dishes containing 
~ — Cells transfected with either calf thymus (control) or clone p65 
_. DNAs. Foci were transferred manually to fresh dishes (50 mm) 
and fed weekly. Whereas none of the small foci from the calf 
_ thymus or p65 experiments grew, nine cell lines were established 
~ from foci (out of the 10 selected from each experiment) derived 
~ from the p13/p33 or the p31 dishes. Thus, only AGMK cells 
~ exposed to EBV DNA fragments from a specific region of the 
____ viral genome could be propagated in culture, Several of the cell 
lines have been studied further. Five of them subdivided at a 
1:10 dilution weekly have been kept for more than a year in 
culture (corresponding to at least 200 generations) with no 
apparent change in morphology or growth rate, as determined 
‘regular examination by light microscopy. By morphological 
and histological examination the cells have been shown to be 
pithelial in type (see Fig. 3a~c). Cells from the 1 3/33 f4 and 
-the 31 f4 experiments, screened by immunofluorescence, show 
the presence of intermediate filaments typical of epithelial 
cells”! (see Fig. 3d, e}. Whereas microscopic examination of 
_\the original AGMK cells revealed cells characteristic of 
< elongated and cuboidal epithelium, and. of fibroblasts, the 
mmortalized cells exhibited only the simple cuboidal mor- 
phology (Fig. 3b, c). Thus, it seems that a subpopulation of 
nonkey epithelial cells has been immortalized by transfection 
vith the EBV DNA fragments. 
~All cell lines examined proved to be capable of growing for 
mited time in low serum. Cell growth in either normal (5%) 
dow (0.5%) concentrations of fetal calf serum (FCS) was 
ependent of serum concentration during the first month in 
ire, cells being subdivided at a 1:10 dilution weekly and 
unts determined. After 2 months, the growth rate in low 
1 slowed to about one-half that of the cells growing in 
jal serum. Qualitatively similar results were obtained when 
ells were plated into semi-solid (agar) media, that is, initially 
ells divided and small visible colonies, containing a number 
reatly enlarged cells, were observed within 3-4 weeks. These 
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colonies generally then ceased to undergo further division, but 
= veing isolated and re-plated onto plastic, they resumed 
ion and grew normally. In additional experiments, cells 
_ Learly passages of a number of the lines, as well as control 
= AGMK cells, were injected intraperitoneally into young nude 
> mice (10° cells per animal); no tumours were apparent a year 
 dater. (Similar experiments using late passage cells are in pro- 
_ gress.) These observations all indicate some dramatic alteration 
-ii the growth properties of the cells, effected by specific frag- 
_ ments of EBV DNA, that are not sufficient, however, to produce 
a malignant phenotype. 
“AS a permanent change seemed to have been produced in 
- the AGMK cells following transfection with either of two 
<- defined, partly overlapping fragments of the EBV genome, it 
___ remained to be determined whether the continued presence of 
_ the virus-derived DNA could be observed. Therefore, total 
chromosomal DNA from four of the established cell lines was | 
+ applied directly to nitrocellulose filters and probed with either 
*P-labelled B95-8 virion DNA, or cloned fragments of 
EBV DNA, in order to detect viral DNA sequences. The pres- 
ce of EBV-related sequences was observed in all four cell 
ines analysed, but not in the calf thymus DNA used as a control 
ata not shown). To examine further the nature of EBV DNA 
equences in the cell lines, cellular DNA was cleaved with the 
amHI restriction enzyme and the resulting fragments were . 
by established nethods'!. Specific fragments that 
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Fig. 1 a, Cloned large fragments of EBV DNA. Virion, 
EB DNA”? (5g) from B95-8 marmoset cells was partially 
digested with BamHI, and fractionated by neutral sucrose density 
gradient centrifugation to reduce contamination with small frag- 
ments. DNA fragments of ~40 kilobases (kb) were ligated to the 
BamHI-cleaved cosmid pHC79 DNA (which had been deph 
phorylated with alkaline phosphatase), and the resulting. x 
DNAs were cloned according to the procedure of Hohn??. Isolated 

clones were initially analysed by the ‘dot-blot’ -method usi 
individually the large EcoRI fragments A to G (ref. 24), radioa 
tively labelled with **P according to Rigby et al’, as. probe 
DNAs from clones that yielded results consistent with the knowr 
physical map of EBV DNA were further analysed by elec- 
trophoresis on 0.8% agarose gels in Tris-acetate buffer in the- 
presence of ethidium bromide and visualized with UV light; after- > 













































obtained were not observed when uncleaved material was sub- 
jected to similar analyses. In very early passage cultures of 
13/33 f4 cells, four bands hybridized to viral DNA (Fig. 4a); 
in later passages of the same cell line, the two largest bands 
were replaced by a single band having an electrophoretic mobil- 
ity intermediate between the BamHI co-migrating fragments 
* B/C and D/E (see Fig. 4b-d). No further change in the DNA 
was observed in cells carried for more than a year in vitro. These 
data suggest that some sequence alteration may have occurred 
_ between the initial integration event(s) and the establishment 

of the cells in culture. The two smallest fragments initially 
observed (Fig. 4a) may be derived from monkey DNA as, unlike 
the larger fragments, their hybridization with EBV DNA could 
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Fig. 2 Dense focus assay of AGMK cells exposed to different 
fragments of EBV DNA. Subconfluent dishes (50 mm) of early 
passage AGMK cells were transfected with EBV DNA as indicated 
below, in the presence of calf thymus carrier DNA (5 pg per disti) *. 
and calcium phosphate”. Cells were left for 6h at 37°C in Dul- 
becco’s modified Eagle’s medium (DMEM)~-3% glutamine-5% 


fetal calf serum, then the medium was removed and fresh medium- Ai 


added. After 6 weeks in culture, with weekly changes of medium, 
cells on each dish were trypsinized and re-plated at a 1:5 dilution 
onto 50-mm dishes. Thereafter, cells were grown at 37°C and the 
media were changed weekly. Individual dishes shown contained 
AGMK cells transfected with calf thymus (carrier) DNA alone 
(C) or with linear virion DNA?” (1); episomal DNA? from Daudi 
cells (2); DNA from clones p5 (3), p39 (4), p23 (5), p13+ p33 
(6), p31 (7), and p65 (8); and a mixture of cloned DNAs (9). 
After subculturing, the dishes were left for 4 weeks in culture and 
‘foci’ (a) were visualized using Leishman’s strain. Whereas aggre- 
gations of cells or minor foci were observed at this time ina number 
of cases, notably among those cells transfected with DNA from | 
the clone p65, p31 or with a mixture of all the cloned DNAs, large 





distinct foci were observed only in the dish of AGMK cells transfec- | 


ted with the p13/p33 DNA clones. After a further 2 weeks in ži 


culture (b), large densely growing cell colonies were evident we 
both the p13/p33 (6) and p31 (7) experiments. EBV DNA was ` 


used at a concentration of 5yg per dish, except in the ‘mix’ 
experiment (9), where the total amount of viral DNA was ~25 ug. 
Failure to form foci in the latter experiment may be a consequence 
of ‘poison sequences’ in the cosmid at the concentration used”’. 





be competitively inhibited by prehybridization with excess cold 


AGMK DNA. Although cross-hybridization with monkey DNA N- 


has not previously been reported, it is well documented that 
Epstein-Barr virion DNA has regions of homology with a variety 
of other eukaryotic DNAs”? 

Examination of the 13/33 and 31 cell lines for the expression 
of EBNA proved negative, even though the genetic information 


for this antigen could at least theoretically have been present | 


in the 13/33 lines (but not in the 31 lines)'*. Negative results 
for EBNA were also obtained in the laboratories of G. Klein 
and D. Crawford (personal communications). 

The results of our experiments are consistent with the notion 
that a specific sub-genomic region of the Epstein-Barr viral 


Fig.3 Morphology of immortaliz; 

cells. a-c, Light micrographs ¢ Ay, = 
heterogeneous population of &, 

observed in an early culture of 
AGMK cells (a) and in dishes con- 
taining the cuboidal epithelial cells 
present in the line 13/33 f4 after 14 
(b) or 34 (c) weeks in culture. 13/33 
f4 cells examined at an earlier time 
(4 weeks) showed no obvious 
morphological differences from the 
14- or 34-week cultures. Living cells 
shown by phase-contrast optics. x48. 
d, e, Immunofiuorescent staining 
with the monoclonal antibody LE61 
which recognizes kidney epi- 
thelium’, showing the tonofilament 
organization of stained cells. Subcon- | 
fluent cells from the 31 f4 cell line = 
(d) are shown, together with the 
typical close-packing arrangement. 





exemplified by cells 


from the 
13/33 £4 line. 4 


of rapidly growing cells (e), as- 3 
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NA from immortalized AGMK cells nybridized against 
*p-labelled, nick-translated recombinant EBV fragments 

r virion DNA. a, b, Chromosomal DNA was isolated from cells 
passaged for only 4 weeks in culture following selection and estab- 
lishment from individual foci. Whole cell DNA was cleaved with 
the enzyme BamHI in standard conditions, then the fragments 
were separated by electrophoresis on 0.8% agarose slab gels (see 
Fig. 1), transferred to nitrocellulose filters’? and probed with a 
mixture of **P-labelled DNA from clones p13+ p33. The filters 
were washed for 2h at 68 °C in 0.1 x SSC and 0.5% SDS. Tracks 
1-5 contain DNA fragments from cell lines 13/33 £2, £3. f4. f5 
and {6, respectively; track R contains EBV virion DNA also 
cleaved with BamHI, with fragments B to c labelled (see Fig. 1). 


The presence of four prominently hybridizing bands in several of 
the lines is indicated (arrows). In a similar experiment (not shown) 
the fastest migrating bands were found also in untreated AGMK 
DNA, and they hybridized to the cosmid pHC79, thus it is unclear 
{see text) whether they represent sequences which have specific 
homology to any of the viral DNA. a, b Show two different 
time exposures. In the longer exposure (5), minor bands can be 
observed, particularly in track 3 which corresponds to material from the cell line 13/33 f4. & d, Analysis of DNA from cells passaged 
continuously for at least 6 months in culture. Tracks 1-5 contain BamHI-cleaved whole cell DNA from lines 13/33 f4, {5 and f6, 31 f4L and 
43/33 (uncloned), respectively, and tracks 6 and R contain cleaved DNA from control AGMK cells and EBV virions, respectively. In c, the 
probe was the nick-translated EBV fragment EcoRI H, carried on plasmid pATI53 (ref. 24), which hybridized to EBV DNA BamHI 
fragments T, b and c, as shown (track R). d, The results obtained when the blot was washed at 68 °C overnight in low-salt conditions, then 
re-probed with nick-translated virion DNA and exposed for a longer time. The strongly hybridizing bands in tracks 1 and 2 (in c) are essentially 
no longer visible, whereas the weakly hybridizing bands (see tracks 3 and 5) remain. In addition, in d, a new band having a mobility intermediate 
between BamHI co-migrating fragments B/C and D/E can be seen, especially in tracks 1 and 2. These data suggest that EBV DNA is present 
but that the strong bands seen in ¢ cannot be exclusively correlated with viral DNA. A comparison of c and d with a and 6 further suggests 
that some change in sequence may have occurred during the passaging of the cells. Most notable is the apparent loss of the two most slowly 
nigrating bands, with their possible replacement by a single, slowly migrating band in lines 13/33 f4 and f5 (tracks 1 and 2), and a faster 
- migrating band in line 13/33 f6 and uncloned 13/33 cells (tracks 3 and 5). e, An experiment analogous to that described for c and d, but 
with **P-labelled nick-translated virion EBV DNA used as the initial probe. Two exposures are shown, and the major hybridizing bands are 
indicated by arrows. Whole cell DNA isolated from 13/33 f4 cells after more than a year in culture gave a result (not shown) indistinguishable 
from that found in track 1, indicating sequence stability and the continued presence of the viral DNA during cell propagation. 
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genome overcomes the senescence observed in untreated 


and that transformation efficiency, a possible reflection of stable : 
AGMK cells and confers the property of unlimited growth on 


integration of heterologous information, might be expected. to 


the monkey epithelial cells in culture. Cells immortalized with 
~ the overlapping p13/p33 and p31 fragments, following propaga- 
tion from isolated dense foci, had a finite capacity to grow in 
soft agar, however, and failed to produce tumours in whole 
animal (nude mice) experiments. Thus, it seems that of the 
| multi-stage events necessary for the production of malignant 
cells'*, not all have occurred in these epithelial cells. Note that 
- normal human B lymphocytes, immortalized by EBV infection, 
‘initially also fail to produce tumours in nude mice'®. The most 
obvious explanation for these data is that EBV per se lacks 
gnant capacity, and additional ‘helper’ functions, such as 
e derived from chemical carcinogens or human oncogenes, 
«+ necessary for inducing a final, transformed state of the cell. 
‘Our experiments have produced cell lines which should allow 
this conclusion to be explored in vitro, 
_ The original choice of AGMK cells as an experimental system 


based. on the fact that expression of Epstein~Barr viral 


n-human primates*’ 


be high*®. The main cautionary note to be considered in inter 
preting our data resides in the fact that an endogenous: ‘EB 
like’ virus has been isolated from a lymphoblastoid Africa 
green monkey line (AGM-1106) by zur Hausen and col- 
leagues*’. While this lymphotropic virus would not be expected 
to be present in kidney cells, as EBV DNA has never. been 
found in human kidney epithelial cells, it is conceivab 
AGMK cells might already carry herpesvirus informe 
predisposes them to immortalization. The EBV seque 
the overlapping p13/p33 and p31 clones were uniqu 
among the recombinant and other DNAs introduced d 
experimentation protocol in producing immortalizatio 
2). Competition experiments have shown that these: 
are absent from the original AGMK cells and that t 
in the established epithelial lines. Thus, they are und 
important in the immortalization event. 5 
PS Similar experiments are being done to study. the 

gments of EBV with other primate cells. Preli 
























cloned ‘DNA ee (p 31) which alex cimechatyy on 
_ AGMK cells, also markedly promotes growth in these cells. As 
these studies are potentially relevant to the human disease, 
= nasopharyngeal carcinoma, the experimental approach should 
be extended to a variety of human epithelial cells. 
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- Initiation of translation of eukaryotic mRNAs typically occurs 
_ at the first AUG triplet from the 5’ end of the message, although 
several notable exceptions have been described’. Using vec- 
tors which efficiently express the gene encoding the surface 
antigen of hepatitis B virus in monkey cells, we have studied 
the consequences of inserting ATG triplets in all three reading 
frames upstream of the usual translational initiation codon of 
this gene. In agreement with the scanning model for eukaryotic 
translation initiation’’, these additional codons can severely 
depress the initiation of translation at the ‘authentic’ start codon, 
although the extent of inhibition depends on sequences flanking 
he upstream AUG. Such inhibition can, however, be at least 
artially suppressed by the presence of a translation termination 
odon in-frame with the upstream AUG. These results raise 
e possibility that mammalian ribosomes can reinitiate transla- 
n at an AUG codon after previously ota and terminat- 
ag, at an upstream site. E 
ave bea a map expre sic 1 
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b 
frame shift linkers 
5 a Ri y 
fs tinker | A AATTIATGAATTCAT F 
fs linker2 8 AATTIATGIGAATTCCAT G 
fs linker3 C AATTIATGIAGAATTCTCAT H 
pile D AAGGAGTGGGAATTCCACT I 
p342E E — CAAAAAGCTGAATTCCACT I 
fs linker | 


, A 
(pESII fst | 5... AGTGGGAATTATGAATTCAITAAITTCCACT...) 
(pE342fsi | 5... AAGC ToaaTTATGIAATTCATTAA|TToCACT. a 


Fig. 1 Construction of pE311fsi and pE342fsl piniis The 
pE311fsl plasmids were derived from p311E (ref. 4), containing 
the 2,000-bp EcoRI-Bglll fragment of hepatitis 8 virus (ref. 9) 
inserted into plasmid pML (ref. 18) between the EcoRI and- 
BamHI sites and following the 311-bp EcoRH fragment of. SV F. 
oriented in the early direction. This SV40 fragment spans the 
replication origin (nucleotides 5,092-160 (ref. 17)) and the eariy 
viral promoter’. The pE.342fsl plasmids were derived from p342E 0 
(ref. 4), identical to p311E except that a 342-bp Peull-HindI. 
fragment (nucleotides 5,171-270 (ref. 17)) spanning the SV40 . at 
origin was used instead of the 311-bp EcoRI] fragment. Both == 
plasmids were modified by incompletely digesting with EcoRI and 
filling-in the restriction site using DNA polymerase as described  — = 
previously (ref. 19). Plasmids were screened for the loss of the. > 
EcoRI site preceding the SV40 early promoter. Into the single ` 
remaining EcoRI site immediately following the SV40 promoter .. 
were separately inserted the three oligonucleotides, synthesized >; 
by the phosphotriester method*®. These oligonucleotides are 
bounded by the self-complementary ends of the EcoRI site anc 
contain an ATG triplet followed by an EcoRI site (b). The regio: 
spanning the EcoRI site used in the construction of every plasmi 
was directly sequenced using the dideoxynucleotide chain termina- - 
tion method”! to verify the structure of the linker and the reading = = 
frame. a, Schematic map of plasmids p311E and p342E. The. 
HBsAg gene is denoted as a shaded box. Nontranslated regions ` 
are cross-hatched and the coding region is shown as a stippled box, 
The position of the SV40 origin/promoter fragment*” is shown. 
b, Sequence of the three oligonucleotide frameshift linkers. The 
sequences of the oligonucleotide linkers are shown as a 5’ com- 
ponent (A, B, C) and a 3’ component (F, G, H}. D, E and I 
illustrate the sequence at the EcoRI site present at the junction 
of the SV40 and HBV inserts in p311E and p342E (ref. 4). The 
resulting sequence spanning the EcoRI site of pE311fsl-1 and 
pE342fsl-1 is shown. 
















directed by mutants of plasmids p342E and pE311 (ref. 4) 
These pBR322-based plasmids contain the gene encoding 
HBsAg, positioned behind either of two different, but over 
ping, Simian 4 virus 40 (SV40) DNA ia aoe which con 
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- Fig. 2 Structure of the p342E frameshift plasmids. Plasmids 
p342E, pE342fsl-1, -2 and -3 were digested with EcoRI and Sall, 
the two resulting fragments separated and purified on an acry- 
lamide gel using standard procedures'’. The additional hybrid 

_ plasmids were constructed by ligation of the appropriate fragments. 
The structure of each was verified by direct determination of the 
nucleotide sequence across the restored EcoRI site?’ The 

~~ sequence of the $V40/hepatitis B virus junction is listed as a 5’ 
-and 3° component. The corresponding nucleotide sequence can be 

` deduced from the information provided in Fig. 1b. X, The locations 

_ of termination codons in-frame with the linker ATG. The position 
of the linker ATG and the translation start codon of the HBsAg 
gene are denoted above the line drawing. 


plasmids initiates within the SV40 promoter at the expected 
ance from the TATA box* and terminates within HBV 
wences 1,100 nucleotides 3’ of the coding region of the 
sAg gene (ref. 7, and C.-C.L., C.C.S. and A.D.L., unpub- 

d data). In pE342, the gene encoding the surface antigen 
ositioned directly 3’ of SV40 sequences encompassing the 
aplete early promoter’, such that no AUG triplets precede 
translation initiation codon of HBsAg in the mRNA encod- 


g HBsAg (ref. 4 and Fig. 1a). COS cells transfected with this 


plasmid synthesize and secrete significant quantities of HBsAg 
(ref. 4), a protein of 226 amino acids”? whose synthesis and 
secretion proceeds without the involvement of a cleavable signal 
peptide? ?°"' l 

<< To assess directly the effects of upstream AUG triplets on 
< downstream translational initiation, we inserted one of three 


‘synthetic EcoRI DNA linkers (fsl-1, -2 and -3, Fig. 1b), each | 


: ‘containing an ATG triplet, into the unique EcoRI site of p342E 


“(located at the junction of the SV40 and HBV sequences), to 


-generate pE342fsl-1, pE342fsl-2 and pE342fsl-3. Note that 
~-Gnsertion of each of these linkers introduces an upstream ATG 
triplet in a particular reading frame relative to the ‘authentic’ 
translational initiation codon of HBsAg (Fig. 2). These linkers 
contain the recognition sequence for the restriction endo- 
nuclease EcoRI; thus after insertion into the vector, a unique 
EcoRI site is restored. This facilitated the construction of hybrid 
ectors (pE342fsl-4, -6, -7, -8 and -9, Fig. 2), such that the 
fects of the reading frame of the upstream AUG triplet relative 
o the ‘authentic’ HBsAg initiation codon on HBsAg expression 
cbe assessed independently of small sequence differences 


the linker (for example, the nucleotide at position +4 
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Fig. 3 Structure of the p311E frameshift plasmids. Plasmids — 
p311E and pE31ifsl-1, -2, and -3 were treated as described in — 
Fig. 2 and the various combinations constructed as indicated. All . 
junctions at the restored EcoRI site were verified by direct: 
sequence analysis. Plasmids pE410fsl-10 and -11 were constructed: — 


by digesting p311E with Bell and Sall, and inserting the 2,400-bp 


fragment spanning the HBsAg gene between the equivalent sites 
of p342E (see also Table 2). Symbols are as described in. zi 
the presence of an ATG provided by the frameshift ; 
indicated by a ‘+’. The location of the possible terminatio ons 
are also shown. The precise structure of the. junction can be 
deduced from the sequences shown in Fig. 1800 


HBsAg expression was evaluated by transfecting COS cells with. 
the various plasmids and assaying HBsAg in the medium 7. 
later. Table 1 illustrates that many of the frameshift pla 
direct the synthesis of HBsAg at levels comparable to p342E 
confirming that upstream AUG triplets do not necessarily imp: 
internal initiation’. These results extend previous description 
of this phenomenon’ since they include AUGs flanked b 
favourable’ nucleotides? at the —3 (A) and +4 position 
{compare pE342fsl-7 and -9 with p342E). In contrast, plasmid 
pE342fsl-2, -4 and -8 direct the synthesis and secretion « 
somewhat lower amounts of HBsAg. As illustrated in 1 
a common feature of these plasmids with a reduced a 
express HBsAg is the absence of an in-frame trans 
termination codon intervening between the AUG triple 
the synthetic linker and the AUG triplet defining the start 
the HBsAg gene, suggesting that the presence of sucha ter 
tion codon may enhance internal initiation at the HBsAg | 
These results demonstrate that, although the presence of an 
upstream AUG triplet is not in itself sufficient to preclude 
translation initiation from an internal site (see also refs 13, 14) 
certain configurations of such a triplet can suppress. internal | 
initiation. To see whether flanking sequences could modulat 
the efficiency with which ribosomes recognize AUG codons:a 
initiation sites””, we examined the effects of inserting an ‘authen 
tic’ translation initiation codon 5' of the gene encoding: HBsAg 
using plasmid p311E (ref. 4), which, although similar to pE342, 
contains additional sequences 3’ of the SV40 early promoter 
including the translational initiation site for SV40 T. antige 
As we have reported, plasmid p311E is severely restric! 
its ability to promote the synthesis and secretion of -H 
synthesis’. Previous evidence indicated that this block. 
consequence of transcriptional impairment resulting fro 
absence of the enhancer element associated with ‘the 


fi 


seruons on. 








‘Table 1 Expression of pE342fsl plasmids i in COS cells : 











Aa sequence Reading? Termination? 
>o “Plasmid 3’ frame codon HBsAg$ 
 pE342fsi-1 A F + + 17,145 + 1,925 
. U pE342fsl-2 B G same = 9,175220** 
> pE342fs-3 C H aj + 23,620 + 1,640 
| -pE342fsl-4 A I same — 6.235 + 1,235 
 pE342fsl-6 C I -į + 17,440 + 1,260 
| pE342fs|-7 B F ~J + 19,645 + 550** 
pE342fsl-8 B i + = 1,980 + 280 
pE342fsl-9 B H +I + 22,580 + 580 
p342E E l = a 25,785 + 5,560 
p232E) E I ~ ~ 16,000 + 600** 





Confluent 60-mm dishes of COS-1 cells® were transfected in duplicate with 
0.5 ug plasmid DNA using a modified DEAE-dextran method’? as described 
elsewhere*. After 16h, the cells were washed once with Dulbecco's modified 
Eagle's medium (DMEM), then fed with 3 ml 7% calf serum in DMEM. Two 
days later, the cells were re-fed with fresh media. After 24h, the amount of 
HBsAg secreted into the medium was quantitated by RIA using the Ausria H kit 
(Abbott). 

* Sequence of frameshift linker as described in Fig. 1 legend. 

* Reading frame of linker ATG relative to that of the HBsAg. 

$ Presence (+} or absence (—) of a termination codon in frame with the upstream 
ATG. 

§ Counts per minute as assayed by Ausria I kit, corrected for included negative 
_ control. Results are averaged values (with ranges given) obtained from four (** or 
_ two} independent experiments. 
G, i. p232E was constructed by exchanging the proximal promoter sequences of 

p3ii {which lack the SV40 72-bp repeats) with those of pE342 (which lack SV40 
T antigen coding information) at the Bell site. p232E thus contains neither an 
intact: 72-bp repeat nor the translational initiation codon of SV40 T antigen (SV40 
sequences extending from the EcoRI site at position 160 to the HindIII site at 
pomion: S471 (ref. 17)). 





Table 2 HBsAg expression of pE311fs! plasmids in COS cells 


Sheharya ee O et bribery EEO EEE 


Linker* 
ee sequence Reading? Termination? 
-Plasmid 5 y frame codon HBsAg” 
D i same = 60 + 50 
A F =] + 1,290 + 205 
D F +l + 2,725 +310 
D G =] + 1,350 +155 
o A G same _ 90 +45 
an “pE31 lfsl-7 A I +] _ 460 + 35 
pE311fsi-8 B F same ~ 20 + 25 
pE311fsi-9 D H same _ 125 + 10** 
pd 1OE$§ D J same > 30 + 30 
pE410fsi-10 D F +] + 2,895 + 105** 
pE410fsl-11 D G ek + 2,130 + 180** 


-. Methods of transfection and assay are as described in the legend to Table 1. 
 * Headings are as defined in Table 1. 

+ Reading frame of T-antigen translation initiation codon relative to that of 
~ HBsAg initiation codon. 

=  £ p410E was created by the exchange of the proximal SV 40 promoter sequences 
CO p342E with the distal promoter sequences of p31 1E using the SV40 Bail site. 
p41GE thas contains both SV40 72-bp repeats as well as the translational initiation 
codon of SV40 T antigen (SV40 sequences from the Pvull site at position 270 
to the EcoRII site at position 5,092 (ref. 17}). 


| p232E lacks sequences comprising the 72-bp repeat, but is 
otherwise identical to pE342. p232E and p342E produce similar 
levels. of HBV pu uses 1) consistent with the erpe chat 






or initiation còdon. locáted: 231 nucleotides 5’ of the AUG 
n which viiei inti initiates HBsAg beset 
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synthesized in a form ire cannot ae ae. To: exa nin 
this phenomenon in more detail, the frameshift linkers werd E 
incorporated into the umga EcoRI site of the pared) en € 





prepared (Fig. 3). The ability of the various constructs't oe 
mote HBsAg synthesis was determined by assaying the medium ae 
of transfected COS cells 72 h after DNA administration, = 
Table 2 illustrates. that, as with pE311, no secreted HBsAg ae 
is observed with any frameshift linker plasmid expected to 
generate a fused T antigen/HBsAg polypeptide. In marked 
contrast, however, significant levels of HBsAg are synthesized 
from those plasmids which contain an in-frame translational ae 
termination codon following the translational initiation codon... 
of SV40 T antigen. This effect was independent of the presence 
of an AUG triplet within the linker sequence (compare .- 
pE3ilfsl-1 with pE311fsl-5). Specifically, consider that plas- 
mids pE311fsl-6, -8 and -9 all produce less than 1% control 
levels (that produced by p232E) of HBsAg. These three plas- = 
mids are not identical, yet in each the 5’ AUG is present in the > 
same reading frame as the surface antigen AUG, with no inter- 
vening in-frame termination codons. Plasmid pE31Ifsl-7 pro- 
duces less than 3% of the control level of HBsAg; like the- 
others it lacks an in-phase termination codon, but differs by 
having the SV40 T antigen initiator AUG in the second reading 
frame relative to the surface antigen AUG. In contrast, the 
plasmids (both p311E and p410E-based) in which an in-frame 
termination codon intervenes between the 5° AUG and the *o 
AUG encoding the first amino acid of HBsAg direct the synthesis. & 
of significantly more HBsAg. Interestingly, the presence of an 
in-frame translational termination codon following the upstream 
AUG does not restore levels of HBsAg produced by the pE311 
vectors to those produced by p342E or p232E (compare Tables 
l and 2). This could be due to the inability of a termination = 
codon to promote the highly efficient use of a downstream . — 
initiation codon; alternatively the structure of the hybrid T 
antigen/HBsAg mRNA may preclude efficient translation of M 
the HBsAg gene. ye 
It has previously been proposed that nucleotides in positions: 
—3 (A) and +4 (G) facilitate recognition of the AUG codon by 
eukaryotic ribosomes*. Our results suggest that addition. 
sequences may be involved in this process, since internal initi- 
ation occurs much less frequently when an ‘authentic AUG 
positioned upstream of the HBsAg gene (pE311 and pE41 
based vectors) than when synthetic AUGs conforming to the: 
specifications are present upstream (pE342-based vectors). Th. < 
nature of such sequences is uncertain, but the possibility remains. 
that a ‘functional’ equivalent of a ribosome binding site exists. 
despite evidence that most mRNAs do not reveal any indication 
of a specific base-pairing ability between their 5’ LOR NEES erie 
segments and the 3’ terminus of 18S rRNA (ref. 15) Ae 
The fact that internal initiation at an otherwise suitable AUG 
triplet can be thoroughly suppressed by an upstream AUG 
codon lends strong support to the scanning model for eukaryotic — 
translation initiation’, and is inconsistent with the concept that 
ribosomes bind directly to AUG initiator codons in mRNA = 
irrespective of their proximity to the 5‘ terminus'*. In contrast = 
to previous suggestions that internal initiation can occur only- - 
when upstream AUG triplets are flanked by unfavourable 
nucleotides*, our results suggest that reinitiation of translat 
can occur after the efficient utilization of upstream AUG codons 
provided translation has been terminated before the: ribosome’ 
has reached the internal AUG. Iti is s unclea a dictate. 












































ntaining an int vening termination codon) is not mediated 
3y: ribosomes. which ‘escaped’ initiation at the upstream site’, 
but rather by true reinitiation, although we stress that in a 
general sense the two models are not incompatible with one 
nother. For example, internal initiation at a site preceded by 
efficiently utilized AUG codon may proceed only when 
islation from the upstream site has first terminated. However, 

in those instances where only inefficiently recognized upstream 
AUG triplets are present, an in-frame termination codon would 
“not be required for efficient translation at the internal AUG, 


since migrating 40S ribosome subunits may simply bypass a- 
weak AUG. In view of the observation that in-frame termination _ 
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Eukaryotic cells contain genes termed proto-oncogenes (c-onc) 
which have the potential to transform cells in culture and induce 
umours in vivo. Most of these genes have been identified by 
their occasional incorporation into retroviral genomes which 
can act as natural transducing vectors for these and perhaps 
other cellular genes”. Cell-derived oncogenes of retroviruses 

` (y-onc) are associated mostly with the induction of mesenchy- 
gial tumours whereas carcinoma induction is rare’. One of these 
‘e carcinoma-inducing viruses is the acutely transforming 

vian retrovirus MH2 (refs 3-5). Recently we” and others 
have shown that this virus carries a novel putative oncogene, 
y-mil, in addition to the known oncogene v-myc. While the 
- transforming ability of v-mil has not been directly established, 
-we have recently discovered by hybridization analysis that v-mil 
is homologous to v-raf (ref. 9), the transforming gene of the 
-murine retrovirus 3611 MSV (ref. 10). Both viruses express 
the mil/raf oncogene product as a gag-fusion polyprotein”™’, 
‘while the myc oncogene of MHZ is expressed via a subgenomic 
< mRNA”. Here we report the complete nucleotide sequence of 
-y-mil and compare it with that of v-raf**. The 80% homology 
between the nucleotide sequences and the 94% homology 
between the predicted amino acid sequences of the two viral 
genes clearly indicate that these are the avian and murine forms 
of the same gene. Comparison of the two sequences with that 
of the human cellular homologue” (T. 1. Bonner et al., manu- 
script in preparation) indicates that v- raf has more 3‘ untrans- 
ted sequences while v-mil has additional sequences from two 
' exons of the cellular homologue. Although the mi l/raf amino 
acid sequences reveal partial homology to that of the v-src 
product, no tyrosine-specific protein kinase activity is detected 

land the gag-raf hybrid proteins. 


Ser) in the mil sequence a 


codons almost always follow upstream AUGs in those message 
where translation initiates internally, it has been proposed tha 
such terminators may function to facilitate the early return to 
circulation of those ribosomes which initiate at the upstream 
site’. The prospect that ribosomes may not be released immedi 
ately after translation termination, but rather continue scann 

for at least some distance, provides an addition l rationa 


p ¥ : 


for this observation, and suggests a mechanist nby which poly- 
cistronic transcripts may function in mammalian cells. — i gee 

We thank Y. Gluzman for COS-1 cells, Mark Vassar for the 
preparation of the oligonucleotide linkers, and J. Souder and — 
D. Eaton for technical assistance. EER 
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1,416 nucleotides of MH2 proviral sequence containing the 
complete v-mil sequence as well as adjacent viral gag pi? 
sequence at its 5’ end and myc gene sequence at its 3’ end were - 
determined and compared with the corresponding v-raf. 
sequence in Fig. 1, The 5S’ end of v-mil is tentatively located at 
nucleotide 93 or 94. This determination is based on the « va- 
tion that nucleotides 1-92 are homologous to the gag p12 
sequence of Rous sarcoma virus (RSV)!4 while the following 
nucleotides are not. In addition, comparison with the human 
homologue c-raf-1 shows homology beginning at nucleotide 94. 
Nucleotides 94-265 are specific to v-mil. Comparison ` ith the 
human cellular homologue indicates that they are derived frot 
three exons, one of which is exon 1 of the chicken cellular clon 
c-mil-4 (refs 7, 15) and two of which were not identified in th 


chicken clone. Homology to the v-raf sequence begins at posi- 


tion 266 and with the exception of two small insertions or 
deletions continues to the termination codon at nucleotide 
1,233. The v-mil sequence ends 12 nucleotides 3’ of the termina- 
tion codon. Beyond this point, the sequence matches that of the - 
myc cellular homologue, beginning in the first intron 172 nucleo- . 
tides 5’ of the second exon (M. Linial, personal communication). 
The v-mil sequence contains an insertion of a nucleotide a 
1,209 coupled with the deletion of four nucleotides between 
1,215 and 1,218 which preserves the reading frame to. th 
termination codon. The human homologue shows no deletion 
in this region relative to v-raf. Thus, the insertions occurred in 
the mammalian lineage before the divergence of humans. ant 
mice or deletions arose in the chicken lineage. Alternatis 

the deletions may have arisen during viral replication of MH 


after its acquisition of the v-mil sequence. The nucleotide 
sequence homology over this common coding region is 80%: 
with most of the changes occurring as silent third position 
changes so that the predicted amino acid sequences have 94% 
homology. yey 

The MH2 sequence has only one open reading frame capable 


of producing the gag-mil polyprotein of molecular weig 


weight of the gag-mil p100 pr 

acrylamide gel electrophoresis, 

protein is phosphorylated and possibly glycosylated 
three potential glycosylation sites of the form 1 



























































mice A $ CCGGATAATT GAGGATGCAA TTCGAAACCA TAGTGAATCA GCTTCACCCT ceactrcere T 


G A 6 C T G GA G 


E i A G CC G T c T G AC 


G- n C TaGC c G A C G 


¢ c G GT G TC G C 


Gace G A TG GTE 


CAGC T G C CGO G A 


 Hpal 


CG -A TOCC? GAA CC 


cockeoceac CCCGTGTCCC 


nd v-raf (Fig. 2), one occurs at a position where v-mil, v-raf 
d human c-raf-1 differ (T.1.B. et al, manuscript in prepar- 
ion), 11 occur at a position where v-raf and c-raf-1 are the 
me and six occur at a position where v-mil and c-raf-1 are 
same. This result is consistent with mice being more closely 
lated to humans than chickens. 
A computer search of known protein sequences revealed that 
the mil/raf oncogene is related to members of the src family 
of oncogenes (see below). The homology is to the carboxy half 
_of the p60 v-sre product which is associated with tyrosine- 
pecific protein. kinase activity. Since the v-raf product has not 
‘am tyrosine kinase activity’, it was unexpected that this 
; ened for the e lee acae The fact mas the 











ae F TATITTGCTC TTCATGGGCT ACATGACTAA AGATAACCTG GCCATTGTCA CACAGTGGTG TGAAGGCAGC AGTCTGTATA AACACCTGCA CGTTCAAGAG 


C cc G G Aa GC G G c c TCG 

Sphi 700. 

ACCAAGTTCC AAATGTTCCA GCTCATTGAC ATTGCTCGGC AGACAGCGCA GGGAATGGAC TATTTGCATG CAAAGAATAT CATCCACAGA GACATGAAAT 
A G A C A T c 
Stul 800 
CCAATAATAT ATTTCTTCAT GGAGGCCTCA CAGTGAAAAT AGGAGACTTT GGTCTAGCAA CTGTAAAATC CAGGTGGAGT GGATCGCAGC AGGTGGAGCA 
c CO A G T T TG AGG acc tr TA 
Acci 900 


ACCCACTGGT TCCATTTTGT GGATGGCACC AGAAGTGATA CGGATGCAAG ACAGCAATCC GTTCAGTTTT CAGTCAGATG TCTACTCCTA TGGAATAGTA 


TTGTATGAGC TAATGACAGG AGAGCTGCCA TACTCCCACA TAAACAACCG CGACCAGATT ATTTTCATGG TTGGTCGAGG ATATGCTTCT CCAGACCTCA 


TGA Cc C ¢ c e G G ¢ ¢ ¢ G 
1600 

c c A ce G . c Ff YT 
1100 


GCAAGTTGTA CAAGAACTGC CCCAAAGCAA TGAAGAGGCT CGTAGCAGAT TGTTTGAAGA AAGTTAGGGA AGAAAGACCC TTGTTTCCGC AAATACTGTC 
GA C AA 


TTCCATTGCA TTGCTGCAAC ATTCTTTACC CAAAATCAAC CGGAGTGCTT CCGAACCATC TCTGCACCGC GCATCCCATA CAGAGGACAT AAATTCTTGC 
c co YT G Tf ¢ T. G 


 - ACGTTAAÇAT CCAC- - - -AA GACTGCCTGT TTT rAGGAT reractoee, ATTATTAGTT TGTATATATA TATATATATA AATCAATCTG ACGGCGCGGG 


l GTOCCGGGAG GGAGCGCTGC GTGCCGAGGG TCGATCTTCG CCGCTATAGG GGCCGGGCGG AGCGGAGCCT CECGGECCCCG AGCGCGGCTC ACCCaGCCCC 


Fig. L Nucleotide sequence comparison between the mil region of MH2 proviral DNA and v-raf**. The complete v-mil sequence is showr 
with partial sequences of adjacent viral gag and v-myc genes. The v-raf coding sequence is shown below the v-mul sequence at nucleotide: 
where it differs from v-mil, and deleted nucleotides are indicated by dashes. The 5’ borders of v-mil and v-raf are indicated by arrows. ‘The 
termination codon common to both sequences is boxed. The location of the mil~myc junction is indicated by an arrow. Restriction sites used . 
for sequencing of MH2 DNA by the Maxam-Gilbert method”? are indicated above the nucleotide sequence. 
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400 
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Ç G G T GCC AA 
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+300 
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very low levels of phosphorus are transferred to the p75 gag 
protein of 3611 MSV or the p100 gag-mil protein of MH2 X 
(Fig. 3, lanes 5, 7). Furthermore, phosphoamino acid analysis 
revealed that this phosphorylation occurred at threonine and 
serine residues but not at tyrosine residues as in the gag-fps 
protein (data not shown). This agrees with the phosphorylation 
pattern observed in vivo for these proteins! 79, Whetherthe 
low level of in vitro phosphorylation of the raf and mil proteins: oe 
is an intrinsic activity or due to cellular enzymes present in the ioe 
immunoprecipitates remains to be determined. eS 
There are three other oncogenes, v-erb (ref. 20), sia (ref. fhe 
21) and v-mos (ref. 22), which are apparently negative for 
protein kinase activity yet show homology to the kinase portion 
of v-src. Their cellular locations suggest some diversity of func- — 
tion. The product of v-erb-B has been shown to be a membrane 
glycoprotein™, possibly functioning as a growth factor rece’ 
tor** , whereas: v-fms encodes a. glycoprotein a associated v with 
membranes of ae reticulum” 











ps 






the v-mi anid v-mos”* 


Cp i Start of v-mil p 
i Pro Thr MET Pro Val 


Asn Asn METSer Pro The Gly Trp. Ser Gin Pro Lys Thr Pro Val Pro Ala Gin Arg Giu Arg Ala Pro Gly aM As 


Asn Lys tle Arg Pro Arg Gly Gin Arg Asp Ser Ser Tyr Tyr Trp Glu lie Glu Ala Ser Glu. Val keu Leu Ser Thr rg tte G 
8 100 110 am 
Giy Ser Phe Giy Thr Val Tyr Lys Gly Lys Trp His Giy Asp Val Ala Vai Lys ile Leu ik Val val “Asp Pro Thr Pro Giu Gin Phe .. © 
ae hey 
Species ces 3 140 M ae aM 
Gin Ala Phe Arg Asn Giu Vai Ala Val Leu Arg Lys Thr Arg His Asn tle Leu Leu Phe MET Gly Ty: MET Thr Lys Asp Asn Leu 


460 170 i a l -o 0 
Ala lle Val Thr Gin Trp Cys Glu Gly Ser Ser Leu Tyr Lys His is Val Gin Glu Thr ne Phe Gin MET Phe Gin Law: The Asp. us 


190 200 | | 210 
fle Ala Arg Gin The Ala Gin Gly MET Asp Tyr Leu His Ala Lys As fle His Arg. Asp. MET tys Ser Asn Asn lie Phe Leu His 


Gly Gly Leu Thr Val Lys lie Gly Asp Phe Gly Leu Ala Thr Val Lys Ser Arg Trp Ser Gly Ser Gin Gin Val Giu Gin Pro Thr Giy 
250 | 260 ap. at om 
Ser iie Leu Trp MET Ala Pro Glu Vai ile Arg MET Gin Asp Ser Asn Pro Phe Ser Phe Gin Ser Asp Val Tyr Ser Tyr Gly fle Val 
Val Asp “i127 & 
Leu Tyr Glu Leu MET Thr Gly Giu Leu Pro Tyr Ser His ila Asn Asn Arg Asp Gin ile ile Phe MET Val Giy Arg Gly Tyr Ala Ser. 
Ala | Ala a Ae ese. 
310 p 320 | : Xi g0 
Pro Asp Leu Ser Lys Leu Tyr TA Asn. ‘Cys Pro Lys Ala MET Lys Arg Leu Val Ala Asp cys ter ys Lys Val Garg Glu Glu Arg Pro l 
Arg ite . Wak bys o oo be 
340 | 350 a ae 360 
Leu Phe Pro Gin tle Leu Ser Ser lle Ala Leu Leu Gin His Ser ro Lys tie Asn Arg $ Ser Ala Sar Glu Pro Ser Leu His Arg 
Giu ooo Pee 
370 Ea o “a 
Ala Ser His Thr Giu Asp ile Asn Ser Cys Thr Leu Thr —~ Ser Thr Arg Leu Pro Val Phe 
Aia Ala F Thr — Pro 


Fig. 2 The predicted amino acid sequence encoded by v-mil compared with that of v-raf. The amino acids are numbered beginning witl 
first v-mil specific amino acid. The v-raf sequence is shown below v-mil where it differs from v-mil, and deletions are indicated by q 


Fig. 3 Protein kinase activity j in immunoprecipit: t 

of cells transformed by FSV, 3611 MSV or 

cells transformed by FSV. (FAV). (lanes 1, 2 

rat 3Y1 cells’? (lanes 5, 6), and a nonproduce 
transformed by MH2 (lanes 7, 8) were used. Lysat 

as described previously '© from unlabelled and. °S-r 
labelled cells using a lysis buffer containing 50 mM ‘Nat 
Tris-HCI pH 7.4, 0.5% NP-40, 0.5% sodium. deoxych 
EDTA and 400 units mi! Antagosan (Behring: 

tease inhibitor. Cell. lysates were _preabsorbed.: wit 
rabbit or goat sera and protein A-Sepharose, and immuno 
tates were then prepared with rabbit antiserum ag: 
proteins (lanes 1, 2d 4, 7 and 8) or with goa 


to protein A-Sepharose. Unlabelled. Tonma cip 
washed with lysis buffer and 20 mM Tris-HCI pH 4 and 


solution containing 20 mM Tris- HC pH 14 10 mÀ [Mgl 
dithiothreitol and 5 aCi [ y-* P]ATP (~2,000 Ci mmol 
sham Buchler, Braunschweig). Reaction. prod 
on a 12.5% polyacrylamide-SDS _ gel (lan 
Immunoprecipitates of *°S-methionine-labelled 
lysed in parallel (lanes 2, 4, 6, 8). They includ 
protein of FSV (lanes 2, 4), the structural protein 
and p27 of the helper virus FAV (lane 2), the p7: 
of 3611 MSV. (lane 6), and the p100 gag-m 
- and a Persie Processing product p55 (lane 8). Th 
was eects, for 12 he 
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hough the other four proteins show substantial homology in 

first region, the fms sequence shows almost no homology 
ositions 100-120. The remaining kinase negative pro- 

ins (as well as the raf protein) contain the sequence Gly-Ser- 
Gly-X-Phe-Gly-X- -X-X-Tyr at positions 21-29 with the serine 
and tyrosine residues distinguishing them from the kinase-posi- 
tive oncogenes src, fgr, yes, fps, fes and abl (refs 14, 27-31). It 
_ has been suggested that the Gly- -X- -Gly- -X-X-Gly sequence rep- 
resents a nucleotide-binding site*’. A similar sequence, Leu- 
| Gly-Thr-Gly-Phe-Gly- Lys-Val- -Val- Glu, is found in v-fms 
- about 140 amino acids further towards its amino terminal. The 
` remaining four positions where a common amino acid distin- 
guishes the non-kinase genes, except for mos, from the kinase- 
“positive genes occur in the fourth homology region. This region 
is functionally important as mutagenesis of the alanine at posi- 
tion 211 of v-src inactivates its kinase activity”. 
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There are three known examples of a retrovirus containing? 
what appear to be two oncogenes: AEV containing erbA an 
erbB (ref. 36), E26 containing ets and myb (refs 37, 38), and Me 
MH2 containing mil and myc (refs 5-7). In none of these è 
have both genes been demonstrated to be transforming. 
present data demonstrate that v-mil has 94% ami 
homology to v- -raf. When this result is compared with 
amino acid homology of v- raf to its human homologue 
it is clear that mil is the avian homologue of the murine 
gene. As both v-raf and the human homologue c-raf-1 
capable of transformation, we infer that mul is also. "ced 
Note added in proof: Close homology has been reported? ce 
between the mht (mil) sequence of MH2 and our v-raf 
sequence. The reported mht sequence is nearly identical to oy 
mil sequence; however, the authors identify the c-myc intron 
sequence as being mht 3’ untranslated sequence. | 
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I L et al? propose that the Southern 
plands contain crystalline rocks of 
continental affinity at shallow depths 
(~1-5km). We Suggest that the same 
seismic data can, in fact, be used to 


strengthen the argument for a thick 


3 accretionary prism’. 

Tt has been inferred that prehnite- 
ie pumpellyite facies metamorphism in the 
“Southern Uplands is related to tectonic 
` burial and rotation of the various slices of 
the prism as they were accreted during 

osure of the lapetus Ocean, and that 
isograds in the prism are now subparallel 

o the present day erosion surface**. The 
olour alteration of conodonts in the 
Northern Belt indicates temperatures 
between 300°C and 400°C (refs 7, 8). 
- The transition of the prehnite—pumpellyite 
,to the greenschist facies lies between 
(300°C and 350 °C (ref. 9), thus it has been 

suggested** that greenschist facies is 

ent not far below the present day sur- 
face over much of the Southern Uplands. 
The LISPB seismic profile for the 
ampian sector shows P-wave velocities 
lar to the Southern Uplands Seismic 
ofile (SUSP', that is, 6kms™! at the 
se increasing to 6.05 kms"! at 12 km 

"s Mainly amphibolite facies sedi- 

‘and granite) occur in the northern 

part and foliated greenschist facies grey- 
es occur in the south'?. In New Zea- 

and, the seismic profile for the Otago 
reenschist terrane shows a velocity of 
kms~' for the depth range 1-10 km, 

‘ing above a velocity of 6.7kms™! 
(ref. 12). In Otago the transition from 

rehnite-pumpellyite facies to greenschist 
facies is marked by a transition of poorly 

lated greywackes to strongly foliated 
juartzo-feldspathic schists'*. Individual 
nica- and chlorite-schists from Vermont, 
‘USA, have experimentally determined 
-velocities (at the appropriate pressures) 
similar to SUSP!*. We conclude that the 
-= SUSP velocities are compatible with the 


occurrence of foliated greenschist facies 


- -metagreywackes at depths 1-5 km below 
the present surface. 
2 Velocity. anisotropism in foliated meta- 
morphic rocks is well known'** and the 
SA % anisotropy measured at Eskdalemuir 
EKA)’ is very similar to that in slate, 
chlorite-schist and mica-schist measured 
xperimentally'* 16 at the appropriate 
ssure. Similar anisotropism is present 
Broughton array (BTN)! if the 
ontribution of arrivals from the Midland 
ey is ignored, We conclude that the 
ic evidence from the BTN and EKA 


supports | the existence of sub- 


Hall et al.’ reinterpreted the Southern 
Uplands LISPB sector!” in terms of block- 
faulting of crystalline crust. We are not 
competent to quantify a seismic model 
involving the block-faulting of a thin layer 
of isotropic greywackes lying above 
anisotropic greenschists but we point out 
that the boundaries between the seismic 
blocks’ correspond well with existing 
block faults”. 

The geological arguments of Hall et al! 
are equivocal: the xenoliths could origi- 
nate from English continental crust sub- 
ducted below the Southern Uplands’; the 
Midland Valley conglomerates may have 
come from the upper 11-17 km of the 
prism (Cockburnland!’) which has since 
been stripped off’. 

We conclude that the seismic evidence 
supports a thick accretionary prism in the 
Southern Uplands. We predict that a 
suitably positioned borehole sited in 
blocks F2 or F3 will penetrate greenschist 
facies metagreywackes rather than crystal- 
line continental basement. 


G. J. H. OLIVER 
Department of Geology, 
University of St Andrews, 
St Andrews, Fife KY16 9ST, UK 


W. S. MCKERROW 
Geology and Mineralogy 
Department, 
Oxford University, 
Oxford OX1 3PR, UK 


1. Hall, J. et al. Nature 305, 418-420 (1983). 
2, Leggett, L K., McKerrow, W. S. & Soper, N. J. Tectonics 
2, 187-210 (1983), 
3. Oliver, G. J. H. Nature 274, 242-243 (1978). 
- Oliver, G. J. H. & Leggett, J. K. Trans. R, Soc. Edinb. T1, 
235-246 (1980). 
. Leggett, J. K., McKerrow, W. S. & Eales, M. H. J. geol. 
Soc. Lond. 136, 755-770 (1979), 
. Hepwroth, B. C., Oliver, G. J. H. & McMurtry, M. J. J. 
geol, Soc. Lond. Spec. Pubi. 10, 521-533 {1982}. 
; pita S. M. Geol. För. Stockh. Farh. 102, 377-392 
(1980). 
. Epstein, A. G., Epstein, J. B. & Harris, L. D. U.S. geol. 
Sure. Prof. Pap. 995, 1-27 (1977). 
9. Schiffman, P. & Liou, J. G. J. Petrology 24, 441-474 
(1980). 
. Bamford, D., Nunn, K., Prodehl, C. & Jacobs, B, J. geol 
Soe. Lond. 1393, 481-488 (1977). 
. Anderton, R., Bridges, P. H., Leeder, M. R. & Sellwood., 
B. W. A Dynamic Stratigraphy of the British Isles (Allen 
& Unwin, London, 1979}. 
> Davey, F. L & Broadbent, M. N. Z. Ji Geol. Geophys. 23, 
395-406 (1980). 
3. Turner, F. J. Metamorphic Petrology—Mineralogical and 
Field Aspects ist Edn (McCraw Hill, New York, 1968). 
4. Birch, F. J. geophys. Res. 65, 1083-1102 (19460). 
5. Garrick, R. A. & Hatherton, T. N.Z. Jl Geol, Geophys: 
16, 973-995 (1973), 
.6. Christensen. N.I. J. geophys. Res. 70, 6147-6164 (1965). 
. Walton, E. K. The British Caledonides (eds Johnson, M. 
R. W., & Stewart, F. H) (Oliver and Boyd, Edinburgh, 
1963}, 


HALL ET AL. REPLY—Oliver and 
McKerrow accept our conclusions that 
there are crystalline rocks at shallow depth 
in the Southern Uplands. Their suggestion 
that the rocks are greenschist facies meta- 
greywackes, part of an accretionary wedge 
occupying nearly all the present crustal 
pile, represents an unlikely possibility 


: rather.than a proosmny i more central to 


anisotropy of less than 7 


Shots on LISPB' and the Ot 

are too far apart to provide good 

on shallow velocities, Inspection o 
original LISPB data from shot 1 suggest 
that the velocity of Dalradian greenschis 
metasediments is significantly less than 
6kms~‘ at 1 km depth (in the fast direc- 
tion—along the horizontal banding of the — 


‘flat belt’). From this and other. field 


measurements across banding, we. esti- 
mate that at 1 km depth these rocks would. : 
have a mean velocity of ~5.6kms™>and — 
7%, The Otago 
data may be modelled similarly. . ne 
Laboratory data>> show average values: 
for anisotropy in small cores of schists and. 
associated rocks at pressures correspond. 
ing to 3km depth to be only 7-9‘ 
although higher individual values ar 
found. Less anisotropy would be expect 
in the field. The 15% anisotropy. sough 
by Oliver and McKerrow is likely to 
require | the rocks to have a 40% content: 
of mica* oriented consistently throughou i 
the region. a 
Thus, Oliver and McKerrow’s claim thai 
greenschist facies metagreywacke at 1 km 
depth. would have a mean velocity o 
6kms ‘and 15% anisotropy is at the limit. 
of possibility. z 
Turning to the geological evidence, it is 


unlikely that a ‘regional metamorphic- 


transition from a greywacke with little or 
no fabric to a wholly reconstituted mica. 
schist occurs over only 1 km depth, despite 
the ‘dynamic’ example near the Alpine 
Fault®. Oliver and McKerrow themselves 
imply elsewhere”® that the tran or 
the Southern Uplands takes plac ver 
depth range of 7~12 km. ; 

Oliver and McKerrow imply: 
accretionary wedge occupies more 
the whole crust north of the subduc: 
zone indicated on WINCH? and with at 
least 10 km already removed by erosion; 
the stack must have reached a thickne 


of 40 km or so, far in excess of present-d; 


examples’®, 

Xenoliths from post- -Caledonide vents 
in the Southern Uplands are sufficiently 
similar to those of the Midland Valley. to 
suggest derivation from a similar crust!*. 
It has yet to be established if the English 
continental crust could supply xenoliths of 
this type, and whether such crust extends 
far enough north (interpretation of the 
Iapetus Suture on WINCH suggests that 
it does not). 

Northward translation‘? e 
Southern Uplands is required to account 
for the missing Ordovician fore-are ba 
and to cover the source of the Silur 
conglomerates. We cannot $ 
entertain the idea that the subs 
thickness of Silurian rocks in thes 
Midland Valley came from Cockb 
which, in addition, has to supply's 
to a coeval trench to the south 
more than 5 km | wide’? is and 
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Geomagnetic reversals 





RECENTLY Valet et al’ presented 
- palaeomagnetic data associated with a pair 
of. reverse-to-normal (R-N) polarity 
` transitions from western Crete. The two 
transition records, differing in age by 
about 1.2 Myr, were found to possess very 
‘similar directional field behaviour in that 
‘the corresponding paths of the virtual 
“geomagnetic pole (VGP) were shown to 
be nearly identical. The authors then 
noted that an earlier reported N-R VGP 
path from Crete*, associated with the 
transition which closely follows in time the 
= younger of the two R-N reversals, is 
largely discrepant to the other paths. 
- -Given these comparisons, the authors con- 
clude, first, that requirements of the stand- 

ing field model for transition fields? are 
Not satisfied by these data, and second, 
that the reversal mechanism in the core 
ay be associated with a definite field 
onfiguration over some period of time 
that successive reversals of the same 

recorded at the same site will be 
ociated with identical VGP paths. 


y purpose here is to explore the above 
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ment further. For the authors’ asser- 


during a time- 
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Fig. 1 Paths of the virtual geomagnetic pole associated with three polarity transitions recorded’ 

on Crete’’. The drawn path depicts north poles associated with KS06 R-N transition. The 

solid circles are north poles associated with the older KS02 R-N transition. The open circles ~ 
are south poles associated with the younger N-R transition (after refs 1, 2). 


characteristics should be observed to 
Possess antipodal VGP paths when recor- 
ded at the same site. If, on the other hand, 
the reversal process is asymmetric such 
that each transition sense is associated 
with a different field configuration, then 
antipodal behaviour probably will not be 
observed. The question now is: how does 
the VGP path associated with the N-R 
transition record? compare with the two 
R-N transition paths’? 

Figure 1 shows the highly detailed VGP 
path associated with the younger (KS06) 
R-N transition’ along with individual 
VGPs associated with the older (KS02) 
R-N transition’. Also plotted are the 
individual south VGPs corresponding to 
the N-R transition’. As can be seen in the 
figure, all three records contain intermedi- 
ate VGPs which reside along a relatively 
narrow path west of the site. Indeed, the 
longitudinal span of this combined path 
narrows to less than 45° for near- 
equatorial poles. Furthermore, an east-to- 
west migration of intermediate VGPs is a 
common feature of all three paths, where 
data exist. 

For the R-N north pole transition paths 
to be found in close proximity to the N-R 
south pole transition path implies that the 
north VGP paths of the former transitions 
are roughly antipodal to the north VGP 
path of the latter transition. This finding 
suggests that the harmonic content during 
all three reversals was quite similar apart 
from a complete change in sign of the 
transition field associated with the N-R 
event. Such a situation is consistent with 
a reversal process whose time-dependent 
configurational characteristics are inde- 
pendent of transition sense. 

In this regard, the generalized flooding 
model” can successfully accommodate 
these data through a simulated reversal 
process which begins and extends from the 


‘same localized region in the core for all 
three polarity transitions from Crete. It is 
interesting, however, that a pair of 


_tecently reported sequential reversals (R- f 


early identical north pol gis 
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paths. Such a case cannot be Strictly 

explained by the above arguments, but 
suggests that major changes in the charac- 
teristics of the reve: sai process in the core 
“- occur abruptly between successive 
geomagnetic transitions. : 


KENNETH A. HOFFMA 
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San Luis Obispo, a 
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VALET AND LAJ REPLY—We ha 
limited our comparison to tw. el 
normal (R-N) paths from transitions 
recorded in the same section. Hoffm 
remarks that a more complete picture < 
be obtained using antipodal virtual 
geomagnetic pole (VGP) paths of N-R 
transitions. Using the south VGPs relative 
to a N-R transition recorded in a nearb 
section at Potamida (which we now ca 
KP02), he concludes that the paths of all - 
three transitions are very similar, 

The data for this N-R transition, 
however, although detailed, are not. 
rigorously classifiable as category ‘A’ : 
because of lack of points in the second” a 
half of the transition’, as remarked by 
Hoffman himself’. A new detailed samp- _ 
ling with very precise stratigraphic control = 
yields a much more detailed and stil] 
unpublished VGP path quite similar to the 
previous published one, although so 
differences exist in the equatorial VG 
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Fig. 2. Paths of virtual geomagnetic poles associated with the KS06 (solid symbols) and KP02 


n our opinion still significant when 
id N-R record is used). Moreover, 
e following remarks can be made. 

„As pointed out by Hoffman, an east-to- 
west migration of intermediate VGPs is a 
common feature of all three paths. In our 
\paper’, we had erroneously thought that 
ji 'haracteristic was related to proper- 
the Skouloudhiana section. We now 
with Hoffman that it is related to 
eversal’s mechanism. 

€ N-R transition in Potamida lies out- 
the time interval between the two 
versals in Skouloudhiana, so the 
ence observed in the VGP paths indi- 
iat some differences exist between 
ransitional field configurations rela- 
-KS02 and KS06 on one side and 
on the other. It does not, however, 
any information about the N-R 
insitions occurring during the time inter- 
l between KS02 and KS06. Data about 
L hese transitions are thus needed to deter- 
mine whether the differences observed in 
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N their study of aeolian dunes, Wasson 
„and Hyde’ concluded that sand supply is 
an important determinant of dune type. 
<- Their study was based on the assumption 
that equivalent sand thickness (EST, 
-defined as the ratio of sand volume within 
-dunes to the area of a dune field) can be 
< used to quantify sand supply and sand 
_. availability. Our purpose here is to argue 
< that EST is a measure of dune size and 
shape, not a measure of sand supply. As 
a result, the technique of equating EST 
d sand supply can be shown to lead to 
orrect conclusions when tested with 
aqueous bedforms. 
and supply and sand availability are 
eral. terms that might be loosely used 
: e quantities: a) the volume 












open symbols) transitions. For KS06 the path depicts north-VGP, for KP02 south VGPs. | 
| Fhetwo paths appear to be clearly distinct, although an east-to-west migration of intermediate 
| VGPs exists in both of them. 


the VGPs paths are due to some changes 


in the reversal mechanism occurring 


between KS06 and KP02 or whether 
transitions of opposite sense are always 
associated with different field configur- 
ations. 

In Skouloudhiana, unfortunately, the 
NRM intensity of the sediments at the 
corresponding stratigraphic horizons is 
very low, so that measurements are 
difficult. However, some measurements 
are now in progress using a cryogenic mag- 
netometer, and we hope to solve this 
problem. 

JEAN-PIERRE VALET 
CARLO LAJ 


Centre des Faibles Radioactivités, 
Domaine du CNRS, 
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of potentially erodable sand in a unit area 
of dune field, including sand below the 
surface that passes through dune troughs, 


(3) the fraction of a dune field covered by 
erodible sand, (4) the rate at which sand. 


is supplied to a unit width of dune field 
from upwind sources, and (5) the rate at 
which sand accumulates in a dune field 
(that is, the rate of deposition or erosion, 
which is equal to the difference between 
the rates at which sand enters and leaves 
a unit area of dune field’). The first two 
quantities have units of length, the third 
is dimensionless, the fourth has units of 
area/time, and the fifth has units of 
length/time. In precise usage, the para- 
meters that measure sand abundance or 
availability [quantities (1)-(3) above] 
must be distinguished from the parameters 
that measure rates of sand transport 
[quantity (4)] or accumulation quantity 


gn 







= only if all available sand in a dune fiel dis 28, 


field covered by erodible sand), rather : 
than measuring EST. 


determinant of what type of subaqueous 





e “that ‘Sand oth 





oad the § same. fo rhi : 
fields, in areas of high wind energy.’ 
Although no st neter can quan- | 
tify all five types of $ upply’ listed 
above, the statement. quoted se O 
imply that a quantity measured in units of - 
length (EST) might somehow describe a 
sediment-transport-rate quantity if the e 
rate is not too high. ee 

Another problem with using EST to eS 
measure sand availability is that EST does a 
not include erodible sand that may occuro 
below the surface that passes through dune 
troughs—a quantity that may represent _ 
the bulk of sand in a dune field. In other 
words, EST is a measure of available sand 




















































































incorporated within dunes. This assump- 
tion, which forms the basis for Wasson 
and Hyde’s analysis, is unsupported, and 

it is clearly incorrect in areas where dunes 
deposit cross-stratified beds, because in’ 
such areas of deposition, sand is transfer- — 
red from dunes to underlying beds*. The 
problem of quantifying sand availability | 
might be eliminated by measuring quantity . 
(3) listed above (the fraction of a dune ` 








Because EST is independent of fluid 
medium, it is instructive to test Wasson 
and Hyde’s analytical technique with 
subaqueous bedforms, about which more 
is known. From a plot of subaqueous, bed- — 
forms as a function of EST and current © 
variability (like Wasson and Hyde’s Fig. 
4) one might incorrectly conclude that 
sand waves occur where sand is abundant 
that upper-regime flat beds occur whe 
sand is scarce, and that ripples occur whe 
sand abundance is intermediate. (in re 
ity, flow strength is a more important. 


bedform is produced.) The point of con- 
sidering subaqueous bedforms is not to 
argue that aeolian bedforms behave 
similarly, but rather to demonstrate that, 
regardless of fluid medium, a correlation 
between bedform type and EST does not 
prove that EST (or sand supply) is a deter~ 
minant of bedform type. Instead, EST may- 
merely reflect bedform type, with bedform 
type determined by other parameters. 

As a result of their EST-based analysis, B 
Wasson and Hyde conclude that; (1) bar- 
chans occur where there is very little sand, 
(2) transverse dunes occur where sand is 
abundant, (3) longitudinal dunes occur 
where there is little sand, and {4) Star 
dunes occur where sand is abundant. 
clusion (1) is undoubtedly correct, | 
other three conclusions are suspe 
example, transverse dunes form in 
areas with so little sand cover that ut 
ing rocks or sediments are expo 
deeper parts of dune troughs, and tk 
height in some such areas is so 31 
the meant thickness of ere odible sa 






























cur where ‘there is little pay is unjus- 
tified because the EST measurements on 
which that conclusion is based are incap- 
“able of identifying areas with little avail- 
able sand (because additional sand may 
underlie dune troughs). 

This question about whether longi- 
tudinal dunes can occur where sand is 
abundant has important ramifications to 
geologists studying aeolian deposits. If 
longitudinal dunes can occur only where 
sand is scarce, they should be unable to 
produce deposits without causing their 
own destruction or evolution into other 
kinds of dunes. 
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WASSON AND HYDE REPLY—The 
aeolian sand both in dunes and swales is 
that proportion of the total arenaceous 
sediment, lying either beneath or upwind 
of a dune field, that has been made avail- 
able for deflation and dune construction. 
It follows that equivalent sand thickness 
(EST) in a dune field in which all of the 
aeolian sand lies within the dunes is a good 
measure of the sand made available for 
- dune construction. In dune fields where a 
~ large volume of aeolian sand lies in swales, 
<- EST is a minimum estimate of the total 
volume of aeolian sand in the dune field. 
We do not claim’, as Rubin believes we 
do, that EST equals the total arenaceous 
‘sediment body that might be deflated in 
-either conditions different from those that 
have prevailed during the history of the 
¿dune field or at some future time. 
‘Observations in a number of dune fields 
clearly show that not all sandy sediments 
“have been deflated to form dunes. In the 
Thar, Simpson and Kalahari, for example, 
large stores of non-aeolian sand lie both 
“beneath and upwind of the dunes**”. 
= Examination of pits, wells and bore-logs 
. both by us and by others shows that sig- 
-nificant quantities of aeolian sand lie in 
--swales in fields of star and transverse 
dunes, very little in fields of longitudinal 
_ dunes and none in areas of barchans’. The 
-inclusion in estimates of EST of this frac- 
: tion. of. aeolian: sand. would therefore 
| | differences between 















; Saad anspor: fae “wae "responded oh Be 
directly to the fluid medium. We also note _ 


the possibility that EST has been control- 
led by a number of meteorological and 
biological factors that differ both between 
dune fields and through time. The control 
of subaqueous bedforms by the fluid 
medium does not have a simple parallel 
in subaerial dune fields. For example, 
there is no equivalent of vegetation in river 
bedforms, and the density differences 
between solids and the transporting media 
in the two cases cautions against a simple 
comparison of the kind suggested by 
Rubin. Therefore, a test of our ideas about 
desert dune fields using subaqueous bed- 
forms is casuistry. Rubin notes that he 
does not wish to infer that aeolian and 
subaqueous bedforms behave similarly, 
making his comparison even more 
puzzling. 

One of Rubin’s objections to our con- 
clusions is his observation that transverse 
dunes form in some areas where swales 
are not covered by aeolian sand, thereby 
implying low EST. In our Fig. 4 only lo 
is plotted about the mean of EST for each 
dune type so, clearly, low values of EST 
were included in our sample. We do not 
claim that all values of EST in transverse 
dune fields are higher than all values of 
EST in longitudinal dune fields. We have 
used statistical significance as our criterion 
of difference. Rubin's citing of a few 
undocumented and unquantified examples 
unfortunately follows in a long tradition 
in aeolian geomorphology. We specifically 
set out to quantify relationships using all 
of the best data available to us, so as to 
avoid the selective use of examples. 

It is relatively easy to see how the vari- 
able RDP/ DP might influence dune type. 
The role of EST is less clear, and so our 
use of this variable is best viewed as an 
aid to discrimination between dune types. 
If transport rates have always been higher 
in presently hyper-arid dune fields, by 
comparison with presently more humid 
dune fields, then it is possible that EST 
reflects, among other things, the presence 
or absence of long-distance sediment 
transport by wind. Star dunes have the 
highest values of EST and occur in areas 
in the Sahara where sand flow conver- 
ges” *_ Simple longitudinal dunes in the 
Simpson-Strzelecki dune field of Australia 
have low values of EST and have been 
derived from sediment sources close by’. 
It is conceivable that EST reflects dune 
type rather than vice versa. Rubin’s com- 
ments have highlighted this unresolved 
problem but we cannot agree with his con- 
clusions. 

R. J. WASSON 
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j. A. MABBUTT. COM MENTS 
exchange of views between Wassc a 
Hyde! and Rubin has been. useful mo 
clarifying controls over sand availability 
for dune formation, but in my view does 
not go far enough in considering how this ~ 
in turn acts to determine major dune type. ` 
This determinant would appear to be the. _ 
extent of non-dune surface suited to the — 
rapid transmission of saltating sand, rela- 
tive to the area of sand-trapping dune ae 
surface. Where the former is so dominant = 
as to leave the dune accumulations iso-. 
lated, barchans characteristically develop; 
where the relationship is such as to allow 
the continued exposure of downwind- 
oriented non-dune strips, longitudinal 
dunes are typical; where, on the oth 
hand, the non-dune floor remains. cor 
pletely buried or revealed only in m o 
and non-connecting troughs, transverse \ 
dunes are found. In many dune fields these 
relationships occur in sequence down 
towards a basin depression of san 
accumulation, and there is a correspond- 
ing downwind sequence of dune form. A 
whole range of circumstances can inte 
vene to determine these relationships. be 
locally, including thickness of prior sands — 
available for wind-working into dunes, 
current aeolian sand supply, the trans- 
missivity of the underlying floor, wind 
energy and vegetation cover. — ce 
Patterns of longitudinal dunes, i in whic 
dune and non-dune surfaces are. 
evenly matched in extent than in th 
dune types, are strongly influenced 
variations in the nature of this non-d 
surface. A recent account of longitudin: 
dunes in the north-west Simpson Desert” 
shows that the non-dune ‘floor’ can vary _ 
locally between soft unconsolidated sand 
(partly wind-worked sandy alluvium?), — 
firm surfaces of coarse-textured alluvium, . 
and hard gibber pavements. The dunes 
that cross these surfaces may accordingly 
vary between wind-sculpted forms, sand 
mounds assembled in situ, and transgress- 
ive dunes. There is strong evidence that _ 
differences in sand-transmissivity between 
the non-dune ‘floors’ have contributed to | 
differences in spacing and other patter 2 
attributes. . 
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a “THE ais ae of singularity theory are 
happily not dependent upon the dark 
_ mystics of catastrophe theory’’. Thus V. I. 
<<- Arnold, a distinguished Russian. mathe- 
-< matician, sums up a widely-held profes- 
‘sional view of the most extraordinary 
“mathematical development of the century. 
However, in René Thom’s new book, a col- 
ection of essays written between 1967 and 
981, Thom goes a long way towards clari- 
i ying some of the misunderstandings that 
lie behind Arnold’s judgement, which re- 
ects certain deeply-held prejudices of the 
cientific community. To put this far- 
eaching conflict of views into perspective, 
‘the remarkable history of catastrophe 
\theory needs to be considered. 
_ Ten years ago, an area of deep and diffi- 
mathematics, involving profound 
heorems that had aroused the interest of 
the world’s finest mathematicians, sudden- 
ly became the topic of newspaper and 
‘Magazine articles, common-room discus- 
ion and party gossip. This resulted from 
wo events: the publication in 1974 of René 
‘thom’s first book, Structural Stability and 
Ae phogenesis; and E. C. Zeeman’s com- 
junication to the International Congress 
[athematics in Vancouver in the same 
ear, describing the application of Thom’s 
leas to a great variety of problems, not 
only in mechanics and physics but also in 
ology and the human sciences. 

Thom had extended and developed a 
Acory of the mathematician H. Whitney, 
blished in 1955. Whereas classical (i.e. 
wtonian) differential calculus considers 
nly smooth, continuous processes, Whit- 
ney’s theory allowed for a systematic study 
of the discontinuities, breaks or jumps that 
can occur in a dynamical process, des- 
ee cribed by its singularities. Smooth mapp- 
_ ings and their singularities are extremely | 
= widespread and familiar: flows and wave 

formation in liquids, meteorological fronts 
and turbulence, regions of intense il- 

=. dumination due to light (rainbows, curves 
< “of bright light at the bottom of swimming 
~ pools), the condensation of water vapour, 
-the formation and propagation of defects 
- in crystals, and so on. Following Whitney’s 
basic study, singularity theory developed 
rapidly and acted as a focal point for 
ie combination of some of the most 
dstract areas of mathematics (differential 
| algebraic geometry and topology, 
> theory, commutative algebra etc.) 
some. of the most applied (stability 
ifurcatio ‘ory, geometrical 
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Thom combined the abstract and the 
concrete to formulate a comprehensive tax- 
onomy of the singularities that could occur 


-in spaces of four dimensions — three of | 


space and one of time; the world as we 
know it — suggesting that these singulari- 
ties are the origins of all natural forms that 
arise in a sufficiently structured (e.g. 


polarized) system. Christopher Zeeman | 
located this theory within the broader con- | 


text of general systems, greatly extending 
the potential applications of the theory and 
including the human and social sciences; 
and he it was who suggested the term ‘‘cata- 


strophe theory’’. The dual offer of a syste- | 


matic theory describing the genesis of form 
from Thom, together with Zeeman’s ex- 
amples illustrating its non-linear dynamical 
applications, suddenly opened a door to an 
extraordinary world of mathematical 
modelling. Large numbers of people pass- 
ed through, but soon many were shouting 
that they had been offered false goods; that 
the emperor had no clothes. What did they 
find in that promised land? 

Arnold’s clear and often entertaining lit- 
tle book (for which the translator should 
take some credit) casts a caustically il- 
luminating eye over what he sees as a typi- 
cally Western marketing phenomenon, 
summing it up in a quotation from Doro- 
chevich: “‘I think, my dearest, that all this 
decadence is nothing more than simply a 
way to approach tradesmen’’. His own sci- 
entific judgement is severe: ‘‘In the majori- 
ty of serious applications, the singularity is 
a Whitney cusp [describing basic reversible 
discontinuities or phase transitions, suchas 
gas condensation and vaporization] and 
the result was known before the advent of 
catastrophe theory’’. This is certainly an 
over-reaction, for there are thoroughly 
rigorous applications of the higher-order 


catastrophes to physical phenomena that | 


depend upon Thom’s extension of the 
Whitney theory, such as the use of the 
elliptic umbilic to study and predict 
hydrodynamic stagnation points in the six- 
roll mill experiments of Berry and Macklin. 
And, in biology, Zeeman has applied 


catastrophe theory in original and useful | 


ways to morphogenetic processes in em- 
bryos, making predictions and stimulating 
experiments the results of which are 
consistent with the model. However, Thom 
distances himself from such applications, 
insisting that there is a much more pro- 
found use of catastrophe theory than the 


rigorous quantitative. analysis that Arnold. 







| however, 





modelling and | good science. “What is this. 
vision? Eo 3 
The subtitle of: jà as first book was a 
An Outline of aG eral Theory of Models. - 
Despite its title, this second book is, like the 
first, more abou l theory of ` 
modelling than- actual models. 
Readers may or may not like this style of 
theorizing, but ofice accepted thebookcan 
be read for what it is: an inspired and ` 
imaginative exposition of both a scientific : 
methodology and a research programme, _ 
illustrated in diverse contexts (physics, | 
biology, psychology) by using catastrophe 
theory to sharpen questions rather thanto _ 
obtain answers to specific problems; Likea _ 
piece of classical theatre, the climax of the ~ 
book comes in the middle, Chapters 7 and 
8, containing Thom’s defence of his con- 
ception of his theory. With a- gesture 
characteristic of the central i image of cata- _ 
strophe theory, the bifurcation set of the 
cusp, Thom opens our imaginations witha 
perceptive discussion of the aims of science 
and the nature of space-time, magic and- 
geometry, and then brings these perennial- 
themes into sharp focus on a problem for 
which he offers, not an answer, but a pro- | 
gramme of investigation. 
The discussion is centred on the siru 
to unify action with understanding 
former aiming to resolve local pro 
while the latter seeks the universal or the 
global. Thom argues that the great scien-— 
tific successes (Newtonian gravitation, - 
electromagnetism, quantum mechanics, i 
relativity theory) are non-local theories- 
that describe the magic of action-at-< 
distance in terms of strictly controlled local 
manifestations: for example, Maxwell's 
equations localize electromagnetism; Eins- 
tein rendered gravitation local. Theories 
that have no ‘‘magical’’ non-local 
elements, argues Thom, do not introduce 
new possibilities of action. ‘‘Catastrophe 
theory, anti-magic par excellence, pus 
the principle of locality to the extreme: : 
is without doubt why it hardly offers ne 
practical possibilities”. Must it not, ther 
also fail to provide insight or understar 
ding, since it has no global proper 
Here Thom offers a research programm 
the objective of which is to construct the 
global from the local by a procedure in 
which the Urbild of. spatiality, the 
generative ees of space, i is an org 
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penis to catastrophe en hih is 
precisely about the e of form 1 from 











iensely localized form he potential fc 
generating a specific, extended struc 
But a rigorous mathematical theory o 
a generative procedure is as Jet 
existent. - 

- The absence of an appropriate t 
does. not. stop Thom from 
















ropes. as ae the  dlgebraico-gevinett 
< cal structures which stabilize concepts in 
mental activity space. Semantics is based 
upon approximate isomorphisms between 
logoi of material beings and those of the 
corresponding concepts, and so mind 
perceives real properties of objects which 
are the “bearers of meaning”. His objec- 
tive is then ‘‘to create a theory of meaning 
whose nature is such that the act itself of 
knowing is a consequence of the theory; 
i.e., when an appearance appears to us as a 
-bearer of meaning, we will know why and 
to what formal facts to attribute it” 

What. „people have primarily reacted 
against in Thom’s writing is the highly dis- 
cursive style combined with the sharply- 
defined analytical tools of abstract mathe- 
matics. We are used to having mathematics 
applied to specific problems, leading to 
solutions. Thom applies it to perennial 
philosophical and scientific problems, 
leading to further questions. Clearly 
catastrophe theory works in physics, where 

singularity theory worked before, and it is 
clear how to apply it following that lead. 
_ This is the path of wisdom Arnold recom- 
~mends- and illustrates. No one has yet 
k shown how to apply catastrophe theory to 
the. general problems of morphogenesis, 
| 1 and the new physics in the style of 


























































ilit it is aed. it seems premature 
) it “nee - but no one should be in 

















































































cked upright dee postu re of the male 
Hed capercaillie. The drawing is repro- 





ed’ by the University of 
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A . Johnsgard’ s The Grouse of | 


| Nonequilibrium thermodynami oS, 
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EMBEDDED in Mr Elkington’ s chapters, o on 


fossil fuels and nuclear power as well as 


renewable energy sources, thereis a feast of 
fact, from a photovoltaic hat to the mass of 


firewood needed to dry a kilogram of | 


ginger. Like many ‘‘popular’’ energy 
books, this one tries to handle an aston- 
ishing range of topics by assembling 
anecdotes about all of them, larded with 
numbers and speckled with names. It is des- 
cribed as a ‘‘comprehensive survey on solar 
power and future energy”. 
efforts to follow the thread of argument 
through the labyrinth are repeatedly foiled: 

diverted into yet another garden of colour- 
ful trivialities, or distracted by dramatic 
writing in the ‘‘little-did-he-know-that”’ 
tradition. 

None of this prevents Mr Elkington 
from being informative. Nor, which is 
more important, does it hide his good sense 
— although it sometimes overshadows it. 
He begins by pointing out that technical 
feasibility is no substitute for — or index to 
— economic competitiveness. And he ends 
with a studiedly moderate estimate of the 
contribution renewable sources will make 
to world energy supply in any of our life- 
times. His assessment could only have been 
reinforced by more persistent attention to 


Walk in the gardens 


George Oster 








An Introduction to the Physical 
Chemistry of Biological Organization. 

By A.R. Peacocke. © 

Clarendon: 1983. Pp.302. £35, $65. 


FORMALISMS are seductive sirens, for they 


seem to unify so many disparate threads | 


and they promise deep insights using only 
mathematical manipulations. Of these 


seductresses, surely thermodynamics is the 


most alluring. One of its foremost 
practitioners, the late Aharon Katchalsky, 
once observed wryly that ‘‘it is such a 
marvelous tool: you don’t know what you 
put in, and you don’t understand what you 
get out. But you know it must be right!”’. 
In physics and chemistry, thermo- 
dynamics has performed as advertised; 
however, in biology it has yet to live up to 
its billing. By now, no one expects living 
systems to disobey the laws of thermo- 
dynamics, but these tenets are crude and 


vague constraints when applied to such- 


systems, and they provide very little insight 
into the operation of biological en itie 


But honest 





from whom he quotes: a ı habit of 


matching the forniér excesses. of 
apostles and inviting a similar fate. 


Mr Elkington himself gets th 
about right, by characterizing a Pee 
slightly optimistic a Worldwatch Institute _ 
projection that the renewable contribution 
to global energy supply will rise from _ 
16.5% in 1980 to 23.9% in 2000 — with _ 
three-quarters of the increase coming from = 
hydroelectricity, geothermal power and | 
fuelwood. He is no less right to insist that 
solar-based energy, exploited at reasonable 
cost and applied in appropriate ways, must 
make a larger contribution to human ~ 
welfare. Unfortunately, he barely touches. 
on the fundamental problems involved: the 
political and economic tension between = 
centralized renewable energy systems, 
using ‘‘high’* technology, and decentra 
lized networks, seeking social as well a 
technical simplicity; the need to choo 
between ecologically incompat: 
interests (as between nature conservati 
and biomass development); and 
ultimate dilemma of whether en 
should be converted to accomm 
society’s demands, or social prefere 
adapted to efficient energy conversio: 
a pity he did not sacrifice more | 
anecdotal scrapbook to exploring them 
For, through these thickets of lore, ther 
shine rays of a judicious realism. 



























lan Smart is an independent adviser ¢ on inter- n 
national energy policy affairs, based in London, . 





extending the venue of classical thermo- 
statics into the realm of dynamics, 
promised to deliver new understanding ale 
unifying concepts which could shed light 
on the mysteries of biological orga 
ization. But has it? Well, that is a matte: 
dispute, and reasonable scientists car 
disagree — although on this subject the i 
usually do so with righteous zeal. a 
Clearly, Professor Peacocke feels that — 
the sirens’ song is worth pursuing, for he — 
devotes the first half of his book to the- 
subject of “Thermodynamic Interpre- ` 
tations of Living Systems’’. This label is a 
bit misleading, for discussion of living- 
systems is rarely opened. Only in a few: 
pages of these chapters is any application to 
specific biological problems attempted, 
and these attempts consist largely of. 
recasting several biochemical models inthe. 
language of network thermodynamics. 
Beyond a certain notational and concep- 
tual simplification — not to be sneezed at, / 
to be sure — it is not clear that an} 
understanding emerges. | sl 
Chapter 1 commences. with a dise rsi 
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the hierarchical constraints which harness 
matter to perform coherent functions’’. 
Well, it is true that we would like to know 
how things work, but recasting the 
problem in social science lingo doesn’t 
enlighten me. Indeed, Professor Peacocke 
has collected together a virtual thesaurus of 
‘quotations which he employs to illustrate 
and entertain as he leads us in Chapters 2 
and 3 through the various formalisms of 
irreversible thermodynamics developed by 
the disciples of Prigogine and of 
Katchalsky. And an unusually clear tour it 
is, although somewhat sparse in mathe- 
matical detail. 

Part II of the book is entitled ‘‘Kinetic 
Interpretations of Living Systems’’. Here 
there is more contact with specific situ- 
ations, and less development of formalisms 
— perhaps because the subject matter is 
more inherently mathematical. However, 
the applications are more chemical than 
biological, and the author’s treatment 
barely ripples the surface of some quite 
deep mathematical waters. For example, in 
Chapter 4, “The Kinetics of Biological 
Organization’’, he describes various 

_ chemical schemes which, when combined 
\\ with diffusion, can produce spatial concen- 
,tration patterns. He mentions the best 
y. rk in this field, notably that of 
~ Meinhardt and Murray, but the treatment 
is mostly descriptive, albeit lucid. It seems 
to me that Professor Peacocke frequently 
opted for a philosophical digression rather 
than a detailed description of how to 
perform the calculations required to test 
whether a model can exhibit spatial 
instabilities. These recipes are admittedly 
complicated, but their absence points out 
the major problem with the book: it is too 
sketchy on detail to serve as a textbook, but 
too mathematical to provide biologists 
with an introduction to a number of active 
research areas in physical chemistry. 
However, I found the book easy and 
leasant reading and the wealth of refer- 
Y ences to be most useful. Chapter 5, which 
1 describes theories of macromolecular evo- 
lution, especially that of M. Eigen, is 
especially clear. The concluding chapter, 
“The Interpretation of Biological 
Complexity’’, is, like the introduction, a 
collection of philosophical quotations 
from various authors on how to best tackle 
the problems of biological organization. 

I am finally left with the feeling that I was 
glad to have read Professor Peacocke’s 
book; but I am not sure what the wider 
audience for it will be. Biologists will not 
find that the mathematics leads them to 
new experiments, and physical chemists 
will have to consult more detailed treat- 

‘ments to acquire the techniques; but both 
Aay find some agreeable perspectives from 
which to view their work. Perhaps the book 
should be read for what it is: a philoso- 

^` phical walk through the gardens that Pro- 
fessor Peacocke finds most beautiful. © 


George Oster is Professor of Biophysics at the 
University of California, Berkeley. 
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BOOK REVIEWS 
Poet in the field 
Richard Mabey 


The Natural History Prose Writing of 
John Clare. 

Edited by Margaret Grainger. 

Clarendon: 1984. Pp.397. £35, $67. 


THE STANDING Of the agricultural labourer- 
turned-poet, John Clare (1793-1864), as a 
nature writer has never been higher. Yet his 
reputation as a scientific naturalist has 
until now rested on his adding to the 
Northamptonshire lists 65 first county 
records for birds and more than 40 for 
plants. These figures are the more remark- 
able when you consider that they were 
worked out retrospectively from his 
poems, and are backed up by nothing more 
substantial than the absolute conviction his 
poetry carries of being based on personal 
experience. Poets might be inclined 
towards invention, but not, so Clare 
mythology insists, one who was also a 
peasant. 

Now, thanks to an impressive and 
sympathetically edited work of scholarship 
by Margaret Grainger, we have access to an 
apparently more objective record of 
Clare’s field observations. Mining the 
seemingly inexhaustible supply of old 
notebooks, letters, scribbled envelopes and 
book jackets in the Clare manuscript 
collection in Peterborough Museum, Ms 
Grainger has pieced together the bulk of his 
natural history prose written between 1820 
and 1850. Some is little more than random 
jottings, but there are also the first notes 
towards a planned Natural History of 
Helpstone (he had read Gilbert White) 
which he planned to call Biographys of 
Birds & Flowers. 

I said ‘‘apparently more objective” 
above because the first thing that strikes 
you about this collection is how adept this 
man, supposedly blessed or imprisoned by 
an ‘‘innocent eye’’, was at choosing how he 
wrote, and at moving between scientific 
and vernacular modes of classification and 
expression. In a detailed letter to the 
publisher Hessey about Elizabeth Dent’s 
Flora Domestica, for instance, he writes: 
Cardamine page 74 this is calld lilac with us as 
well as ‘ladysmock’ but I never heard it calld 
cuckoo in my life otherwise then [sic] by books 
— the wood anemone is also calld ‘lady smock’ 
by childern what the common people call 


‘cuckoo’ with us is one which is a species of the 
‘Orchis’. . . . 


This upstart and professional tone was not 
at all what his publishers wanted from their 
tame ploughboy, and it is no surprise that 
his proposed Natural History never came 
to fruition. 

But his working journal (kept between 
1824 and 1828) does survive, and is perhaps 
the most fascinating part of this book — 
not so much because of the accuracy and 
rapt attention of his descriptions, but 
because, just as in the poems, they are 
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worked without any change of perspective 
into accounts of his own feelings. The life 
of the fields and of Clare’s imagination are 
one and the same. He saw himself, 
crucially, as part of nature. On 10 
September 1824, he is feeling unwell, and 
records a sorrowful note on the swallows 
congregating in the walnut trees and 
chattering as *‘if they were telling their 
young stories of their long journey to cheer 
& check fears”. The next day he is writing 
an essay on ‘‘the sexual system of plants” 
for his Natural History, and reading a 
review of Goethe in the London Magazine. 
And in the journal’s appendix there is an 





Mansell Collection 


John Clare: part of nature. 


electric account of a meeting with a ‘‘willo 
whisp”’: 

it blazd out like a whisp of straw & made a 
crackling noise like straw burning which soon 
convinced me of its visit the luminous haloo that 
spread from it was of a mysterious terrific hue & 
the enlargd size & whiteness of my own hands 
frit me the rushes appeard to have grown up as 
large & tall as walebone whips & the bushes 
seemd to be climbing the sky... . 


These extracts are classic Clare, 
troubled, sensitive, highly literate despite 
the idiosyncratic grammar. Ms Grainger 
has done for the prose what John Barrell 
did some years ago for the poetry, demon- 
Strating that its style and perspective are as 
much a consequence of Clare being jerked 
‘tout of his knowledge” by self-education 
and the disorientating effects of enclosure, 
as of the depth of his local roots. And in so — 
doing her book raises questions about © 
whether there is any essential difference 
between ‘‘subjective’’ and ‘‘objective’’ 
knowledge, and for that matter between 
poetic and scientific description. Towards 
the end of the book is Clare’s list of the 
orchids he knew from Helpston parish (16 
species, remarkably). In the precise and 
affectionate detailing of the places in which 
each species grew — early marsh orchid 
was plentiful ‘‘on a spot called Parkers 
Moor near Peasfield-hedge & on 
Deadmoor near Sheef green . . . but these 
places are now all under plough’’ — it is 
both a haunting evocation of the inner 
geography of Clare’s experience, and the 
most exact account of locations that any 
historical botanist could demand. o 


Richard Mabey is a writer on countryside 

matters and landscape hist sry, and is currently 

working on a biography „f Gilbert White. 
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Theoretical Glaciology. 

By Kolumban Hutter. 

Reidel/MTP Press: 1983. Pp. 510. 
Dfl. 240, $104, £60.95. 


THE modern phase of glaciology opened in 
the late 1940s when a small contingent of 
physicists became interested in the motion 
of glaciers and ice sheets. Typical of 
physicists, they emphasized a research 
method which isolates characteristic parts 
of glacier behaviour to illuminate essential 
physical relationships, and they initiated a 
progressive growth in understanding that 
continues today. In the past few years a 
group with a strong applied mathematical 
bent has come upon the scene. These 
scientists like to state problems in their 
fullest. mathematical generality, 
simplifying them only to the extent needed 
to make a solution feasible. They bring a 
new analytical expertise to glaciology. 
Although the physical and the applied 
mathematical approaches are essential 
complements to one another, in the current 
- glaciological community there is some- 
thing of a communication gap between 
people who identify with one or the other. 
Kolumban Hutter is identified firmly with 
‘the applied mathematical viewpoint and 
through this book advocates it. However, 
“Hutter also recognizes the communication 
ap and tries to bridge it. He has succeeded 
‘in writing a unique and rich synthesis that 
will please any glaciologist who makes the 
effort to delve into it. 
-. In broad plan the book proceeds from a 
3 brief development of general concepts of 
‘continuum physics (Part I), to their appli- 
cation to. specific problems in the flow of 
. glaciers and ice sheets (Part H). Along the 
‘way there is a narrowing of complexity in 
the physics and a step-by-step broadening 
_of complexity in geometry and time depen- 
dence of boundary conditions. 

Part I (about one quarter of the book) 
covers balance laws for mass, momentum, 
-energy and entropy, the continuity (or 
< jump) conditions for these quantities at 
boundaries, and constraints on the form of 
constitutive relations. These principles 
= provide the rigorous framework for 

describing realistic mechanical and 
thermodynamic behaviour of both polar 
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redge and lan Tattersall. Publisher is 
mbia University Press, price is $10.95 {in 
rited States and elsewhere). For review see 
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ri man: Living and Growing with 
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” Part i deals wih ice ‘motion in me 
metries of increasing complexity, starting 
with a parallel-sided slab and progressing 


to three-dimensional problems, In 
addition, the problem of determining the 
geometry of the free upper surface under 
steady or time-varying climate is examined. 
While these topics have been considered in 
earlier books and review articles, Hutter’s 
development is dramatically different and 
more expansive. Although a number of 
mathematical techniques are employed, 
perturbation expansions are a recurring 


theme. These analyses impressively. 


demonstrate how far one can proceed with 
analytical methods, despite non-linearity 
of ice creep, a basal sliding law, and 
coupled mass and heat flow. 

In the second part in particular, Hutter 
writes with clarity and confidence. Each 
chapter is crafted to stand independently 
yet fit into the whole. The balance of text 
and equations enables a reader to follow 





Taxonomy of vision 
David J. Tolhurst 


Parallel Processing in the Visual System: 
The Classification of Retinal 
Ganglion Cells and its Impact on the 
Neurobiology of Vision. 

By Jonathan Stone. 

Plenum: 1983. Pp.438. $55, £42.35. 


THE mammalian retina contains several 
populations of ganglion cells. Each popu- 
lation extracts information about different 
aspects of the visual world and conveys that 


information differentially to the brain. The 


notion of parallel processing of visual in- 
formation has become so pervasive that 
anatomists, physiologists and psycho- 
physicists are increasingly tempted to ex- 
plain any observation in such terms. There 
is now a large mass of data which needs 
critical examination, partly to distinguish 
the real from the spurious and partly to 
resolve the many discrepancies. 

It is disappointing, therefore, that 
Jonathan Stone has not chosen to providea 
straightforward review of that published 
data. Rather, he uses the literature as a 
vehicle for expressing his views that the 
classification of ganglion cells is in itself the 
primary goal and that the central pro- 
cessing of visual information can be under- 
stood only in terms of parallel processing. 
There is no systematic description of the 
several populations of ganglion cell, and 
the references to the literature are often so 
cryptic that arguments cannot be followed 
unless the reader has a good knowledge of 
what has been written on the subject. It is 


unclear why some observations are dis- | 


cussed at length whilst others are ignored. 


the subject. 


Je: 


discussion. of parallel processing in | 


| converted 
The book, then, is not an introduction toj: — 





s first objectivei is to classify gang- io 


` the thread of the mathemat 
“ment without necessarily studying ! 


manipulative details. 

Theoretical Glaciology does not at 
to provide much information about frea! 
glaciers or ice sheets. It also does not cover 
the physics of glacier sliding or water, 
motion through glaciers, which are topics = 
of great importance and considerable __ 
research activity. By itself, then, it is not’ 
suitable as a text for a general course in = 
glaciology. However, for a graduate-level oe 





| theoretical course in glacier dynamics it is 


excellent, and any glaciologist working i ine 
glacier dynamics will find access to the 
book to be essential. Although it remains __ 
to be seen whether Theoretical Glaciology — 
will open a new era of gl ical - 

research, it will undoubted: 
standard for mathematical a 


flow. 














Charles F. Raymond is Professor of Geophysics: $ l : i 
at the University of Washington, Seattle. ae 


lion cells. He argues with some merit that 
the taxa should be based on an assessment: 
of the cells’ overall behaviour rather th 
on one ‘‘key”’ feature of behaviour. H 
ever, he does not explain how one shoulc 
classify a cell when individual aspects of its 
behaviour seem to conflict. The first climax 
of the book is the proposal that X and Y cel 
classes are not at the same taxonomic leve 
as the W cell class. Rather, Xand Ycellsare 
subclasses of a single XY class. The ques- 
tions of why there are two kinds of celland 
why their behaviour differs in particular 
ways is hardly considered. ee 
The notion of parallel processing has 
certainly had an impact on the neuro- 
biology of vision: there are many papers 
that mention it. However, Stone does not 
make clear how visual science would have. 
floundered without the invocation of X, ` 
and W cells. The central processing’ 
visual information is described very firmly 
from the contention that there must bey 
parallel processing of the information con- 
veyed by X, Y and W cells. Deviations from =- 
the theme are dismissed. For instance, thë = 
X/Y/W classification is orthogonal to 
Hubel and Wiesel’s classification of simple 
and complex cells in the visual cortex. 
Stone implies that the simple/complex 
classification must, therefore, be un- © 
satisfactory and concludes: ‘‘the question ~~ 
of the organization of the visual cortex to - 
process the activities of different groups of: 
ganglion cells is being successfully pursued 
without employing the ‘simple’ / ‘complex’ = 
distinction among cortical cells” ye oe 
Perhaps Stone’s use of quotation mark 
in describing simple and complex cells 
reveals the degree of objectivity | in hi 



































visual | system. This is a book for 4 





Biolo sical Sciences 


nes; Structure and Expression. Horizons in Bio- 
istry and. Biophysics, Vol.7. A.M. KROON, E. 
GLIARELLO and F. PALMIERI (eds). Wiley: 
Pp. 362. ISBN 0-471-90264-0. £24. 
Genetic Resources of Forage Piants, J.G. McIVOR 
nd R.A. BRAY (eds). CSIRO: 1983. Pp.340. ISBN 
-643-03462-5. $30. 
Genetics, Evolution, and Disease. 
O'ROURKE, G.M. 
Le _ JOHNSTON (eds). Alan R. Liss: 1983. Pp. 136. ISBN 
- PRBI: £22. 
-o Genetik. By F. KAUDEWITZ. Verlag Eugen Ulmer: 
1983. Pp.443. Pbk ISBN 3-8001-2451-3. DM 29.80. 





< Gerade und. Ungerade: Die Asymmetrie des Gehirns - 









































ind der Zeichensysteme. By V.V. IVANOV. S. Hirzel 
erlag: d 1, PbKISBN 3-77776-0375-9. DM 28. 
«By T.L. MAPLE and M.P., HOFF. 
Reinhold: 1983. Pp.290. ISBN 


Animal Radio-Tracking. By L.D. 
vof Minnesota Press: 1983. Pp. 107. 
166-1222- 6, pbk ISBN 0-8166-1221-8. 
K 325; pbk $9.95. 
‘Handbook of Experimental Pollination Biology. 
C.E. JONES and R.J. LITTLE (eds). Van Nostrand 
; Reinhold: 1983, Pp. 558. ISBN 0-442-24676-5, $46. 50. 
<: Handbook of Neurochemistry, 2nd Edn, Vol.5: 
Metabolic Turnover in the Nervous System. A. 
LAIJTHA (ed.). Plenum: 1983. Pp.495. ISBN 0-306- 
41323-X. $69.50. 
Hormonal! Proteins and Peptides, Vol. i1: Gonado- 
ic Hormones. C.H, LI (ed.}. Academic: 1983. 
188, ISBN 0-12-447211-7. $42. 
Hormonal Regulation of Testicular Descent. 
. Advances in Anatomy, Embryology and Cell Biology, 
Vol.81. By U.-F. HABENICHT and F. NEUMANN. 
. Springer-Verlag: 1983. Pp.55. Pbk ISBN 3-540- 
 12439-X/0-387-12439-X. DM 48, $19. 10. 
; Hormone Action, Part F: Protein Kinases. Methods 
in Enzymology, Vol.99. J.D, CORBIN and J.G. 
HARDMAN (eds). Academic; 1983. Pp.433. ISBN 
0-12-181999-X. $49. 
“The Hunting Animal. By F. RUSSELL. Harper & 
Row: 1983. Pp.211. ISBN 0-06-015 106-4. $13.95. 
_ Hybridomas and Cellular Immortality. B.H. TOM 
and J.P. ALLISON (eds). Plenum: 1983. Pp. 306. ISBN 
0-306-41467-8. $35. 
‘The Hypothalamo-Pituitary Control of the Ovary 
and the Factors which Interact with It, Vol.3. By J.S.M. 
HUTCHINSON. Eden Press: 1983. Pp.231. ISBN 
00-8883 1-118-4, £33.25. 
Inorganic Plant Nutrition. By H.G. GAUCH. 
7933-003-1. 349.50. 
Intestinal Transport: Fundamental and Comparative 
spects. M. GILLES-BALLLIEN and R. GILL ES 
eds). Springer-Verlag: 1983. Pp.375. ISBN 3-540- 
12430-6/0-387-12430-6. DM 98, $38.90. 
An Introduction to the Physical Chemistry of Bio- 
logical Organization. By A.R. PEACOCKE. Oxford 
University Press: 1983. Pp.302. ISBN 0-19-85 5359-5, 
Pee £35, 
A “A Key to the Adults of the British Ephemeroptera 
with Notes on Their Ecology. 1.M. ELLIOTT and 
UGH. HUMPESCH. Freshwater Biological Associ- 
ation: 1983. Pp. 101, Pbk ISBN 0-900386-45-2. £4.50. 
Key Papers on Fish Populations. D.H. CUSHING 


heh: BIE SOQ, = 

E, ‘Languages in Primates: Perspectives and impli- 
cations. ‘Springer Series in Language and Communi- 

cation, Vol.11. J. DE LUCE and H.T. WILDER (eds). 

Springer-Verlag: 1983. Pp.198. Hbk ISBN 0-387- 

























0-90799-8. Hbk DM 64, $25.40; pbk np: 


ichinson Ross: 1983. Pp. 350: ISBN 0-87933-348-0. 










; e = Photosynthesis in. Aquatic Ecosystems. By 
E 9, KIRK. ne rere Press: 1983. 


PETERSEN and F.E. 


Jowden, Hutchinson & Ross: 1982. Pp.488. ISBN | 


-© (ed); IRL: 1983. Pp.405. Pbk ISBN 0-904147-58-4. 


90798-X /3-540-90798-X; pbk ISBN 0-387-90799-8/ | 


rning in Animals, R.W, HENDERSEN (ed.). | 


Marine Ecology: A Comprehensive, Integrated 
Treatise on Life in Oceans and Coastal Waters, Vol.5, 
Part 2. O. KINNE (ed.). Wiley: 1983. Pp.643-1090. 
ISBN 0-471-90159-8. £45, $85. 

Membranebiochemie. By H. SANDERMANN. 
Springer-Verlag: 1983. Pp.131. Pbk ISBN 3-340- 
12594-9/0-387-12594-9. DM 44, $17.10. 

The Merck Index: An Encyclopedia of Chemicals, 


‘Drugs and Biologicals, 10th Edn. M. WINDHOLZ | 
{ed.). Merck: 1983. Pp.1,463 + appendix. ISBN — 

911910-27-1. Np. 

Metal lons in Biological Systems, Vol.16: Methods 
Involving Metal lons and Complexes in Clinical 


Chemistry. H. SIGEL (ed.). Marcel Dekker: 1983. 
Pp.432, ISBN 0-824 7-7038-2. SwFr. 203. 
Molecular Basis of Thyroid Hormone Action. J.H. 


OPPENHEIMER and H.H. SAMUELS (eds). 


Academic: 1983. Pp.498. ISBN 0-12-527560-9. $58, 
Molecular Biology of Polyomaviruses and Herpes- 


viruses. By B.V. PERBAL, H.K. LINKE and G.C. 


FAREED. Wiley: 1983. Pp.247. ISBN 0-471-05058+X. 
£40.60, $56.95. 

The Mollusca, Vol.3: Development. N.H. 
VERDONK, J.A.M. VAN DEN BIGGELAAR and 
A.S. TOMPA (eds). Academic: 1983. Fp.352. ISBN 
0-12-75 1403-1, $39.50. 

The Mollusca, Vol.4: Physiology, Part 1. A.S.M, 
SALEUDDIN and K.M. WILBUR {eds}. Academic: 
1983. Pp.$23. ISBN 0-12-75 1404-X. 365. 

Muscle and Nonmuscle Motility, Vol.l. A. 
STRACHER (ed.). Academic: 1983. Pp.372. ISBN 
0-12-673001-6. $45, 

Muscle and Nonmuscle Motility, Vol.2. A. 
STRACHER (ed.), Academic: 1983. Pp.21l. ISBN 
0-12-673002-4, $34.50. 

Neurobiology of the Hippocampus. W. SEIFERT 
{ed.). Academic: 1983. Pp.676. ISBN 0-12-634880-4. 
£40, $69.50. 

Neurobiology of the Trace Elements, Vol.1: Trace 
Element Neurobiology and Deficiencies. LE. 
DREOSTI and R.M. SMITH (eds). Humana: 1983. 
Pp.374. ISBN 0-89603-046-6. $49.50 (US), 359.50 
{elsewhere}. 

Neurobiology of the Trace Elements, Vol.2: Neuro- 
toxicology and Neuropharmacology. 1.E. DREOSTI 
and R.M. SMITH (eds). Humana: 1983. Pp.320. ISBN 
0-89603-047-4. $49.50 (US), $59.50 (elsewhere). 

Normal and Abnormal Epidermal Differentiation. 
Current Problems in Dermatology, Vol HL. M, SEIH 
and LA. BERNSTEIN (eds). Karger: 1983. Pp. 346. 
Pbk ISBN 3-8055-3752-2. SwFr. 166, DM 199, $99.50. 

Numerical Taxonomy. NATO ASI Series, Volt. J. 
FELSENSTEIN (ed.). Springer-Verlag: 1983. Pp.644. 
ISBN 3-540-12293-1/0-387-12293-1. DM 149, $57.90. 

Olfactory Imprinting and Homing in Salmon: 
Investigations into the Mechanism of the Imprinting 


Process, Zoophysiology, Vol.14. By A.D. HASLER - 


and A.T, SCHOLZ. Springer-Verlag: 1983. Pp. 134. 
ISBN 3-540-12519-1/0-387-12519-1. DM 69, 326.80. 





Applied Biological Sciences 


Advances in Applied Biology, Vol.8. T.H. COAKER 
(ed.). Academic: 1983. Pp.24, ISBN 0-12-040908-9. 
£29.50, $49, 50. 

Advances in Epileptology: The 4th Epilepsy Inter- 
national Symposium. M, PARSONAGE et al. (eds). 
Raven: 1983. Pp.342. ISBN 0-89004-943-2, 353.50. 

Advances in Potato Pest Management. J.H. 
LASHOMB and R. CASAGRANDE (eds). 
Hutchinson Ross: 1982. Pp. 288. ISBN 0-87933-407-X. 
$22. 

Advances in Veterinary Science and Comparative 
Medicine, Vol.27. C.E. CHORNELIUS and C.F. 


SIMPSON (eds). Academic: 1983. Pp.519. ISBN 


0-12-039227-5, $58. 

Anorexia Nervosa: Recent Developments in 
Research. Neurology and Neurobiology, Vol.3. P.L. 
DARBY et al. (eds). Alan R. Liss: 1983. Pp.472. ISBN 
0-845 1-2702-0. £73. 

Radioprotectors and Anticarcinogens. O.F. 
NYGAARD and M.G. SIMIC (eds). Academic: 1983. 
Pp.773. ISBN 0-12-523360-4. $49.50. 

Recent vano in Bo a ow ‘Transplantation. 









Respiratory Infections: Diagnosis ana vaeni oe 
J.E. PENNINGTON (ed en: 1983. Pp. 518. ISBN ae 
0-89004-926-2. $48.5 

The Scientific Pri 












"i Protection, nh - 


Karger: 1983. Pps k 
DM 588, $293.50. . 





POTTS and P. DIGGORY. ‘Cambridge ‘University. oe 
Press: 1983. Pp.467. Hbk ISBN 0-521-24934-1; pbk- 
ISBN 0-521-27085-5. Hbk £30, $59.50; pbk £12.50, E 
$24, 95. poet 
Thirteenth International Cancer Congress, Parts ee 
A-E. Proceedings of the 13th International Meeting ee 
held September 1982, Seattle, E.A. MIRAND,. i 
HUTCHINSON and E. MIHICH (eds). Ak R 
1983. Set ISBN 0-8451-0132-3. Pt A, Curren 
tives in Cancer, pp.228, £26; Pt B, Biology 
Vol.1. pp.462, £47; Pt C, Biology of Can 
pp.504, £50; Pt D, Research and Treatm 
£55; Pt E, Cancer Management, ‘pp. $33 
Toxic Hazards in Food. By D. M. 














ISBN 0- 7099-0253-0. £22. 50. 
Laat ol in the nee Misuse and Ab 


127, $30. 50. pa 

Tropical Rain Forest: Ecology. ad Managemen 
Special Publication no. 2 of the British _ Beolog 
Society. S.L. SUTTON, T.C. WHITMORE and 
CHADWICK (eds). Blackwell Scientific: 1983. Pp 498 
ISBN 0-632-01142-4. £28.50. | 

Viral Hepatitis: Standardization in Immunoprophi - 
laxis of Infections by Hepatitis Virus. Developments: 
Biological Standardization, Vol.$4. Karger: 1983. 
Pp.590. Pbk ISBN 3-8055-3826-X. SwFr. 135, DM. 162, 
$81. 

Zine Deficiency in Human Subjects. A.S. PRASAD ue 
et al. (eds). Alan R. Liss: 1983. Pp.284. ISBN 0-8451- =; 
0129-3. £28, 








Psychology 


A Clinical Pharmacology in Psychiatry: Bridging the. , 
Experimental-Therapeutic Gap. L.F. GRAM et ‘al. 
{eds}. Macmillan Press, London: 1983. Pp. 413. ISB 
0-333-34724-2. £62. 

Cognitive Therapy with Couples and Groups. 
FREEMAN (ed.). Plenum: 14983. Pp. a: ISB. 
0-306-4 1 149-0. $35. 

Freud and Modern Psychology; Vol. 2: The 
Emotional Basis of Human Behavior. By H.B. LEWIS. oe 
Plenum: 1983. Pp.237. ISBN 0-306-4132-9. $25. 

Hearing — Physiological Bases and Piychophisics. 
Proceedings of the 6th. International. Symposium held. 
April 1983, Germany. R. KLINKE and R | 
HARTMANN (eds). Springer-Verlag: 1983. Pp.388. eee 
ISBN 3-540-12618-X /0-387-12618-X. DM 68, G27 es 

New Directions in Tardive Dyskinesia: Research. 
Modern Problems of Pharmacopsychiatry, Voli do 
BANNET and R.H, BELMAKER (eds): Karger: 1983. 
Pp.222. ISBN 3-8035-3735-2. SwFr. 126, DM 151, 
$75, 50. ae 
Psychosomatic Medicine: Theoretical, Clinical and . 
Transcultural Aspects. A.J. KRAKOWSKI and C.P.: 
KIMBALL (eds). Plenum: 1983. Pp. 830. ISB? 
0-306-41279-9. $95, ee 

Social and Personality Development: tütar 
through Adolescence. By W, DAMON. W.W. 
1983. Pp.392. Hbk ISBN 0-393-01 742-7; P 
0-393-95248-7. Hbk np; pbk £11.50. 

Social Skills Assessment and Training wit 
An Empirically based Handbook. By L. MI 
etal. Plenum: 1983. Pp.268. ISBN 0-306- 

Speech and Situation: A Psychological 
of Situated Speaking. By T. HERRMANI 
Verlag: 1983. Pp. 185. ISBN. 3 

































-Basti Dwellers and Bureaucrats: Lessons in 
guatter Settlement Upgrading in Karachi. LW. 
HOR}, 1J: VAN DER LINDEN and K.S. YAP 
feds). Pergamon: 1983. Pp.305. Hbk ISBN 0-08- 
O2 7971-6, pbk ISBN 0-08-030229-7, Hbk np; pbk £9. 50, 
SE. 

The Expanding Circle: Ethics and Sociobiology. By 
P. SINGER. Oxford University Press: 1983. Pp. 189. 
Pbk ISBN 0-19-283038-4. £3.95. 

Social Science Research and C timate Change: An 
interdisciplinary Appraisal. R.S. CHEN, E. 
BOULDING and S.H, SCHNEIDER (eds). Reidel: 
1983. Pp.255. ISBN 90-277-1490-8. Dfi 100, $43.50. 





























History of Science 


Eddington: The Most Distinguished Astrophysicist 
of his Time. By 8. CHANDRASEKHAR. Cambridge 
University Press: 1983, Pp.64. ISBN 0-521-25746-8. 
£7.50, $12.50. 

History and Philosophy of Science: Selected Papers. 
Annals of the New York Academy of Sciences, Vol.412. 
J.W. DAUBEN and VS. SEXTON (eds). New York 
Academy of Sciences: 1983. Pp. 168. Hbk ISBN 
0-89760-217-2; pbk ISBN 0-89766-218-0. Hbk np, pbk 

$33. 

The Philosophical Naturalists: Themes in Early 
Nineteenth-Century British Biology. By P.F. 
REHBOCK. University of Wisconsin Press: 1983, 
Pp.281. ISBN 0-299-09430-8. $30. 

The Remarkable Reverend Clarke: The Life and 
Times of the Father of Australian Geology. By E. 

> GRAINGER. Oxford University Press: 1983. Pp.292. 

-ISBN 0-19-554365-3, £27, 







































q Anthropology 


Bison Kills and Bone Counts: Decision Making by 
Ancient Hunters. By J.D. SPETH. University of 
-~ Chicago Press: 1983. Pp.227. Hbk ISBN 
| 0-226-76948-8; pbk ISBN 0-226-76949-5. £16. 

Excavations at Nichoria in Southwest Greece, Vol. 3: 
Dark Age and Byzantine Occupation. W.A. 
McDONALD et al. (eds). University of Minnesota 
` Press: 1983. Pp.527. ISBN 0-8166-1 140-0. 349,50. 
Prehistoric Times. Readings from Scientific 
- Amerikan. Introduction by B.M. FAGAN. W.H. 
. Freeman: 1983. Pp.262. Hbk ISBN 0-7167-1490-6; pbk 
: ASBN 0-7167- MOTA, Hbk ate: 50; £10.95, 





: General 


About the Top. na a eee By G.N. SINGH and 
D. SINGH. India: 1983. 








Acoustic | Emission. LR. “MATTHEWS (ed.). 
“Gordon & Breach: 1983. Pp. 167. Pbk ISBN 
0-677-16490-4. $39. so 

- Advances in Materials Characterization. Materials 
_ Science Research, Vol iS. D.R, ROSSINGTON, R.A. 
 CONDRATE and R.L. SNYDER (eds). Plenum: 1983. 
: Pp. 680. ISBN 0-306-41347-7. $89.50. 

‘Agricultural: Soil Mechanics.. Advanced Series in 
"Agricultural Sciences, Vol:13. By A.J. KOOLEN and 
oH. KUIPERS: Springer-Verlag: 1983. Pp.241. ISBN 
_$-540-12257-5/0-387-12257-5.. DM 128, 350.90. 
Amazonia: Agriculture and Land Use Research. S.B. 
» HECHT (ed.). Centro Internacional de Agricultura 
-= Tropical, Columbia: “1982. Pp.428. Pbk ISBN 84- 
-89206-13-9. Np. 

pplications de la Télédétection a lAgro- 
vrologie Opérationnelle dans les Pays Semi- 
ides. European Space Agency: 1983. Pp.70. Pbk FF 




































e Archaeology of Beekeeping. By E CRANE, 
worth: 1983. Pp. 360. ISBN 0-7156-1681-1. £25, - 
tomatic Natural Language Parsing. K.S. JONES. 


8 . ISBN 0-85312-621-6/0-470-27460-3, £19.50, 










ei Memoirs ‘of Fellows of The Royal 
29. The. Royal Doce y: 1983. rps 676. 
127 Np ee | 








Organic Species. D. RONDIA, M. COO! 
WILKS {eds}. Ellis Horwood/Haisted: 1983.. 


€ anepi : | Development and the Development. T 
Word Meaning. Springer Series in Language ando 
SEILER and W, p 
1983. | 
Pp.348. ISBN 3-540-12251-6/0-387-12251-6, DM 34, 


Communication, Vol12. TH. B 
WANNENMACHER feds). Springer-Verlag: 








$21.50, 
Conceptual Structures: Intormation Processing in 

Mind and Machine. By J.E. SOWA. Addison-Wesley: 

1984. Pp.481. ISBN 0-201-14472-7. £15.95. 
Cost-Benefit, Analysis, Ind Edn. By 


Hbk ISBN 0-333-36400-7; pbk ISBN 0-333-35281-5. 
Hbk £12.95; pbk £3.95, 


Pata for Science and Technology. P'S. GLAESER | 


(ed.). Elsevier Biomedical/North-Holland: 1983, 
Pp. 350. ISBN 0-444-86668-X. Dil. 125, $49. 

A Desert Country Near the Sea: A Natural History of 
the Cape Region of Baja California. By A. ZWINGER. 
Harper & Row: 1983. Pp.399. ISBN 0-06-015208-7. 
$24.95. 

Doomsday: 
OPENSHAW, P. STEADMAN and ©. 
Basil Blackwell: 1983. 
0-63 1-13393-3; pbk ISBN 0-631-13394-1. Hbk £15, 50. 
pbk £4.98, 

The Drag User: Personality issues, 
Theories, By 5. EINSTEIN. Plenum: 
ISBN 0-306-40913-5, $75. 

Electric Power System Dynamics. By Y-N. YU. 
Academic: 1983. Pp.255. ISBN 0-12-774820-2. 336.30. 

kguilibria, Nonequilibria and Natural Waters, 
Volt. By R.M. PYTKOWICZ. Wiley: 1983. Pp.337. 
ISBN 0-471-86192-8. £40.95, $57.45. 

Equilibria, Noneguilibria, and Natural Waters, 
Vol2. By K.M. PYTKOWICZ. Wiley: 1983. Pp.353. 
ISBN 0-471-89111-8. £40.95, 337.45. 

Ferrites for Indectors and Transformers. By EC. 
SNELLING and A.D. GILES. Pergamon: 1983. 
Pp. 167. ISBN 0-86380-003-3/0-471-90208-X, £21.95, 
$37.90. 

Government and Research: The Rothschild Experi- 
ment in a Government Department. By M. KOGAN 
and M. HENKEL. Heinemann Educational: 1983. 
Pn. 196. ISBN 0-435-82508-9. £18.50. 

The Great Mental Calculators: The Paychology. 
Methods and Lives of Calculating Prodigies, Past and 
Present. By S.B. SMITH. Columbia University Press: 
1983. Pp.374. ISBN 0-231-05640-0. $39. 

A Guide to Simulation. By P. BRATLEY, B.L. FOX 
and L.E. SCHRAGE., Springer-Verlag: 1983. Pp. 383. 
ISBN 0-387-90820-X /3-540-90820-X. DM 72, $28. 

Imagery, Vol.3: Theoretical and Clinical Appli- 
cations, J.E. SHORR ef af. (eds). Plenum: 1983. 
Pp.435. ISBN 0-306-41464-3. 342.50. 

The Independent Nuclear State: The United States, 
Britain and the Military Atom. By J. SIMPSON, 
Macmillan Press, London: 
0-333-23830-3. £25. 

An Introduction to APL. By 5. POMMIER. 

‘ambridge University Press: 1983. Pp. 136. Hbk ISBN 
0-521-24977-5; pbk ISBN 0-521-27109-6. Hbk £15, 
$29.95; pbk £6.50, $11.95. 

lon-Selective Electrodes, 2nd Edn, By J. KORYTA 
and K. STULIK. Cambridge University Press: (983. 
Pp.217. ISBN 0-521-23873-0. £25, $49.50. 

Logical and Combinatorial Algorithms for Drug 
Design. By V.E. 
ROZENBLIT. Research Studies Press/Wiley: 1983. 
Pp.289. ISBN 0-86380-006-8/0-471-90266-7. £34, 
$57.75. 


Britain after Nuclear Attack. By 5. 
GREENE. 


Factors and 
1983, Pp 208. 


Medical Care, Morbidity and Costs: Graphic Presen- | 
tations of Health Statistics. By A. MIZRAHI, A. j 






MIZRAHI and 5. SANDIER. Pergamon: 
Pp.i90. Hbk ISBN 0-08-03 1295-0; pbk ISB? 
027082-4. Hbk £23, $35; pbk np. T 
Mixed Memoirs, By G.C. THOMPSO 
Press: 1983. Pp.346. ISBN 0-9506104-2 
Mobile Source Emissions Inctudin 


HARGOZ {eds}. Reidel: 
90-277-1633-1, Df! 130. : 

A New Approach to Scientific Consain |; 
KULISCH and W.L. MIRANKER (eds), Acade 
1983, Pp.384. ISBN 0-12-428660: 7 S i - 
New erin on Our Lives with: 


1983.. Pp. 487, 


01 94-5. £9.95. 











m nogonic., Theory. 


D.W. go: 
PEARCE. Macmillan Press, London: 1983. Pp iiz | ` 


Pp.296. Hbk ISBN 


1983. Pp.340. ISBN 


GOLENDER and A.B. } 


1984 and After: oe ect ot the bh tures 
ON. CALDER. Century: 1983. Pp.207 ISBN 17 


Fhe Origins of Israel and Mankind: we PRY 
By B, STANNARD. Carib: 
Pp. 896. ISBN O-93S0894 7-0-2. 233. 

Patiern Recognition Approach to Data Aaterpre , 
ation, By D.D: WOLFF and M.L. PARSONS. Plenum: 
1983. oe ISBN O10010- 7. 529. 30. 




















7291. ISBN 0.691-09401-2. £21.60, £8. 65. eS 
masks, Scales and Gratings, By D.b. HORNE) O 
Adan Hilger: 1983, Pp. 200. ISBN O-85274-482-X 495.00. 
Photomorphogenesis, Voi. 16 Parts A and B. By Wen 
SHROPSHIRE Jr and H. MOHR, Springer-Verlag: E 
1983. Pp.832. ISBN 3-540-12143-970-387-1 2143-9; D f ca 
338, $131.20. ug, 
Piaget: Critique and Reassessment. By Ù, ¢ t SHEN. seg 
Croom Helm: 1983. Pp. 163. Hbk ISBN 0-7099-0778-8, i. aS 
pbk ISBN 0-7099-0783-4. Hbk £13.95; pbk: £6.98, - 
Plasma Separation and Plasma Fractionation: 
Current Status and Future Directions. Md: 
LYSAGHT and H.J. GURLAND (eds). Karger: 7983 
Pp.340. ISBN 3-8055-3822-7. Swkr.134, DM 160, 
$80.25. i 
Principles of Energetics, By K.S. SPIEGLEK, 
Springer-Verlag: 1983. Pp. 168. ISBN 3-540-12441- ti 
0-387-22441-1, DM 68, $26.40. 
Priorities in Research. Proceedings of the dh 
Symposium held May 1982, Tannus: Sir JOHN 
KENDREW and J.H. SHELLEY (eds). Elsevier Bi 
medicali North-Holland: 1983. Pp h 
O-444-90333-X. $34, DL 140. i 
Prosody: Models and Measurements. Sprir 
in Language and Communication, Vol. a ce 
CUTLER and DLR. L ADD teds}. Springer-Veriax. 
1983. Pp. 159. ISBN 3-S40- 12428-4 40-38 7-12 2428-4, DM 
55, $21.90. i 
The Psychology of Computer Use. T.R G. GREE! 
S.J. PAYNE and G.C. VAN DER VEER (cd: 
Academic: 1983. Pp.225. ISBN 0-12-297420-4: £i 
$19.50. l 
Reflections on the Universities and the National ba 
Health Service. By Sir FRED DAINTON. The Nuffield 




































Provincial Hospitals Trust: 1983. Pp.i65. ISBN 
0-9008 741-0. £7, 30. a 
Relexions d'un Physicien. By A. ABRAGAM. © 


Hermann, Paris; 
2-7056-5960-9. FF 38. 
Science of Hard Materials. R.K. VISW ANADHAM, 
D.J. ROWCLIFFE and J, GURLAND (eds). Plenum: 
1983. Pp. i Q11. ISBN 0-306-4 11008. $135. | 
Science and the Making of the Modern World. By 3, 
MARKS. Heinemann Educational: 1983. Pp. 507. Hbk 
ISBN 0-435-54780-1; pbk ISBN 0-433-54781-X. 3 
£19.50; pbk £9.50. É 
The Sun is Feminine: A Study of Language Nia 
sition in Bilingual Children. Springer Series. ir 
Language and Communication, Vol.13. By T. 
TAESCHNER. Springer-Verlag: 1983. Pp. 246. ASB. 
3-540- 12238-9/0-387-12238-9. DM 125, $49. 70. 
Technology and Employment in the Electr onies 
Industry. By L. SOETE and G. DOSI. Frances Pinter: 
1983. Pp.90. Pbk ISBN 0-86187-3 78-4. £35. | eee 
The Theory of Symmetrical Energy Structures (SES) on 
in a Megadimensional Cosmology (MDC), Alpha 
Omega Research Foundations: 1983, Pp.226. ISBN’ ai 
0-910122-67-9. Np. Be 
Time Warps, String Edits, and Macromolecules: The, ? 


1983. Pp.152. Pbk ISBN p 
















Theory and Practice of Sequence Comparison, Dv oe 
o a and J.B. KRUSKAL 
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Subscribe now—and save! | 
Become a personal subscriber now and 
oye. you will receive a discount of — 
‘>, over 50% off the full rate. 
All 51 weekly issues 
willbe delivered tothe. 
address of your choice. You can- 
| start your annual subscription 
' with any issue you choose. And — 
you will receive six bi-month BV he 
author indexes, together withthe — _ 
annual index of subject and author 
All this for just $2.12 a week. 
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‘New research results, the very latest international science 

“news, key papers by the world’s leading scientists and 
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~~ Butif you’re tied in toa circulation list at geny 

work, all this vital weekly information will qA 

indoubtedly reach you late, often incomplete 

and sometimes not at all. 

= With your own personal copy, you solve 

-the problem. Every week you'll have all the 

Jatest research results and science news in your 

hands within days of publication: 

News reports from throughout the world of 
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Full modularity MICROLINK is a fully modular laboratory 
interface designed and constructed to the highest professional 
standards. MICROLINK uses the IEEE-488 bus, the only real 
choice for instrumentation systems. 

Superlative specification An unsurpassed range of 

30 modules including analogue and digital inputs/outputs, 
timers, counters, RS-232 and thermocouple inputs, allows you to 
connect almost any instrument to your computer. Data transfer 
rates of upto 50 Kbytes per sec. are achievable and upto 256 
analogue inputs can be accepted. 









Full software support Programming manuals are available for _ 
most Computers with IEEE-488 facilities. Sample programs are 
provided in BASIC so that you can get your measurement/ 
control system running with minimum delay. 

Universal application MICROLINK has been used in 
environments as varied as North Sea oil production platforms and 
hospital neurological units, in applications such as: 

data logging, experimental monitoring and control, 
environmental monitoring, automatic test and high speed data 
acquisition. yee 








USE MICROLINK = 


commodore 















Contact us with details of your application 
and we will be pleased to help. Sales literature from: 


Biodata Ltd., 6 Lower Ormond Street, 
Manchester MI SOF, U.K. Tel 061-236 1283 
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Scientists 


The Road to Liberation 


Edited by Derek Richter 
Institute of Neurology, University of London 


April 1982 £10.00 313pp ISBN 0 333 32468 4 
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Anyone should find these glimpses of lives 4 Pen 
in other cultures intriguing.” i Tsunc-HungG eee 









a h 





“Enlightening for any aspiring scientist 
who thinks a scientific career is a logical 
progression from research post to lectureship 


: $9 
to ehair. Georgina Ferry, New Scientist 








ee 


‘THE SUBJECTS COVERED ARE VERY BROAD, THE 
GOALS WERE AMBITIOUS; THE RESULT 15 REMARKABLE." 
J.F. MINSTER: GEOCHIMICA ET COSMOCHIMICA ACTA, 


ieee 
“THIS 18 AN UNUSUAL AND REMARKABLE BOOK, 
MARINE GEOCHEMISTS NEED READ NO FURTHER - 
JUST BUY IT." N.J. SHACKELTON: QUATERNARY 
NEWSLETTER. a 










This book draws together the personal and intellectual 
biographies of eleven women biomedical scientists. 
The individual stories are informative, fascinating, and 
sometimes moving, and cover cultures as diverse as 
those of India, Iran, USA and the USSR. 
















Please send orders or requests for 
E further information to Felicity Parker, 
_ Product Manager, Scientific and Medical Division, 

__ Macmillan Press Ltd., Houndmills, 
_ Basingstoke, Hampshire RG21 2X5, UK. 
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“home” when your mpi goes : 


: “@ The Accuspec ‘‘second generation’ ce 
compact gas chromatograph measures | 
only 12144" x122” x 1512” high yet offers | 


-research-grade performance and a ‘full 
-range of features. The full dual column 
oven provides a choice of three capillary 
systems or '4” packed column facilities. 
< Automatic cooldown is standard with the 
temperature programmer. Dual FID, 


icro-TCD and specific detectors are- 


Vy 

Circle No. l 40 on Reader Service Card. 
The Laser Analytics Division of 

Spectra-Physics Inc. has developed a 
eaved-coupled-cavity Pb-salt diode laser 

that operates single mode over limited 


current and temperature ranges. The new 


device consists of two coupled cavity 
actions: the front section performs as an 
emitting laser and the rear section as a 
modulator. By varying the modulator 
current, it is possible to tune the emission 
rom the front section thereby obtaining 
dditional precise control of the laser 
mission characteristics. 
irele No. 141 on Reader Service Card. 
@ Perkin-Elmer’s LC-15B is a new, low- 
ost, fixed wavelength UV detector for 
liquid chromatography. At the standard 
254-nm wavelength, the maximum noise 
+1 x 10°absorbancy units while drift is 
ess than 2 x 10“ absorbance units. Range 
settings down to around 0.0001 AUFS are 
= included, with response times of 0.2, 0.5 
d 1.0. Other features of the LC-15B 
lude a push-button event mark, large 
ligital readout and wide zero baseline 
adjustment range. 

Circle No. 142 on Reader Service Card. 
--@A high sensitivity auto-ranging 
“electrostatic ‘fieldmeter’ has recently 
been developed by John Chubb 
> Instrumentation of Cheltenham. The JCL 

“101 gives stable measurement of electric 

` fields in the vicinity of ‘static’ charges on 
`; insulating or conducting surfaces. 

Circle No. 143 on Reader Service Card. 

@ Agarose IEF is a highly purified agarose 
optimized for isoelectric focusing by 
_ charge balancing. Gradient drift is reduced 

to a minimum to give high resolution, 
stable DH gradients and efficient isoelectric 

sing, i AEREAS IEF is produced by 


TOR are based on information 


_ form 50 RIP-PAGE assays. 
-Circle No. 148 on. Reader Service Card. 


Ulex europaeus agglutinin | (UEA I), a a 
plant lectin recently claimed to be superior 
to antibody to factor VIH as an endothelial - 


cell marker, is available from Vector 
Laboratories. UEA I has been shown to 
identify vascular endothelia in kidney, 
liver, pancreas, lung, skin, brain, placenta, 


umbilical cord and cultured cells as well as | 


various tumours of endothelial origin. 
Unlike anti-factor VII antibodies, UEA I 
can be used equally well on snap frozen or 
paraffin embedded tissues. Several detec- 
tion systems are available including fluore- 


scein or rhodamine conjugates for fluore- | _ 


scent microscopy, and affinity purified 
antibodies to UEA I or biotin-labelled 
UEA I for biotin/avidin-based histo- 
chemical techniques. 

Circle No. 145 on Reader Service Card. 

@ The Thermex interface from Columbus 
Instruments converts an Apple H Plus or 
Apple He computer into an automatic 
printing 16-channel thermometer. As 
sensor, it utilizes J, K or T thermocouples. 
Resolution in the biological temperature 
range is0.1°C. In other temperature ranges 
accuracy of 0.2% full-scale is achieved by 
individually calibrated thermocouples. A 
special calibration program is available to 
allow the user to calibrate and linearize 
thermocouple probes in any desired range. 
Thermex has built in cold junction 
compensation. Biological probes are 
available for rectal, intravenous and 
implantable applications for use in 
animals. A video monitor displays current 
temperatures in all channels. 

Circle No. 146 on Reader Service Card. 

@ Anultra-stable stirrer speed in the range 
0-1,250 r.p.m. is possible with the ADI 
1012 stirrer control unit. Manufactured by 
Applikon B.V., the controller is specially 
suited for use in fermentation vessels. With 
the aid of the ADI 1012’s remote speed 
control input, stirrer speed can be 
regulated automatically with respect to the 
culture’s oxygen content. 

Circle No. 147 on Reader Service Card. 

è Antibodies for the detection of 
oncogene protein products and related 


antigens — such as the epidermal growth | 
factor receptor — are now available from — 
Oncor. The antibodies are intended for use | 


in immunofluorescence, immunoprecipi- 


tation and enzyme-linked assays. The 


range consists of: ABrnyc.1, ABras.1, 
ABsrc.1 and AB EGF-R.1. Each antibody 
is supplied with sufficient product to pet- 


The Omega laboratory l monitor 
Spectra-Physics new laser 


@Constant process moo is ; possible 
with the new Omega LM-1000 laboratory 
monitor with voice simulator. It monitorsa 


ditions via a standard telephone jack. The 
LM1000 will monitor conditions such as: 
room air temperature or ambient sour 
levels — the LM-1000 can detect a proce 
deviation alarm or presence of excess noi 
due to vibration. Alert conditions can be 
checked, for example: limit switch status 
on computer controlled machinery; status 
of valve actuated switches; pressure limit 


switches; and operation of solid state _ 
switching devices with control machinery. a 
The LM-1000 automatically reacts to 
deviations from set conditions by phoning, — 


in sequence, up to four pre-programmed. | 
numbers until the message is received. = 
Circle No. 149 on Reader Service Card. 
© A new range of safety coated glass _ 


carboys in sizes up to 12 gallons is available __ 
from Wheaton Safety Co. The ‘second — 
skin’ glass carboys are coated with an | 


impact resistant, high tear thermoplastic —_ — 
transparent, translucent or opaque — : 
providing impact. protection to | 
breakage potential and increasing | 
handling stability. In the event of co 
breakage, the coating safely 
dangerous chemicals, and radioac 
biohazardous materials long er 


en proper disposal. — 








-Richard Pearson* 





The UK Government has Boedo 0, fsi success in encouraging the sunrise. 
industries. Will the nO NEE: be there to bee ads growth: ? 


JOB prospectsi inrscience and tech nology are 
in a period of rapid change. While new 
- “discoveries?” are one major driving force, 
_ their applicatio 1 to society's needs and a 
7 changing financial context are nowadays 
röng pr es affecting employ- 
ment. Existing staff need new skills, some 
_ have to retrain, while new jobs and areas of 
-~ employment are always: emerging. In the 
. United States, skill shortages in informa- 
tion. technology. T} and electronics have 
led to severe depletion in the education 
_ system of the teachers needed to educate 
| and train future specialists. 
_ In the United Kingdom, cutbacks in the 
: university syste ni thë past 3 years have 













` prisingly, those oa waqtetable skills in 
-industry have often been the ones to leave, 
¿while the rash of early retirements and 
- freezes on recruitment have led to un- 
balanced staffing structures and blocked 
career streams. In an effort to unblock the 
- system, a “new blood’’ initiative was an- 
nounced by the Department of Education 
and Science in late 1982 which enabled the 
_ universities to recruit more than 240 new, 
_ young, teaching and research staff. There 
were also funds for a further 70 staff in IT 
~as part of a wider “IT initiative” to in- 
-crease the supply: of graduates coming on- 
-to the labour market. Initial evaluations of 
» these two schemes are now available. 

` Altogether, more than 300 posts were 
: created in the universities and 87 per cent of 
them had been filled by late 1983. The Uni- 
versity Grants Committee (UGC) reported 
-a wide variation in the number and quality 
_ of applications for individual posts. The 
< number of applications was as high as 80 
-for some posts in medicine with many 
-strong candidates, and as low as 4 in engi- 
«peering. The highest quality was found in 
applicants in the biological sciences and 
mathematics, the lowest in engineering. 
| Information EI ESk had | the lowest 





















































5 _ received more than 300 applications for 20 










mation technology recruits was over 36, 
while three were under 25. In a year 
dedicated to “Women in Science and 
Engineering’, none of the information 
technology posts and only one of the 
engineering posts was filled by a woman, 
although more were appointed in medicine 
(6) and the sciences (9). 

The IT initiative of 1982 also included 
additional funds for research and student 
places, as well as for a series of one year 
postgraduate and post-experience courses 
to increase the supply of people with IT 
skills. An initial evaluation of the first year 
of these courses, sponsored by the Science 
and Engineering Research Council 
(SERC), shows them to be making a rapid 
contribution to meeting recruitment needs 
despite their newness and a relatively low 
level of awareness by employers (Man- 
power for Information Technology, A. 
Gordon and R. Pearson, IMS). SERC is 
supporting two types of course, ““conver- 
sion” courses aimed at graduates with no 
previous experience of information tech- 
nology and ‘‘specialist’’ courses for infor- 
mation technology graduates. 

Although many of the courses, run in 
both universities and polytechnics, were 
announced only a few months before they 
began in October 1982, there was a great 
deal of interest among first degree 
graduates — some course organizers 




















































































‘or 30 places. Much of this enthusiasm was 
o doubt prompted by the poor job pros- 
ects for graduates without skills in infor- 
na ion. technology. Although there was a 
ficant number of women applicants, 
hey represented only one in eight students, 
ssibly because many of the successful ap- 
plicants had first degrees in engineering or 















Subject Posts in 
1983 
Medicine 43 
Engineering 48 
Biological sciences 25 
Maths/ 
physical sciences 86 
Agricultural/veterinary science 8 
Arts/social studies 32 
Information technology 70 
Total 312 


ed their new skills, with banks and in 


physical science, often an essential entry re- | main ala 


New posts in UGC new blood and IT initiati ve 





| Posts unfilled at. | 


” Applications per 


post 30 Nov. 1983 
19.7 5 
15.9 | 15 

32.1 3 

27.3 I 

13.7 2 

27.5 4 

10.9 13 

20.8 
























pared with the ie: 1.000 cal : 
1984. In 1983 there was little awarene: 
among employers of this new source 

skilled information technology manpow 
Most employers were seeking a broat 
ed intake of first degree graduates ani 
was rare to find a significant discrete de- 
mand for MSc or diploma students in any 
of the information technology subjects. 
Some were, however, sought in communi- 
cations and control engineering. In the case 
of postgraduates with first degrees in the 
arts, some employers doubted whether 
they could learn enough useful comput 
in one year to be worthwhile, althoug 
major electronics company has rece 
organized his own three-month courses t 
turn arts graduates into successful real- 
time programmers. By the time they gradu 
ated, most students had found jobs that 











education as well as in the information 
technology industry. Starting salaries rang- 
ed from £5,000 to more than £12,000 a. 
year, with half in the £7,000-8,000 range, 
well above the average starting salary foro- 
new graduates, which in 1983 was justover — 
£6,000. | fo 
The information technology initiative _ 
has been successful so far in creatinganew 
supply of skills. Ironically it could be poor _ 
information that constrains this supply of 
information technology skills in the futu 
with some employers unaware of these new 
types of graduates, and some coui sel 
organizers having little interest in a 
taining industry’ s needs. We men ti 
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concepts: 
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rs in other areas of 


‘It is anticipated that the 

‘andidates will establish a 

ogy focused research 

ith emphasis on studies 

nt.to birth defects in 

oration with faculty colleagues 

\tlanta University and Morehouse 

ollege: Salary will be commensurate 
qualifications and experience. 


pmit curriculum vitae, three 
reference and a statement of 
“research interests by June Í, 
“to: Dr Judith Rae Lumb, 
tment of Biology, Atlanta 
sity, Atlanta, Georgia 30314. 
versity is an Equal Opport- 


Affirmative Action Employer. 
(NW495)A 


rves the right to ref 
. The Publishers wi 


t 


do they accept li 


The Department of Industrial, 


Organic and Polymer Chemistry 
invites applications from suitably 
qualified candidates to undertake an 


investigation into the synthesis and | 


properties of thermally and 
hydrolytically stable crosslinked 
polymers. The work will include 


lamination and physical testing of | cology, 


resins prepared. 


Candidates should have, or expect | 
to obtain this year, a good honours | 


degree in Chemistry. The successful 
candidate will be expected to register 
for a higher degree under the 
supervision of Dr W E Douglas. The 
post is for 3 years and involves some 
teaching duties. Salary within range 
£5,592 — £6,294 inclusive. 


Details and application forms (to 
be returned by 31st May) from 
Academic Registry, Dept AO, 
quoting Ref SC, Kingston 
Polytechnic, Penrhyn Road, 
Kingston upon Thames KTI 2EE. 
Tel: 01-549 1366 ext 518. 

(1889)A 


"FACULTY POSITION IN 
PHARMACOLOGY 


Applications are invited for a tenured | 
or tenure-track faculty position in- 


Pharmacology. We are especially | a, 4h 
interested in candidates with a back- | ageto 


ground 


in cardiovascular pharma- | p ae ‘ 
but qualified candidates in | for] 


any area of molecular pharmacology | - is 


will be considered. A Ph.D. in 


Pharmacology or related area, or an | | a 


M.D., is required. 
Level of appointment and salary 


will be commensurate with achieve- | 


ment and experience. 


Curriculum vitae, references and a 
summary of research interests should 
be sent before June 30, 1984, to: Dr. 
Larry Stein, Chairman, Department 
of Pharmacology, College of Medi- 
cine, University of California, Irvine, 
California 92717. 


The University of California is. an 


Affirmative Action Employer. 
(NWA91DA 


enior Pathol 
Pharmaceutical R&D 


Our client is one of the largest and most successful 
international pharmaceutical companies with research 
establishments in several European countries, including 


| Salary on scale R 
-£7630—8530 p.a. 


nee in histolc 
munoassay in reproduc Df 
e Research Fellow 
tion. Starting dateno 
tober 1, 1984.00 | 


Application i n 
(2 copies) with the 
referees should be ad 


LD. MORRIS, Department 


-macology, Medical School, 


Road, Manchester M13 OPT, k 
__(1888)A. 


Loire Valley 


distinct advantage, as would a 


specialist interest in 


haematology. Written and spoken fluency in English is 
essential, and the successful candidate, if not French, 


the UK and France. The company has its 100-strong 
European Safety Evaluation Laboratories in France, and 
itis here that this vacancy has arisen. 


must be prepared to become proficient in French after a 
short period. 


As one of the senior scientific staff of the Centre, there 
would be considerable interaction with research col- 
leagues at other international company locations, and 
attendance at appropriate scientific congresses is 
encouraged. 


The successful candidate will be a senior member of 
a small team of pathologists supported by wel- 
experienced technical staff. in addition to classical light 
and electron microscopy, the department is also making 
increasing use of histochemical and immunocyto- 
chemical techniques in the evaluation of animal 
pathology. Specialist experience in one or other of these 
fields would be desirable. 


A highly competitive starting salary will be negotiated. 
according to qualifications and experience. Other bene- 
fits include pension and life assurance schemes, up to 
30 days’ annual leave, and assistance with interna- 


Candidates must have either a veterinary Or medical S l 
tional relocation expenses. 


qualification, and membership of the Royal College of 
Pathologists, American Board Certification in Path- 
ology, or equivalent professional recognition. Some 
experience of iaboratory animal pathology would be a 


“lalentmarl 


Leaders in Health Care Recruitment 


Please write in con fidence ‘for an application form, Of 
further before applying: => o 0o | 


King House, 5-11 Westbourne Grove. 


London W2 4UA. Tel: 01-229 2266. 





Internationally respected as a leading name in the field of 
ethical pharmaceuticals, Smith Kline and French Research 
operates an intensive and innovative research programme. 
Due to an internal transfer we now have a vacancy for a 
Pharmacologist/Physiologist within one of our Pharmacology 
departments. 

The successful candidate will be responsible for carrying 
out and reporting experiments designed to study the 
pharmacological and electrophysiological actions of drugs 
and novel compounds on the heart. 

We are looking for a PhD, or a candidate with a good 
-- honours degree in Pharmacology or Physiology. Of primary 

importance however is proven experience in cardiac 


<. e@lectrophysiciogical techniques. 


We pay competitive salaries and provide a full range of 
benefits. Please write for an application form or senda 
detailed c.v. outlining your qualifications and experience, 
quoting reference number N/965/SB to the Personnel Officer. 


| taxes). 


THEORET 
at the mathemacti 
sciences facu 


| well as the e 
| tionary = 


edict. 


| 19, paragraph 13 of the University 


The application letter should be 
| dressed to the Swedish Gov 
(Ref nr) but sent to the R 


Lund University, PO Box 
S-221 01 Lund, Sweden. 
Deadline for receipt of mi 
May 23. Starting salary: 146, 
165,780 Sw. Cr. per annum 
The applicant should in 
following items in- 


KSF 


SMITH KLINE SFRENCH RESEARCH LIMITED 
The Frythe, Welwyn, Herts AL6 9AR. 


-THE UNIVERSITY OF NEW ENGLAND 
CHAIR APPOINTMENTS 


The University of New England invites applications for the following 
‘tenured Chairs: E 

PHYSIOLOGY — Vacant following the retirement of Professor 
_ J. V. Evans. The Department offers courses in Physiology in the 
-= Faculties of Science and Rural Science and in Human Bioscience in 
oo the Faculty of Arts. 


| 1. short written summary 
scientific and pedagogic £ 
copy); 2. a witnessed (two 
\list of merits and a listo 
publications (1 copy); 3. 
transcripts or testemonia: 
papers of recommendatio 
4.4 copies of each scientific 
numbered as in the list abo 
which should be separated ‘ir 
| packages for review by the sele 
committee (at the latest: 
(1952)A weeks after the deadline}. 


Res ea rchO pp ortun ity : f l 
in Marine Physics 


The institute of Oceanographic Sciences has a vacancy at Scientic q 
Officer level with its Marine Physics Group. The work is concemed. 
with ocean circulation and will entail extensive use of computers for 

the calibration, analysis and presentation of data from recording 
instruments deployed in the deep ocean. 

Candidates should be numerate, preferably with a mathematics 
and/or physics background. Previous experience with computers is 

not essential. Applicants should have a degree, HNC/HND ‘or | 
degree standard qualification in an appropriate scientific opoo 
engineering subject. ei sea 
Although there is only one vacancy it may, if suitable candidatesare. o 
available, be split to provide two part-time posts. ee 
Starting salary will depend on qualifications and experience, but wil 

be in the range of £5,682 pa -- £7,765 pa (full-time rates quoted?: 
Application forms and further details are available from: Th: 
Secretary, Institute of Oceanographic Sciences, Br 

Road, Wormiley, Godalming, Surrey GUS SUB. 

Wormiley (042879) 4141 ext 272. Please. qui 

84/ 004/ 106. Closing date for applicat 
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We require a good honours graduate to 
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standard and equipped with the latest computer technology. 
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Toxicologists. You will be involved in cytogenet 
metaphase chromosome studies of mammalian cells. You w 
to assist in the preparation of the specimens for analys 


assessment of results. The laboratories are purpose 


ith some 
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Applications are invited from graduate cytogenet 
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experience o 
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the safety of new drugs when 


in our Tox 


isor 


the team assessi 


+ 


toxicology 
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Department work 
used in pregnancy. 


ing to GLP. 


ies accord 


You will be involved in the implementation of reproductive 
requirements. 


studies and ensuring the correct execution of the stud 


proceeds, by collating and correlating data generated by the department’ 
Candidates should possess a relevant good honours degree together with : 


You will be expected to be fully aware of the status of each study, as 
dedicated computer system. 


field of 
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South Africa 


‘Applications å are invited from suitably qualified candidates, merde of 
— race, colour or creed, for the following post, from | January 1985 or as soon as 
= pos ible thereafter: 


Lecturer/Junior Lecturer in Entomology 
in the Department of Zoology and Entomology 


An interest in biological control, insect ecology, or plan/insect relationships 
may be a recommendation. | 

The salary scales are: 

Lecturer : R12657 x 780 - 16557 x 936 - 22173 per annum 

Junior Lecturer: R9075 x 621 - 10317 x 780 - 14217 per annum 

© In addition to the above salaries, an allowance of approximately 12% is 
| payable. The initial salary will be determined according to qualifications and 
experience. Fringe benefits include generous leave privileges, financial 
assistance towards the University education of children at Rhodes University, 
and a service bonus subject to regulations. The successful applicant will 
ome a member of the nea S pension and medical aid schemes and 












































A lication forms and further particulars may be obtained from The South 
African Universities Office, Chichester House, 278 High Holborn, London 
W eE THE to whom complete applications should be sent by not later than 31 
(W964)A 


UNIVERSITY OF WAIKATO 
New Zealand 
APPOINTMENTS IN 


= Molecular Biologist PHYSICS 
SC/L2/84/1 Orchids u ein 


ee: ee Ws are the Department of Physics. The 
RAD wishes to recruit a senior scientist to lead its molecular appointment to the junior lectureship 
logy programme in theileriosis, trypanosomiasis and bovine will be for not more than four years. 
lymphocyte antigens. The research group includes 3-4 post- 





The successful applicant for the 


mandate to. devise improved control measures for animal diseases 
and the molecular biology programme plays an important role in the 
multidisciplinary. effort. ILRAD is fully funded by an international 
) OUP of donor agencies and is equipped to the highest standards. 


an MSc in physics or a BE in electrical 
or electronic engineering. The 
appointee should have basic interests 
in micro-processors and semi- 
conductor devices. 


irent research topics include genetic mechanisms controlling 
| genic variation in salivarian. trypanosomes, identification of 
gene sequences which identify species, sub-species and serodemes 
of trypanosomes, identification of genes coding for protective 
antigens of trypanosoma and theileria parasites, and analysis of 
- genetic changes in host and parasite associated with lymphocyte 
‘ proliferation induced by parasitic infection. 





electronics and associated 
supervision of MSc students. 


















the Department of Physics include: 
Plasma Physics, Theoretical Physics, 
Solid State Physics, Biophysics and 
Electronic Instrumentation. 


- Candidates should have a good research record in molecular 
“biology, a minimum of 7 years research experience since obtaining 
PRD, and proven ability to head a research group. 






The appointments will be made at 
an appropriate step on the scale for 
| junior lecturers, which is NZ$16,123 
— NZ$18,732 per annum and for 






This pésition is an international staff position and salary will be paid 
_ in US dollars. Initial salary level will be determined by qualification 
z xperience. Moving, housing, commutation and education 
are paid, and there are medical and retirement benefits. 
pli s should include a current curriculum vitae and the 
es and addresses of three referees. Applications, citing the 
Humber should be sent by 30th June 1984 to: 








per annum. 





the prescribed method of application 
















Chief Personnel Officer, 



















i Scientist in the Wolf 


| October, 14984. The maji 
| | would be synthesis of ins 
| [behaviour modifying chemicals 


| | feading to new and impro 


| comprising both biologists oá 


| | cooperation with govern 


doctoral fellows with senior technical support. ILRAD has a junior lectureship should have either | 


The appointee to the lectureship | 
| should have a PhD in physics in an | 
electronics area, and would be | 
responsible for the teaching of | 


The present research interests of | 


lecturers NZ$21,660 — NZ$25,684 | 


ll enquiries, including details of . 
All enquiries, including details of | experience and will be for 3 


and conditions of appointment, |. the first instance. 


should be addressed to the Registrar, — i 
University of Waikato, Private Bag, | _ 





SYNTHETIC ORGAN 
CHEMIST. 

Applications are invited 

position of postdoctora 


































methods of i insect control. The Unit 
is a self-funding’ consulta y 





chemists working 





| industrial research 


which will depend upo 
qualifications, will be: 
£7,190 per annum (i 
DAE E A 






















Professor R. Baket, 
Chemistry, The Univer 
ampton S509 SNH. | 


MASSEY UNIVERSITY 
Palmerston North. 
New Zealand ` 
FERTILIZER AND LI N 
RESEARCH CENTR 


Applications are invited for t 
position of 7 


SENIOR RESEARCH 
OFFICER 


in the Fertilizer and Lime Resear 
Centre which is based i 
Department of Soil Science 
Centre was established in 
1983 and undertakes resear 
several aspects of fertil 
including the developme 
evaluation of new and it 
fertilizer materials and the oi 
of fertilizer use. 


The successful appia: will be 
required to undertake and coordinate 
research in areas relevant. to. the 
interests of the Centre, Some 
assistance with research admini- 
stration will be required. ; 

Applicants must have appropriate 
post-graduate qualifications and at 
least five years experience in. soil 


| fertility-related research. A good 


publication record and some 
experience and an interest in research: 
coordination and administrofion 


| would be desirable, 

















An appointment ata salary of pie 
NZ$30,127 per annum is pos 
depending on qualification 


Further details of iy 





LL.R.A.D. Hamilton, New Zealand, or hel od or diti 
PO Box 30709 Secretary General, Association of |. obi 

NAIROBI Commonwealth Universities | 
oo Kenya : patie 36 Gordon Square, Londo 


amsterdam 
~The Subfaculty of Chemistry, Department of Pharmacochemistry has a vacancy for a 


-full professor in (molecular) toxicology (mate/female) a 


The department takes care of teaching in pharmacochemistry and is involved in the program for “environmental 


chemistry’. The research program mainly concerns neutrotransmitters. For both the teaching and the research 


program in pharmacochemistry the subjects are treated in an integrated way, in which chemicals (synthesis, physical- cies 


4 


chemistry) and biological (pharmacology, pharmacokinetics, metabolism, toxicology) aspects are involved: forthe | Ao 
_ biological investigations approaches on the molecular level are followed. Additionally the study of quantitative; o 070o 
structure-activity relationships is part of the program. È ogee Be 


The applicant should have a broad experience in the field of pharmacology, especially of toxicology. He should be able Po 
to contribute to the teaching program of the department and to stimulate the development of the research program on 
molecular toxicology. | aa E fae : wee ae PE A Soe , E 2 
He should be willing and able to take part in the administrative tasks of the department and the subfaculty. 
The salary will be between Hfl.76.100,- and HfL 108.100,-- per annum (excl. 7,5% holiday allowance). Candidates | 
should be prepared to identify with the Christian character of the Free University. oe | cae S ee FA 
Those requiring further particulars and those wanting to draw attention to suitable candidates are asked to contact the 
. chairman of the nomination committee, prof.dr. H. Timmerman (Department of Pharmacochemistry ofthe Free: 
University, De Boelelaan 1083, 4081 HV Amsterdam, telephone 020-548 57 26). ` ee = | roe ake 


“Written applications, including a curriculum vitae and a list of publications should reach the Free University within a 
month after the date of appearance of this advertisement. (Personnel Department, P.O. Box 7161, 1007 MC 
Amsterdam, The Netherlands). Please quote reference number 610-0584. i B 


aeaee eana 


ae DEPARTMENT OF SCIENTIFIC 

NIVERSITY OF ROYAL FREE HOSPITAL AND INDUSTRI AL RESEARCH | 
LIVERPOO SCHOOL OF MEDICINE S ie ae ee 
+ l ’ (University of London) mM * hse 

T ee IN DEPARTMENT OF MEDICINE Scienti st 

ARMACOLOGY AND POSTDOCTORAL Crop Research Division 


THERAPEUTICS RESEARCH ASSISTANT Lincoln 
ot required for up to 3 years to work mide bain 
with Dr Gregory Gregoriadis on a | New Zealand 
re an lir Lacon oy o ie E a A geneticist/ plant breeder is required inan expanding plant ; T : 
adjuvants in vaccines. Strong back- genetics group supporting the established plant breeding = > 
ground in immunology essential / programme at Crop Research Division, Lincoln. oe 
Octo experience of liposome technology an Experience and knowledge of plant reproductive biology and. 
mally be aged 35 or ae on ap advantage. | genetics is required. Particular expertise in interspecific and/or. 
sees ie tpn ee Salary on Research Range IA. | intergener c hybri disation;-e mbryo culture, tissue culture and 
IK. of whatever kind, are ineligible Application by full curneuunyviar ; incompatibility in crop plants, especially cereals would be = o 
t appointment to this post. ‘New quoting: ne oe and Foa 3 desirable. An applicant with an appreciation of the utility ofthese | 
ood’ appointments will be primari- [WO TERErEOS: REISEEDEN IAA aer techniques to plant breeding programmes could take a leadership | 
y for research. | TECHNICIAN role. eh ce a 
andidates should have a special | also required to assist on project. An appropriate degree plus substantial research experience = a 
terest in immunopharmacology, Candidates must hold relevant essential. ; Ee 
nd would work closely with technical/academic qualifications Salary up to NZ$35,731 would be determined according to. 
stablished biochemical and dina “ee eee pai stay ven) ne qualifications and experience. > 
-macology groups in the Depart- experience. | Fa miliarity l with i ee | ee 
ent on problems of drug toxicity. immunologica] techniques an Further information, application forms, etc, may be. 


advantage. obtained from the Migration Branch, New Zealand High 
h salary on scale £5401 <= £7,098 Commission, New Zealand House, Haymarket, London - 
priate po plus £1,042 London Allowance. SW1Y 4TQ. Applicants should quote reference number 
eL Application forms av ailable. imm 2/ 335! 54 and forward applications accompani 
: Reference T/MU. résumé to: 
ob decriptions for both posts The Migration Branch, 
aal from the School Office, New Zealand High Commission, 
. | REHSM, Rowland Hill Street, New Zealand House, Haymarket, 
.| London NW3 2PF to which |. London SW1Y 4TQ. | 


a pplicatio ; 7 as. above. a Closing date for applications Ju ne 15th | 





-Southampton 


= THE 
Y UNIVERSITY 
























Applications. are invited 
of Lecturer in Econor 
i with particular emphasis on- 
geochemistry of fluid-r . 
| interactions. ae 
| Salary scate: £7, 190 x £450 (15) | 
| £14, ers sei annum (under review). | 
The initial salary will depend on- 
qualifications and experience. | 
| Further particulars may be obtained | 
from Mr D. A. S. Copland, The | 
University, Southampton SOS5NH | 
to whom applications {7 copies. 
| from United Kingdom applicants): 
| should be sent not later than 25. 
May 1984, quoting reference no 


2039/ N 
| { 18901A 




























p -As a leader in the international pharmaceutical field, Smith 
? dine & French Research Limited has maintained an impressive 
eh ‘record of growth, based on a commitment to research and 
development. Within our Synthetic and Isotope Chemistry 
_ Department, we now have an opportunity for an experienced 
| Chemist to fill a senior position which has become vacant 
_ through internal transfer. 
Applicants should possess a PhD degree in Chemistry with 
a broad knowledge, including practical experience, of many 
fields of synthetic organic chemistry. They must also have had 
= aminimum of three years post doctoral experience in industry 
or academia with a proven track record of creativity and 
ae innovation to their credit. 
Reporting to the Head of Department the successful 
a candidate will be responsible for leading a team of graduate 
organic chemists engaged in all aspects of devising new 
synthetic procedures to medicinally active compounds. 
_... We pay competitive salaries and offer a full range of benefits, 
= which include free BUPA, free life assurance and flexible 






























POST DOCTORAL _ 
POSITIONS | 


Two positions available im mediately 
for PhD graduates interested. in 
cellular and molecular aspects. of 
early mammalian developr 
introduction of exogenou 
material into mouse embry¢ 

































: - working hours. 







| Tenra pomm Herts 
= of ener ree and poe 


(Organic) 


.to work on problems. asc ç Hated with pest control and environ- 
mental pollution by identifyir ne esticide residues and other low level 
contaminants in plant, animal and other substrates using ge-ms, Ic-ms, 
EI/Cl, FAB, positive/negative ion-ms and other relevant techniques. 

7 Candidates should have a good degree (or equivalent) in chemistry, 
“biochemistry or other relevant subject. Experience in the techniques 
used and an interest or experience in computer techniques and/or 
electronics will be an advantage. 
Appointment as Scientific Officer £5680 ~ £7765 with starting 
salary according to qualifications and experience. 
= For further details and an application form (to be returned by 
4 ‘May 1984) write to Civil Service Commission, Alencon Link, 

; gstoke, Hants RG21 1B, or telephone Basingstoke (0256) 68551 
nswering service operates outside office hours). 
lease quote ref: $B/29/AG. 






























| Send résumé, ) 
graphy and summary of research | 


The Civit Service isan equal opportunity employer. 


: | minority” group me 
ications fror 


Please forward a detailed CV outlining qualifications and 
experience, or contact the Personnel Officer for an application 
form, quoting reference number N/964/SB 


SMITH KLINE SFRENCH RESEARCH LIMITED 
The Frythe, Welwyn, Herts AL6 9AR. 


(1887)A 


ASSISTANT! ASSOCIATE 
PROFESSOR 
{tenure track) 


DEPARTMENT OF MEDICINE | 


STANFORD 


| The Division of Oncology will be] | 
l appointing a 
| medical oncologist at Stanford. We 
-are searching for an individual with | 


laboratory based 


independent research capability 


land a record of productivity, 
| preferably in the areas of molecular | 


biology as it relates to viral 


oncology, immunology, genetics | 
| or chemotherapy of neoplasia. In. 
| addition, 
| expected to participate in teaching | 
i programs and patient care in 


this individual will be 
medical oncology. 
including biblio- 


goals, to: Dr Ronald Levy, 
Chairman, 


unity Employer and welcome 
nominations of -womer 





| enig under the age of 35 


Search Committee, 
Division of Oncology, Stanford | 
| University School of Medicine, | | 
| Room $025, Stanford, California) p 
| 94305. Stanford | is an Equal Opport- | 


ad: 


the relationship between el fi 
and tumour cells. Bankground 
molecular biology, cell cul Ge 
developmental biology. re 
Salary $20,000 per annum, 


Positions tenable. ‘at 
University till July, 1985, and 





























Institute, associated wi 
University of Toronto. ‘Apply 
Rossant, Dept of Biological S 
Brock University, St Cat 
Ontario, Canada L25 3AL 





NEW LECTURESHIP 
| Applications are invited 


the following new lectu 
tenable from 1 October 1984. y” 

INORGANIC CHEMISTRY/. 
Applications are particulary 
welcome from candidates. with 
interests in the early transition 
elements, high oxidation. state 
transition metal chemistry, Of 
| organometallic chemistry. 
However, well qualified candidates 
with other fields of interest are 
ogcourana r to apply. Closing date: 
15 June 1984 


THEORET ICAL ATOMIC 
PHYSICS OR ASTROPHYSICS 
This post is in the Department. of 
Applied Mathematics and Theore- 
tical Physics. Preference will be 
given to candidates havin: 
experience and a strong research 
interest in theoretical atomic a d 
molecular physics and/o 
astrophysical plasmas. Ci 
| date: 31 May 7984. : 
Salary scale for both postsis 























































{initial placing on scale- 
on. aoe: aait 













) ing $ 
ea related: to cancer Abele The 
ppointee would be expected to 
sume the Directorship of the 
cer: Biology Research Labor- 
ory and its associated research 
ning activities. 

ase send nominations and 
ormation relevant to the 
licant’s qualifications to the 
ff Assistant for the Search 
mmittee, Ms Marian Knox, 

ean's Office, Room M-119, 
Stanford. University Medical 

anter, Stanford, CA 94305. 
anford University is an Equal 
tunity Employer and 
s nominations of women 


ority group members and | 


a ons from them. 


MEDICAL RESEARCH 
COUNCIL 
IONAL INSTITUTE FOR 
EDICAL RESEARCH 
ON OF IMMUNOLOGY 
plications are invited for a 
stdoctoral position in the 
on of Immunology to work 
_B. A. Askonas. The 
rent will be for one year, 
st August 1984, to work on 
sof cell mediated immunity 
enza virus ina mouse model 
«perience in t-cell cloning 
ilture of lymphoid cells 


ry will be in the range 

z- £10,250 per annum plus 
86: London allowance. 

ions should include a 

m vitae and the names of 


(1904)A 


inal iMM/9/P 


! (Southampton 


a THE 
at HVERSITY 
NOD) UNIVERSITY 
DEPARTMENT OF 
“MICROBIOLOGY 
plications are invited for a 
W BLOOD LECTURESHIP IN 
MOLELCU LAR GENETICS 


--dandidates should have a PhD and 
iost-graduate experience in a 
elevant field of molecular biology. 
salary scale: £7,190 x £460 (15) — 
4,125 per annum (under review). 
itial salary will depend on 
ations and experience. 
articulars may be obtained 

S. Copland, The Univer- 

ton, S09 SNH to 


NIVERSITY OF CAMBRIDGE 


‘NEW BLOOD‘ LECTURERSHIP | 


IN BIOTECHNOLOGY 


Applications are invited for aj 


University Lectureship or University 


Assistant Lectureship in Biote-[ | | 
chnology to commence on TFI. 
October 1984. Candidates should be |] |. 
graduates in chemistry, bio-]|- 


chemistry, biophysics or a relevant | 
subject with previous experience in 
electrochemistry. The person ap- 
pointed will be expected to con- 
tribute to the development of tea- | 
ching strategies and to complement 
the active research programme in 
biosensors/bioelectronics being. 
pursued in the newly established 
Biotechnology. Centre. Industrial 
experience will be welcome. 

Further information about the duties 
and conditions of appointment may 
be obtained from the Director of Bio- 
technology, The Biotechnology 
Centre, Downing Street, Cambridge 
CB2 3EF, to whom applications, 
including a Curriculum Vitae, list of 
publications, and the names of three 
referees, should be sent so as to 
reach him not later than 18 May 
1984. (T917)A 


THE UNIVERSITY 
OF LEEDS 
DEPARTMENI OF PHYSIOLOGY 
LECTURER 
Applications are invited for the 


above post available from | October 
1984. 


Qualifications in the field of 
neurophysiology with research 
interests related to visceral sensory 
mechanisms are required. 


Salary on the academic scale for 
Lecturers (£7,190 — £14,125) (under 
review) according age, qualifications 
and experience. 


Informal enquiries may be made to 
Professor B R Jewell (tel Leeds 
431751 ext 7267). 


Application forms and further 
particulars may be obtained from the 
Registrar, The University, Leeds LS2 
DJT quoting reference no. 104/11/D. 
Closing date for appheations 21st 
May 1984. (1910)A 


The Queen's University 
of Belfast 
NEW LECTURESHIP N 


(NON-CLI 
Department of Medical 
Genetics 
Applications preferably fiom 
candidates under 35 years of age are 


[invited for a flectureship inon- 


clinical) in the Department of 
Medical Genetics tenable from 1 
revs 1984 or such other date as 
be arranged. Applicants should 
di erably possess a PhD degree or 
equivalent, and must have e ee 
ence in recombinant 
techniques. The lecturer will be 
expected to help the department 
expand its interest in the application 


of molecular biological techniques to 


human disease and clinical genetics. 
Initial placing, which will depend on 
age, qualifications and experience, 
will be made on the scale for 
lecturers: £7,191 — £14,127 with 
SUI pension rights under 


Further particulars may be obtained 
from the Personnel. Officer, 


Queen's University of Belfast BT7 || 
Nort i. yoene. E 


Research Fellow 


$A24,344 — $A35,806 

Division of Atmospheric Research mt 

Aspendale VIC 
Australia 


CSIRO conducts scientific and technological research in 
laboratories located throughout Australia and employs about . 
7,500 staff, of whom some 2,900 are professional scientists. The 
Organization’ s research activities are grouped into five Institutes: 
Animal and Food Sciences, Biological Resources, Energy anid». 
Earth Resources, Industrial Technology and Physical Sciences. 
The CSIRO Division of Atmospheric Research is a member of the 
institute of Physical Sciences. 

Field: Atmospheric Clouds and Radiation. 

General: The Division of. Atmospheric Research maintains... 
broadly-based research programs in dynamical. meteorology, - a 
boundary layer physics, climatology, radiation, cloud Aa and - 
atmospheric chemistry. Total staff numbers approximate 130. | 

The Division’s Clouds and Radiation Group is concerned with => 
the meteorological and climatic consequences of the interaction _ 
of atmospheric radiation with clouds, aerosols and trace gases, One 
the physics of cloud evolution, including the investigation of - 
natural rainforming processes, the remote sensing of. atmoapherk 
and surface parameters by lidar, satellite and airborne radiomet 
techniques. Recently the group has acquired. a comprehensive - 
system for real-time acquisition and interactive handling of high- 
resolution meteorological satellite data (CSIDA). sa 

Duties: As a member of the Clouds and Radiation ra the- $ 
appointee wil have considerable freedom to develop and - fet 
undertake research within the general field. There is also a 
requirement to strengthen the theoretical background to. the. 
Group's present activities and, specifically, to collaborate. 
research concerned with interpretation of satellite radianc ant 
with investigation of those radiative processes that are affected. 
by the behaviour of clouds, aerosols and by changes i ie ae 
atmospheric trace gases. 

Qualifications: A PhD degree or equivalent qualifications with. | 
emphasis on theoretical physics and some training in applied 
mathematics plus proven research ability. Experience in general 
meteorology and, in particular, the theory of radiative. transfer 
would be an advantage. 


Tenure: Indefinite with Australian Government superannuation a 


benefits available, 

Applications: Stating full personal and professional details, 
the names of at least two referees and quoting reference No 
A1824, should be directed to: | 

The Chief, 
CSIRO Division of Atmospheric Research 
Private Bag No 1 
Mordialioc VIC 3195 
Australia. 
By June 8, 1984. 
CSIRO is an equal opportunity employer. 


Athrofa Gogledd Ddwyrain Cymru 


The North East Wales Institute 
of higher education 


‘CONNAH'S QUAY, DEESIDE, CLWYD. 


BIOTECHNOLOGY RESEARCH POST 
{up to £13,443 p.a.} 


The Institute's research programme already includes a substantial. Caan 
amount of work on immunoassays and on monoclonal antibodies. 
now wishes to increase its involvement in biotechnology especially 
aa of its support to Newtech, Clwyd’s new Industri ai innov tion: $ 
entre. 2 
The person appointed will join the Academic Research Staff, 
required to undertake and initiate applied research, and to ad 
local industry. Particular areas of interest are in cloning, k 
immunoassays or cell biology. Applicants should be prof 
researchers of high academic ability, and should be willin 
their work to industrial objectives. Salary is between £8, 
£13,443 pa depending on qualifications and experience. Fo 
details and application forms write to: : 


= The Registrar, The North East Wales Institute 
“Deeside, Clwyd. Tel: Deeside 817531 e ) 
_ receipt of applications: 





c.£13,000 inc. (under r r 


Glaxo Pharmaceuticals, one of the fastest growing companies in the UK, markets a a : 
highly successful range of feading pharmaceutical products. ky 


| We. are seeking to appointa statistician t to advise on the statistical aspects of Clin ical 2 
‘Trials protocols. 


This work will invoive an input into the design of protocols, record forms and ~ | 
computer entry screens to ensure that the data can be handled efficiently. 


You. will be required- to analyse clinical data using appropriate methods aug 
computer techniques. E 


<ih order to fulfil these responsibilities you will need to liaise. with Management ET 
- Services Division as well as members of Clinical Research: Division and other Medical z 
staff. | 


A strong positive personality is required and you should have considerable experience 
of the statistical aspects of clinical trial design together with the ability to gain the 
-confidence of Senior Medical Personnel and to co- -operate with them: 


5 \ttractive conditions of employment include Company bonus scheme, “non-contributory 
$ jension scheme and other excellent benefits. | 


| ‘Please call for an application form to Mr. M. E. Bates, Senior Personnel Officer, 


Phi ha ar maceuticals LIMITED 
OAD, A ja Te she san 3434, quoting ref MEB 733. 


oon a SH ARP UNITED MEDICAL AND THE SCHOOL OF 
JNAC DENTAL SCHOOLS OF | CY 
“BE DOI OHN S -CHIBRET GUY’S AND ST. THOMAS’S | UNIVERSITY OF LO 


3 SIDIARY C OF MERCK AND CO. HOSPITALS LECTURESHIP | 
OCCUPATIONAL HEALTH PHARMACEUTIC 


35 to. evelop jis new Research Center RESEARCH UNIT CHEMISTRY (SPEC 
ocated | in the heart of France at DEPARTMENT OF COMMUNITY IN BIOCHEMISTRY 
RION (PUY DE DOME) aces Mie PHARMACEUTICAL, 
: cand seel o RESEARCH ASSISTANT BIOCHEMISTRY} 
ASS s ENT DEPARTEMENT 


required for one year to joina team at Applications are invited fro 

Guy’s investigating the occupational | sons with training and intere 
aspects of low back pain, funded by biochemistry and its applications i 
the Arthritis and Rheumatism the pharmaceutical, biological an 
Council. health-related sciences. Examples € 
suitable research areas are- mer 


a human science subject with a basic | branes and receptors, metabolism 


| loning, macromolk 
, : knowledge of biomedical engineering enyen anne ella 
ili ee MD, PRD c or ne one ade = . and computing. Research experience cule-drug- interaction, oncology an 


trainir og o have 5 years expe- | | and an interest in ergonomics is | toxicology. The successful candidat 


Applicants should have a degree in 


| will participate in the teaching: ¢ 
desirable but not essential. If further | BPharm and BSc (Toxicology 


fee, | information is required regarding | : 
ay: envi ronment i is s offere ed instaffequipment po this post please contact E Otun on Pharmacology) a she Sy 
ve French as ther | 01-407 7600 Ext 3108. | Salary! in range £7190 — £1412 2 
y %4 2 London. Allowance. (£1186). pii a ; 
3 iang wage iene og: “good working | Salary in range £6, 310 — £8,530 ; 
Engish. : according to qualifications and -Further “details. from _ | 
| | experience, plus £1,186- London Gibbons, Department © y 
a Allowance a superannuation | in | ceutical Chemistry (aadress 
Handa -WË nten appii cations with a detailed USS. | below). 
surricul lum vitae and expectations should _ Apply in writing with fllo cir 


o addressed Dir een du Personne! | Jum vitae, to the Secretary. Unite edi f 
eens ae | Medical and. Denta nara £ 





(SSiSTANT IN 
BIOTECHNOLOGY 


eo: 


ph ations are invited for two posts 
assist in a growing programme of 
earch into the production of fuels 
emicals by fermentation. The 

is supported by The Royal 


: ardidates for the postdoctoral 
jost may be qualified in biochemical 
ginecring or applied microbiology 
hould have experience and 
sts relevant to the work of the 
p. which presently includes 
digestion, immobilised cell 
~eoupled fermentation 

separation processes. 
y according to age and 
in range £7190-£11615 

6 London ONANG: 


oi in chemical engineering, 
some experience of work in 
emical or microbiological 
nı The successful candidate 

iS ist in work on mixing, 
ling and evaluation of 
bic fermentations and willalso 
quired to provide general 
ical assistance in the 
ology laboratory. Salary in 
310-£8530 plus London 
according to age and 


tions, naming two 

hould be addressed to Dr D 

Department of Chemical 

ng and Chemical Tech- 

nperial College, London 

Y, to arrive as soon as 

ible. Informal enquiries also 
yme (01-589 5111 ext 1909). 

(1949)A 


JNITED MEDICAL AND 
_ DENTAL SCHOOLS OF 
UY’S AND ST. THOMAS’S 
-~ HOSPITALS 


_ POST-DOCTORAL 
RESEARCH ASSISTANT 


ired for one year to work on cell- 
ediated. immune mechanisms in 
rheumatoid arthritis. Experience in 
ing and hybridoma techniques 
üld be desirable but not essential. 
is funded to 30th June 1985. 

on-the scale of £7,190-£8,530 
1,186 London Allowance ‘and 

an lation depending on age 
rience. For further details 
Professor G: 8 Panayi (01 Lend 


-SOUTH MANCHESTER 
HEALTH AUTHORITY 
CHRISTIE HOSPITAL AND 
HOLT RADIUM INSTITUTE 
PATERSON 
LABORATORIES 
A vacancy exists at postdoctoral level 
within a group devoted to the study of 
the epithelial cells of a variety of 
tissue. The interests of the group 
centre on the cellular organisation of 
proliferation in a wide range of 
surface epithelia (skin, oral mucosa 
and gastrointestinal tract), the 


mechanisms involved- in the control | 
proliferation and. 
differentiation and the malfunction — 


of cell 


of these controls that result in cancer 


and other proliferative disorders. We | 


wish to bring new scientific interests 
into the group to add to the wide- 


ranging approaches that arecurrently | 


used, and would be particularly 
interested in someone who could 


bring experience of monoclonal | 


antibodies or molecular biology 
techniques or who would be 
interested in learning these 


techniques while working in the 


group. The successful candidate 
would be able to develop his own area 
of study within the overall 
framework and under the general 
guidance of Dr C S Potten, the group 
leader. Potential projects could 
include the identification of early 
differentiation events in epithelial 
cell lineages; characterisation of stem 
cells and clonogenic cells in epithelial 
tissues and their relationship to 
carcinogen target cells. 


The work is supported by grants 
from the Cancer Research Campaign 
and the position would be tenable for 
three years with the possibility of 
renewal. 


Applications should be made to Dr 
C S Potten, The Paterson 
Laboratories, Christie Hospital and 
Holt Radium Institute, Wilmslow 
Road, Manchester M20 9BX and 
include a curriculum vitae, the names 


of two academic referees and outline | 


of interests in connection with the 
work outlined above. (1931I)A 


KINGSTON POLYTECHNIC 
SCHOOL OF CHEMICAL AND 
PHYSICAL SCIENCES 
SENIOR TECHNICIAN 
A graduate in biochemistry or related 


discipline with bacteriological | 


experience is required to be 
responsible for the operation of a 
biochemistry and bacteriology 
laboratory concerned with 
undergraduate, postgraduate and 
research work. Analytical 
biochemistry forms a major part of 
this work and experience of a wide 
range of appropriate instrumental 
techniques is required as well as 
routine maintenance of the 
laboratory. Salary scale 4/5 £6,891 
~— £8,523 inclusive. 


Details and application forms (to 


istant: Registrar. (Personnel), 1 
tic, Penrhyn |. 


level and have the practica 


AUSTRALIA 
ROYAL MELBOURNE INSTITUTE 
OF TECHNOLOGY LIMITED 


SENIOR LECTURER 


(INSTRUMENT SCIENCE) - 


DEPARTMENT OF 
APPLIED PHYSICS 


REF. NO. 121/06/AN 


Applicants are called. or the above position. The successful He 
applicant will be responsible for providing leadership to the 
instrument Science Group, undertake a variety of teachi 
duties, and be expected to participate in the overall resear 
and development program of the department. | 


it is expected that the successful applicant will hold a Ph. D., Ge 


have extensive experience in tertiary teaching, and have an IE 


established research and/or development record associated oe 
with instrument science and microprocessor application, | 


Salary within the arge 33, 390 ae - SA36 565 p. a (under der 1 


review). 


R (O, 7 OF 
APPLIED PHYSICS 


REF. NO. 121/09/AN 


The Department is seeking an energetic applicant who will j join 
the Optics Bro up in the above position. The successful 
applicant will be expected to participate in undergraduate. 
postgraduate teaching programs and contribute to. the re- 
search activities of the pties. group within the overall depart: ice 
mental research and development program. ary 
it is anticipated that the successful applicant will hold a Ph. ee 
in an appropriate field and have demonstrated a research > 
capability and commitment to the field of optics. cues as 
teaching experience would be an advantage. 

Salary within the range $A23 /394-$A30, 734 p.a. {under review). 


Position descriptions- should be obtained from Staff Branch ~ ~ 
(03) 347 2337. Ap lications or appropriate Ref. No. to the 
Staff Officer, RMIT, Box 2476V, Melbourne, 3001, 
Victoria, Australia by 27 luy 1984. 


BIO-CON 0%) LIMITED 
Bio-Com seeks for international research associates. young 
independent and ambitious scientist with strong friendly 
personality, interested in both fundamental and developmen 
research. Training: immunology, genetic engineering, peptide- 
nucleic acid characterization. Initially based at Paris institution, 
hence, conversational French essential. Willing to travel/ rolosatë Le 
UK/USA. Starting. salary £9, 000 -- £12,000. ne 


Send cv, photograph and manuscript letter to the Director of : 
Research, Bio-Com al Ltd, 34 Floral Stot London 
WC2E 9DJ. (WSA 


WELLCOME BIOT ‘CHNOLOGY I wi ED, FMD DIV 
SENIOR LABORATORY TECHNICIAN. | 
A vacancy has arisen for a Senior Laboratory Technician to bine 
Research Team in the Foot and Mouth Disease Virus Section at Pi 
This Section is part of our Department of Virology R&D at Be 
and there is considerable interaction with other Biologica 
Departments as weil as collaboration with external organisatio 
Applicants should be ery motivated, educated to degree 
experience to provide full technical 
required to ge eneral full length DNA clones of Foot and Mout 
Virus RNA. To obtain infectious virus from such clones and to 
site directed mutagenesis. Bae , 
, as post will o a compet 













wing posts: 










- DEPARTMENT OF CHEMISTRY 


Applicants should have a. sustained record of recognised 
international excellence in their specialist area. The successful 
candidate will be expected to teach and conduct research in either 
> analytical or physical chemistry. Applicants with lesser experience 
- may be considered for a post at a lower level. 


LECTURESHIPS/SENIOR 
LECTURESHIPS/ASSOCIATE PROFESSORSHIPS 
DEPARTMENT OF BIOLOGICAL 
SCIENCE 
(3 posts) 

(a) Botany (2 posts): Applicants must have a first degree and a PhD 
~ and/or research experience in some aspect of plant science. The 
=. successful candidates will be required to contribute to under- 
graduate courses in general botany, plant taxonomy and plant 
physiology in the Department of Biological Sciences. Applicants 
from any area of botanical science will be considered but the areas of 
<. special preference are those of: (i) Systematic botany, where 

_candidates with experience of the flora of Central and Southern 
: Africa will be of particular interest; Gi) Plant _ physiology 
particularly plant growth, water relations or seed physiology. 


~ (b) Nematology/Soil Zoology (1 post): Applicants should be 
<- experienced in the general area of Nematology and/ or Soil Zoology. 
> Any area of specialisation within these disciplines will be considered 
~ but preference will be given to candidates with research experience 
with plant-infecting or other soil-inhibiting nematodes. The 
_ successful candidate should have a first degree in some aspect of 

_ biological or agricultural science and a PhD and/or research 
experience in the appropriate area of specialisation. He/she will be 
required to contribute to undergraduate courses in invertebrate 
zoology, parasitology and soil ecology and to appropriate 
. postgraduate courses. 


salary Scales (Under Review): Lecturer: Z$9,936 x 432 — Z$15,120 
x 468 — Z$15,588 x 480 — Z$16,548; Senior Lecturer: Z7$17,028 
X480 — Z$19,428: Associate Professor: Z$17,508 x480 — 
ate Professor: Z$19,452 x612 — Z$20,676 x840 — 








: = Appointment on above scales according to qualifications and 
experience. 


_Conditions of Service: Both permanent and short-term contracts are 
offered. Persons who are not Zimbabwean citizens may be 
appointed only on a short-term contract basis with an initial 
‘contract period of two years. Short-term contracts may, in 
exceptional cases, be extended. 


‘Application forms and further particulars on the above posts can be 
obtained from the Director, Appointments and Personnel, 
University of Zimbabwe, PO Box MP 167, Mount Pleasant, 
larare, Zimbabwe, or from the Secretary General, Association of 
Commonwealth Universities (Appts), 36 Gordon Square, London 


WCIH OPF. 
: Closing date for receipt of completed applications forms is 1 June 


o _(W961)A 





ao HONG KONG BAPTIST COLLEGE 
Head of Physics Department 
Applicants should have (a) a relevant academic/professional 
qualification of at least an MA degree, preferably a PhD degree; (b) 
at least 6 years of post-qualification teaching with a strong basic 
physics training and preferably further experience in Applied 
Physics and/or Industrial Research. Duties will include teachi ng and 
engaging in research work of related subjects and other 
epartmental administrative work. 
y Scale: HK$14,660 to HK$19,030 per month by 6 increments. 
ing. ay will be commensurate with qualifications and 





ages to overseas appointee and other fringe benefits 


uperannuation (College 15%, appointee 5%). long leave 












3 months after every 21 months of service), subsidized 
and medical and dental benefits for appointee and family; 
e appropriate children’s education allowance and 


NEWCASTLE UPON TYNE | TELESCOPE OBSERVA 
DEPARTMENT OF PSYCHIATRY a eee 
LECTURESHIP a AE 
(Non-Clinical) Applications are solicited te) 


Applications are invited from 
suitably qualified science graduates 
for appointment to a post of Lecturer 
in the Department of Psychiatry, 
available from ist October 1984. This 
non-medical post will provide for the 
permanent appointment in a clinical 
| department of a scientist who will 
have the opportunity to pursue 
relevant research in the department’s 
main research interests concerning 
the functions of some neuropeptides 
| and biogenic amines in brain. 
Candidates should have several years 
post-doctoral research experience, 
particularly in advanced anatomical 
| techniques (eg immunocyto- 
| chemistry, axon tracing) at light and 
| electron microscope level, and some 
experience of current neurochemical 
methods employed in the study of 
| aminergic or peptidergic function 
| would be advantageous. 


Salary will be at an appropriate 
| point on the Lecturers’ Non-Medical 
| scale: £7,190 — £14,125 per annum 

| | according to age, qualifications and 
experience. 


Further particulars may be 
obtained from the Senior Assistant 
Registrar (Establishments) (FP), The 

| University, 6 Kensington Terrace, 
Newcastle upon ‘Tyne, NEI 7RU 
















| addresses of three 
lodged not later th 
Please qu 
















ARIS PIN 


o MACRMBRIDGE CE2 Ld” 
MOLECULAR BIOLOGISTS 


required to participate ina project funded for 3 yei 
Rockefeller Foundation to explore whether viral genes i 
into plant chromosomes can induce resistance to subseq 
infection. The work will involve the cloning and characterisa 
plant viral genes, the insertion of these genes into Ti plasmid 

ate describing the transcription of such genes in transfor 
plants. Pe 
Appointment will be at Higher Scientific Officer (salary £7,149 to 
£9,561 pa). Qualifications are a first or upper second class honours 
degree in molecular biology or related subject with at least two. 
years’ relevant experience. Reference CYT/ 164. E 


= SCIENTIFIC OFFICER = 
required to join the winter wheat breeding team. The principal 
responsibility of the person appointed wil be to check the uniformity... 
of advanced breeding lines of winter wheat with respect to 
Segregation for important agronomic characters, including disease = 
resistance and grain quality, in preparation for the generation of == 
nucleus pure stocks. These stocks will have to meet statutory 
requirements for distinctness, uniformity and stability. The team is. 
led by J Bingham Esq FRS. SO a 
Appointment will be at Scientific Officer (salary £5,682 to £7,765- 
pa). Qualifications are a degree in Agricultural Botany or a related 
subject, preferably with relevant post qualifying experience in 
experimental work with field crops. Reference CER/ 168. or 
Non-contributory pension scheme and pending pay awards apply to 
both posts. a 
Applications with curriculum vitae and the names and 
addresses of three referees for the first post and two for the 
second should be sent to the Establishment Officer by 24 M: 




























































































1984, quoting the appropriate reference. DOR 
The Plant Breeding Institute is an Equal Opportuniti 
Employer. | (1874): 







UNIVERSITY OF MULTIPLE MIRROR 









position of staff astronomer 
Multiple Mirror Telescope. {N 
Observatory, a joint facility- 
Smithsonian Institution an 
University of Arizona, located í 
Hopkins 60 km south of 
Arizona. 


Applicants should have a 
degree in astronomy or physics a 
should have extensive experienced i 
optical or infrared astronomica 
instrumentation. MMTO 
astronomers will be expected to gu 
the development of state of the a 
instrumentation for use on the MMT 
by a large community of » users. 
Astronomical spectrographs 
detectors, minicomputers for dat 
acquisition and reduction, (hardware 
























































and software), microwave data trans- 
mission, and optical and IR inter 
ferometric instrumentaiton are are: 
in which expertise is being sought. 


MMTO staff astronomers. wi 
spend a large fraction of their time 
service to the user community, 
are also expected to maintain a 
orous program of astron 
research using the MMTO 
of the applicant's qual 
along with names of three r 
| the follow 









































Fermentatio n/Culture Im provement 


-International Process Development Group 


< Pfizer, one of the world’s leading pharmaceutical companies, is a multi-national organisation with worl 


- wide manufacturing facilities producing an extensive range of science based products, many of which: are 
made by fermentation. 


The International Process Development Group based at Sandwich in Kent is responsible for the 
development of novel approaches to the fermentation and recovery process used in International 
Production, covering all major plants outside of the U.S.A. Due to expansion we are currently seeking 
two new important additions to this group. 


A Fermentation Technologist 


is required to join the Fermentation Process Development Section. You will join a dedicated team, equipped with a 

range of modern fermenters, involved in the development, optimisation and scale-up of fermentation processes at 9 00 on ney 
both laboratory and plant scale. You should hold a good honours degree in a relevant subject and ideally have a post oou 
graduate qualification or previous industrial experience. Our commitment to advancing with technology would make e 

an appreciation of computer control for the optimisation of fermentation processes an advantage. a 


A Microbiologist/ Biochemist 


is required within the Culture: improvement Section. The successful candiate will join an established: team using both ar; 
conventional and recombinant DNA approaches to strain improvement on Streptomyces species. Applicants should © 
have a good honours degree in biochemistry, microbiology or a related subject, preferably with a post graduate 3 
qualification and/or relevant industrial or academic expedrience. | 


These challenging appointments offer a highly competitive basic salary plus a bonus related to personal 
performance. We also offer generous help with relocation. 


We employ some 1400 people, of whom over 250 are graduates, on our Sandwich site which is in pleasant 
rural surroundings, close to coastal resorts, championship golf courses, the Continent and good sailing 
waters. We have a thriving Sports and Social Club with first class amenities. 


lf you are interested in the appointments please send your curriculum vitae, in confidence, to Dr. M.C. 
Hall, Senior Personnel Officer, Pfizer Limited, Sandwich, Kent CT13 SNJ. 


WEST VIRGINIA 


aites applications and 
inations for the position of 


V OF THE COLLEGE OF 
GRICULTURE AND 
‘RY AND DIRECTOR 
THE AGRICULTURAL 
-AND FORESTRY 
XPERIMENT STATION 


he Dean is responsible for all 
cational, research, extension and 
service programs of the College and 
periment Station. Qualifications 
ude.an earned doctorate, a record 

of academic and research excellence, 
a firm commitment to the mission of 
omprehensive land grant univer- 

ty and ability to communicate 
ectively with faculty, staff, 
dents: and representatives of 
imodity groups. Demonstrated 

istrative kadership) is amied, 


m. "i Search Conie, 
Dentistry, Medical Center, 
University, PO Box 


UNIVERSITY 
OF EDINBURGH 
DEPARTMENT OF PHYSICS 
RESEARCH FELLOW 


Applications are invited for the 
position of post-doctoral research 
assistant within the Condensed 
Matter Group in the Physics Depart- 
ment. The research activities of this 
group lie largely in the field of phase 
transitions and critical phenomena, 
and the successful applicant will be 
expected to engage in theoretical 
work in this area, with particular 
emphasis on Monte Carlo studies 
using the Edinburgh Distributed 
Array Processors. Experience in the 
area of phase transitions and with 
computing would be an advantage. 


The position, which is supported 
by the SERC, is available for a period 
of up to three years, and the 
appointment will be made on the IA 
scale at a point commensurate with 
age and experience. 


Applications, giving full details of 
the candidate’s qualifications and 
research interests, should be sent to: 
Dr A D Bruce, Physics Department, 
James Clerk Maxwell Building, 
Mayfield Road, Edinburgh EH9 
35Z. 


Applicants are requested to 


inia | arrange for letters of support from 


I two referees: to Pe sent gnCceye to the | i 


{1955)A 


THE UNIVERSITY OF NEW ENGLAND 
DEPARTMENT OF ANIMAL SCIENCE _ 
LECTURER/SENIOR LECTURER 


IN GENETICS 


Applications are invited for a tenured position in Genetics. Duties w 
include undergraduate teaching in Genetics and animal breedin 
supervision of honours and postgraduate students and reseai 

The applicant should have a broad knowledge of Geneti 
particular expertise in quantitative genetics and its appl 

animal breeding, some preference will be given to applics 
research experience in theoretical quantitative genetics. ‘Applica 
should have a science, agriculture or veterinary degree and 
appropriate postgraduate qualifications. The Department is we 
equipped for Genetic research and is responsible for alt Gen 
teaching in the University. ee 
Appointment to commence as soon as possible. 


Further information may be obtained from the Head of Departmen 
Professor J.S.F. Barker, by writing or telephone (067) 73 2225.. 


Salary: Lecturer: A$23,394-A$30,734 

Senior Lecturer: A$31,390-A$36,585 
Closing Date: 4th June, 1984 
Position No: 468 z 
The appointment will be to the permanent staff but the. ‘Unive; it 
reserves the right to make the appointment probatonely wh Te 
considers this appropriate. . 
Other conditions include superannuation, assistance with } 
removal expenses and with buying or building a house in 


Applications including the names and addresse 
referees and stating the position number should. 
Staff Officer, University of New England, Arn 
2351, Australia, prior to the closing date. 
forward a copy of this advertisement to the 

them to send their reports direct to we Staff Off 


_ Turner, marking. their enve lopes” 
$ and quoting the po ? 





dipalar Guthrie Senilirian Berhad, a leading 
alaysian Plantation Group with diversified interests 


Requires 


 BIO-TECHNOLOGIST 
(TISSUE CULTURE SCIENTIST) 
The successful applicant will be 
responsible for developing tissue culture 
techniques for oil palm and other 
tropical plantation crops for large scale 
commercial production. 


Responsibilities: 


E eancened with Andaren biomedical ci 
successful applicant wilt have already demonstrated. 
research potential in this area with post-doctoral exp 
biology. tt is envisaged that he/she will form a link b 
major research groups: the Cell Biology Unit (Dr Roger L 
major interests in macrophages, proteolysis and the 
effects. of free radicals; and the Parasite immunolog 
(Professor Roland Terry} with major interests. 
immunoconfusion accompanying some parasitic infectio 
other immune evasion mechanisms. In the first instance t 
appointee will probably be engaged in characterising the disordered 
mononuclear phagocytes which are present in certain xperimenta i 
parasitic infections. The person appointed will be expected to teach 
appropriately in the Cell Biology sections of the enhance 
undergradute degree courses in Applied Biology and Applie 
Biochemistry and also to contribute to the teaching o th 
postgraduate course in Applied Immunology. 


Applicants should have a PhD or 
Masters Degree in Biological Science or 
a related disc ipline to tissue culture. A 
minimum of 3-5 years experience in 
developing tissue culture techniques is 
required preferably in oil palm or other 
plantation crops. 

Applications must include photocopies 
of all degrees, reference letters from all 
previous employers and a full 
curriculum vitae. 

Address applications to: 

The Associate Director, Personnel 
Kumpulan Guthrie Sendirian Berhad 

P O Box 12516, Kuala Lumpur 
MALAYSIA. 


~ Qualifications: 


Applications: 


ZURICH 


“The Swiss Federal Institute of Technology in Zurich has an 
| opening for the faculty position of 


s PROFESSORSHIPin 
EXPERIMENTAL ATMOSPHERIC 
PHYSICS 


The teaching duties of the new professor will include 
-advanced courses in atmospheric physics for science 
graduates and basic meteorology courses for engineering 
< cand science students. In research, emphasis is to be placed 
- -onexperimental (including field measurement) work in basic 
-.@r applied atmospheric physics in one (or more) of the 
-< following areas: boundary layer processes, cloud physics, 
-regional circulation systems, aerosols and air pollution 
_ problems. 
The successful applicant will have gained considerable 
ie tific experience after university graduation and 
trated ability to perform high quality research. He 
be prepared to teach at all university levels and to 
both with colleagues within the university and 
institutions. | 
ions, with curriculum vitae and list of 
tions, should be submitted before June 30, 


e President of the Swiss Federal Institute of _ 
rs prung, | ETH- Zoneru, B092 


as soon as 


Applicants must be under 35 years on 1 October 1984 andn 
presently Seoupyig a UGC funded teaching post. Salary wi 


the Lecturer scaie 


7,190 — £14,125 per annum, plus £1,178! 


annum London Allowance, with USS benefits. i 

Requests for additional information and to visit the Dep 
should be made to Mrs Ann Johnston, Department of Ap 
Biology, Tel: Uxbridge (0895) 37188 ext 646. 

Letters of application, accompanied by full curricu 
and the names of three referees, should be addressed to t 
Personnel Secretary, Brunel University, Uxbr g 
Middlesex UB8 3PH, by 25 May 1984. 

Brunel University is an Equal Opportunity ha 


RESEARCH Associate position in | 


molecular endocrinology for a 
physician/scientist with experience in 
insulin receptor biosynthesis, 
processing autophosphorylation 
mechanisms and clinical 
abnormalities. Send C vitae and three 
references to: Donald F Steiner, 
CLSC 739 Department of Bio- 
chemistry, 920 E 58th St, Chicago, IL 
60637. (NW499)A 


UNIVERSITY 
OF NOTTINGHAM 


DEPARTMENT OF PHYSIOLOGY 
AND PHARMACOLOGY 


MEDICAL SCHOOL 
QUEENS MEDICAL CENTRE 
RESEARCH ASSISTANT 
(readvertisement) 


Applications are invited for a 
Wellcome Trust Funded Research 


Assistantship to carry out a study of | 


the effect of histamine agonists and 
antagonists on the release of catecho- 
lamines and indoleamines in the 
CNS. 

Experience in the methods of 
HPLC or neurotransmitter release 
would be desirable. 


The appointment is available from 
August 1984, for one year, in the first 
instance, renewable for a further two 
years with a salary in the range of 
£6,310 to £7, 190 per annum. 


Enquiries may be made to Dr$ J 
Hill or Dr R Mason on (9692) 700111 
ext 3525. Two copies of a letter of 
application and a curriculum vitae, 
naming two refere 


Are rir pa žxocyt 
Chromaffin - 
phosphorylation, calcium- 
proteins, and membrane 
actions. See }C B91: 247 d 
258: 14664. “ 


Send Curriculum Vitae an 
of references to Dr Carl E 
Department of Pharma: 
University of Virginia, € 
ville, Virginia 22908. Ar 
Opportunity /A ffirmati 
Employer. {NA 


UNIVERSITY OF GL 
DEPARTMENT OF GEN 
POSTDOCTORAL POS 

A Postdoctoral position is avail 

in the Department of Genetics for 
years from October 1984, to wor 
with Dr Howard Jacobs on th 
Isolation and Characterisation o 
Nuclear-coded Mitochondrial Gene 
from Mammalian Cells. Thi 
research is funded by an MRI 
Project Grant, and salary will’b 
the appropriate point on Range: 

the scales for Research ani 
Analogous Staff, plus USS be: efits 


Applicants should be famili 
somatic cell genetics 
recomomant DNA eae 


s, should be sent | tw a 





| einen ECOLOGY 


st ‘heeded to join a smali team, looking into the 
: onuclides i in the environment. The appointee will 


mbria and will be responsible for the radiochernical 

id counting instruments, for the development of 
ical techniques and, with assistance, for the 
alpha and gamma emitters in ecological materials. 

be: ypportunity to contribute to the research programme. 


Q ALIFICAT! ONS AND EXPERIENCE: The minimum qualification 
for the post is an honours degree. Previous experience: is essential. 


SA LARY: The appointment will be to Higher Scientific 
Officer/ Senior Scientific Officer grade with a salary scale of £7,149 
— 9.561 for HSO or £8,970 — £11,476 for SSO. Starting salary will 
be according to age, qualifications and experience. — 


Ti -Natural Environment Research Counci is not a government 
Dep: rtment but conditions of service are similar to those of the Civil 


ice tion forms and further details are available from: 
ishment Section, Institute of Terrestrial Ecology. 68 
oad, Cambridge CB2 1LA, (Tel: 0223 69745). 


ote reference number 229. The closing date for 
ions is 18 May 1984. {1912)A 


‘Natural Environment Research Council 


GLASSHOUSE CROPS 
RESEARCH INSTITUTE 
CROP PROTECTION 
DIVISION 


THE UNIVERSITY 


NATOM IST in the Depart- 
wnatomy and the Neuro- 
esearch: Group in The 
of Calgary, Faculty of 
Appointment at Assistant 
te Professor, salary on 
scale will be determined 
o-experience and qualifica- 
quires MD or PhD, at least 
$ post-doctoral research 
idence of a productive and 


iste neuroanatomical research 


and experience teaching 
ü graduate neuroanatomy. 
ity will be to establish and 
n. original, independent 


BIOTECHNOLOGICAL 
APPROACHES TO STRAW 
UTILIZATION 


Two vacancies are to be financed by 
the Agricultural Genetics Company 
for 2 years with possible extension, 


I A Microbiologist/Plant Scientist 
{grade HSO 17/550) is required to 
isolate microbial inoculants to hasten 
straw biodegradation. Small-scale 
testing of their efficacy under 
laboratory conditions will be 
undertaken. 


2 A Microbiologist/Soil Scientist | 


(grade HSO H) is required to produce 
and formulate existing microbial 
inoculants for production on a scale 
suitable for field-scale testing. 


Qualifications required are first or 
upper second class honours degree 


Scholarship from the Albera 


eritage Foundation for Medical with 2-4 years relevant post- 


qualifiying experience for HSO 
1/SSO grade and a degree or HNC in 
a relevant subject with at least five 
post-qualifying years relevant 
practical experience for the HSO H 
grade. 


Salary £7,149 -— £9,561, HSO 
grade; £8,970 — £11,476 SSO Grade, 
depending upon qualifications and 
experience. Non-contributory super- 
annuation scheme. Annual leave 22 
days. 

Application forms and further 
details from Administrative 
Assistant, Glasshouse Crops 
Research ae Worthing Road, 


_accordance with Canadian 

igration requirements, this 
tisement is directed to Canadian 
id} 


of panne interests and 
rao names of three 


Ei tlehampton, W fy | | Lacey 


_Le centre de recherche PFIZER recrute pour - 
renforcer son département biochimie un _ 
cadre biochimie analytique. T 


Le poste nécessite la maftrise des techniques 
analytiques (HPLC, GLC) et de bonnes 
connaissances en chimie analytique, en phar- 
macocinétique et métabolisme de: 
médicaments. ig 


L'encadrement d'un groupe de techniciens, 
la mise au point de techniques, la prépara 
tion des rapports nécessitent une expérien 
de quelques années. Une bonne connais 
sance de l'anglais est impérative. 


Lieu de travail : AMBOISE (37), 


Adresser C.V., photo et prét. au Chef du Pe 
sonnel - Laboratoires PFIZER - B.P. 109 - 
37401 AMBOISE Cedex FRANCE. (wos3)a 


MERCK SHARP 
& DOHME-CHIBRET 


SUBSIDIARY OF MERCK AND CO. 
seeks for a 


GROUP LEADER 


MSD market Timoptic® the market leader in the TEE, A 


glaucoma, The commitment of MSD Research Laboratories AG 


ocular research has been reflected in the reecent construction of: 


an ultramodern research facility located in an attractive region ine 


France. 5 
We are seeking a Group Leader for our Department of Pharmaco: 


logy. The person will be responsible for He running of a very walk 


equipped laboratory and his (her) duties wii! include originating and. 
conducting novel research AEE DA Ss 
The successful candidate will posere a broad experience iri both a 


ee and cardiovascular pharmacology. Applicants are o 


required to have a Ph.D or equivalent with 2 years or more past 
doctoral experience and an established research record; as: 2 
demonstrated by a significant bibliography of B eee 
The salary will be appealing to candidates of a high calibre: and 
career prospects are good. A working Knowledge of Freng 
desirable but not essential. However, applicants should be v 
to learn the language, for which facilities wil be provided. 


Piaase send C.V. together. with list of pu 
tons and/or other scientific accomp 
to : Direction du Personnel, 

Wace SHARP & sO Sas gnent, 





FOOD RESEARCH INSTITUTE. 
Microbiology Division 


ost No. 83/26 SCIENTIFIC OFFICER/HIGHER SCIENTIFIC 
OFFICER | 


A MICROBIAL. GENETICIST i is required to work in a group 
studying the genetics of methanogenic bacteria. The long term 


or objectives of the group are to develop gene transfer systems, so 
that strains. of methane producing bacteria of improved efficiency 


in anaerobic digestion processes may be produced. 


< Methanogens are rigorous anaerobes which can only be cultured 
in conditions of strict anaerobiosis. Genetics methods are not yet 


< established and techniques applicable to Eubacteria may not be 


directly applicable to these Archaebacteria. The immediate aims 


<o are to produce genetically marked strains, to isolate potential 
«vectors and to establish techniques for generating viable 


~~ protoplasts. 


ee ‘Qualifications: 
_.. First or upper second class honours degree in a relevant subject, 
> with at least 2 years relevant post-qualifying research experience 


o jn microbial genetics for appointment at Higher Scientific Officer 
z level, and preferably a PhD 


_ Nutrition and Food Quality Division 
Post No. 84/1 SCIENTIFIC OFFICER 


< This post is one of two such posts in the Intake Measurement 
Group. The. person appointed will be concerned with studies of 
food intake using a variety of techniques and the preliminary 
processing of data from these studies. The post calls for an 
interest in, and an aptitude for, working with people and some 
dietetic experience is desirable. The studies will be primarily 
anducted | in the Norwich area; a valid driving licence is 


A degen | in Nutrition of Dietetics with some dietetic experience. 


Salary scales: Scientific Officer: £5,682 — £7,765. Higher 
Scientific Officer: £7,149 — £9,561. 

~ Non-contributory superannuation scheme. 

- The Agricultural and Food Research Council is an Equal 
Opportunities Employer, 

Further particulars and application forms from the 
Secretary, Food Research Institute, Colney Lane, Norwich 
NR47UA, quoting the appropriate reference number. 
Ciosing date: 18 May 1984. 


BIOTECHNOLOGISTS! 


Are you reading Bio/Technology, the 
International Journal for Industrial Biology? 


For a free sample copy of this new monthly 
J urnal from the Publishers of Nature, please 
rite or phone: 


_ Felicity Parker 
= Bio! Technology 
Houndmills Industrial Estate 
_ Brunel Road, Basingstoke 
oe Hampsire, UK 


RESEARCH ASSISTANT I IN 
BACTERIAL 
MOLECULAR BIOLOGY 


Applications are invited for research | 
on the genetic dissection of E.coli | 


RNA polymerase, a project involving 


standard molecular biological | 


techniques. 


This Grade 1A position, supported - 


by the MRC, is initially for one year, 


extendable for a further two years, | 


the deepens o ho 
and strategies of diseas 


Appointment wili- p 
pera Officer { lar 


with a starting salary of £7,190 per | S 


annum including USS benefits. 


Applicants possessing a 2(i) or | 


higher in an appropriate degree 


should send a curriculum vitae and | 
the names of two referees to Dr | 
Department of | 


Robert E Glass, 
Biochemistry, Queen’s Medical 
Centre, , 
(Telephone: 0602 700111 extension 


| 3395) from whom further inform- 


ation may be obtained, (I918)A 


RESEARCH Associate — perform 
research using Nuclear Magnetic 
Resonance to investigate DNA 
conformations and effects of cancer 
related drugs on biological systems. 
Drug-DNA interactions using 
2-dimensional NMR, Deuterium 
NMR studies of selectively 
deuterated nucleotides. Protein- 
inhibitor interaction. PhD required 
in chemistry. 3 years research 
experience with demonstrated ability 
in NMR relaxation methods, 
deuterium NMR of proteins and 
biopolymers, 2-dimensional NMR 
techniques and working knowledge 
of NMR instrumentation required. 
40 hrs/wk, $23,000/yr. Location: 
Bethesda, MD. Send résumé to 


Maryland State Job Service, 1100- 


North Eutaw Street, Baltimore, MD 
21201. Refer to Job Order Number 
0481337. (NW503)A 


THE UNIVERSITY OF 
SHEFFIELD 
DEPARTMENT OF ZOOLOGY 
POSTDOCTORAL 
RESEARCH ASSISTANT 


| A neurophysiologist is required to 

work with Dr, J.B. Messenger on a 
| project, funded by SERC, investigat- | 
ing the neural correlates of colour | 
| change in cephalopod molluscs. 


Prior knowledge of cephalopods is 


| not necessary but experience in intra- 

| cellular recording techniques is essen- 

| tial and familiarity with iontophore- 
sis would be an advantage. 


The successful candidate would 


}| have to spend part of the year at 
| laboratories in Plymouth and in | 
France (Banyuls). Tenable from i` 
| October 1984 for 3 years. Initial 
| salary £7,190 — £8,530 a year on | 
| Range IA. 


Nottingham, NG7 2UH | 


in plant pathology 
for HSO and 4 years fo 


Applications, with 
vitae, and the names and addresses 


three referees, should be sè 


Establishment Officer’ b 
1984, Please quote: 
Path/171. : 


Further particulars . 
request. The Plant Bree 


| is an Equal Opportunities E 


UNIVERSITY OF B 
SCHOOL OF BIOLOGIC! . 
Applications are in 


APPOINTME 


| to start on October 1 


years, to work on an 
project investigating th 
opioid substances on è 
function in fishes. = 


and/or histology. 


Salary up to £8,530 pa accor 
qualifications and experi rice. 


Application forms 
Personnel Officer, Unive 
Bath, BA2 TAY, quoti 
84/60. Closing date: al. ae 


CHARING C ROSS: 


(University of Londo 
RESEARCH ASSIST/ 


Applications are invited for a 
year post funded by the Wellcome. 
Trust to work with Dr A K Allen 4 
the Department of Biochemistry on 
the structure, function. : 
Biosynthesis of cell surfai 


| glycoproteins of Trypanosoma cru 


and related protozoa.. Previot 


| experience of work on membr 


glycoproteins is preferred, mh 


| experience of parasitic: protezo 


not essential. 


Starting salary between £ a 
£7,630 plus £1,186 Lows 
Allowance according | to. age “a 
qualifications. ao 





Vis 10 N | OF RESE | 


NATIONAL INSTITUTES OF HEALT 
_ PUBLIC HEALTH SERVICE : 
EPARTMENT OF HEALTH AND HUMAN SERVIC 


_. The National Institutes of Health (NIH), Division of Re- 
search Resources (DRR) invites nominations and applications 
r the position of Health Scientist Administrator (Biomedical 
siences), GM-601-14 in the Biotechnology Resources Program 
Branch (BRP). | 
- -This is a Civil Service position with a salary range of $42,722 
© $55,538 per annum. 
: The Biotechnology Resources Program Branch is responsi- 
for the administration of a program currently supporting 
source Centers which serve as regional and national re- 
irces for the acquisition, development and maintenance of 
phisticated technologies including instruments, and 
pplication of the technologies to study biomedical research 
roblems. The Health Scientist Administrator is responsible for 
1e administration of assistance and procurement awards to 
1e centers. The administrator conducts visits to grantee or 
otential grantee institutions, plans workshops, symposia and 
ther ad hoc meetings, and serves as Executive Secretary of 
‘ne Biotechnology Resources Review Committee. 
— Applicant must possess research experience in biomedical 
omputer sciences or biomedical engineering, and meet the 


THE NATIONAL INSTITUTES OF HEALTH IS AN EQUAL OPPORTUNITY EMPLOYER. 


UNIVERSITY OF 
ST ANDREWS 


UNIVERSITY OF 
CAMBRIDGE 


ARTMENT OF APPLIED 
- MATHEMATICS 


DEPARTMENT OF BIOCHEMISTRY 
ELECTROCHEMIST/ 
BIOCHEMIST 


POSTDOCTORAL 
RESEARCH ASSISTANT 


-OSTDOCTORAL 
SEARCH ASSISTANT 


minimum requirements for Health Scientist Administrator: 
(a) Minimum educational requirements requires a Ph.D. (Or 
equivalent) in a academic field of science allied to healthor. = 
health related research, plus ase ae 
(b) One year of experience in research program administration- 
in which professional judgments require the application of .. 
scientific knowledge of health or health related research to 
plan, review, and evaluate research projects, and to access... 
accurately the significance of results and progress os 
accomplished. ee 
Further information concerning the position and qualifi- 
cation requirements may be obtained by contacting Ms. 
Pathenia A. Wiggins at (301) 496-1524. Applications (Persona 
Qualifications Statement, SF-171) accompanied by a current- 
curriculum vitae and bibliography should be submitted to Ms 
Wiggins at the DRR Personne! Office, National Institutes of 
Health, Building 31, Room 5806, 9000 Rockville Pike, Bethesda 
Maryland 20205. Applications should be post marked no later 
than May 31, 1984. ag. te 
Applications from women and minority group members 
are especially solicited. | 


(NW498)A 


SCIENTIFIC EDITOR 


The Society for General Microbiology has vacancies for persons tod 


neighbourhood. f 
Applications in your own handwriting, together witha ctu 
vitae and the names of two referees, should be sent 
Sinclair, Harvest House, 62 London Road, Reading, Berk: 


plications are invited for the 
above three year appointment com- 
mencing 1 October 1984 at an initial 
alary in the range £7,190 to £7,630 
per annum, plus USS. 


The- post is funded by an SERC 
Research Grant and will involve the 
theoretical study of radio frequency 
heating of magnetically confined 
slasmas as part of a programme of 

search being carried out in 
collaboration with UKAEA Culham 
Laboratory. Some knowledge of 

asma physics or a related discipline 
and the use of computers would be an 
advantage. 


er particulars may be 
from the Establishments 
_The University, College 
“Andrews, F 


Applications are invited from 
suitably qualified individuals to work 
with Dr P R Rich on a project funded 
by the Venture Research Unit of 
British Petroleum Company p.l.c. 
The work will involve the application 
of electrochemical and spectrophoto- 
metric techniques to aspects of bio- 
logical electron transfer processes, 
particularly those of photosynthesis 
and respiration. An electrochemist 
with an interest in biological systems, 
or a biochemist with a chemical back- 
ground, would be most suitable. 


The post is available immediately 
for up to three years with a starting 
salary of £8080 (under review) 
according to age and experience. 
Further details of the project may be 
obtained from Dr Rich. Applications 
containing a curriculum vitae and the 
names of two referees should be sent 


|as soon as possible to The Super- |: 
intendent, Department of Bio- } | 
ee ei *. € c. x Ea l 


+ 


iversit 


THE UNIVERSITY OF WISCONSIN — MADISON 7 
CELLULAR/MOLECULAR BIOLOGIST age 
invites applications for a tenure-track faculty position in the general area o 
structural cellular or molecular biology beginning on or after. 1 January 
1985. The eppoi mem could be made at the Professor, Associate 


Professor or Assistant Professor level, depending on the qualifications of 


the candidate. The candidate would be expected to carry on an active 


research program and serve as Director of the High Voltage Electror 
Microscope (HVEM) Laboratory or, in the case of an appointment. at ie 
Assistant Professor level, be prepared to assume the Directorship in the 
future. The HVEM Laboratory is a National Biotechnology Resour 
roviding specialized instrumentation for biomedical structural research 
including a 1 MeV electron microscope, facilities for electron 
crystallography, and with plans for the addition of low-voltage scanning 
electron Mabel oe and video-enhanced light microscopy he 
candidate's research should be directed at a fundamental biolo! 
biomedical problem and might employ, for example, -el 
crystallography, image analysis of macromolecular complexes or 
of cell structure. Depending on the background and research ar 


- statement of 
-Professor Gar 
| Biology, 1525 L 
sconsin 





©The successful candidate will be responsible to the Hydrocarbon 


Stas Data Administrator for: 
‘4. Installation 


Support, security, maintenance and documentation of the 


system. 
. Staff - 


Management of the operator(s) 


Programming 


(a) systems: to optimise and enhance usage of the 


installation. 


ib} Applications: implementation, modification and support of 
digitising and graphics program packages. 
Applicants should have a degree in a relevant subject and at least 5 


years computing experience. 


o -The successful candidate will join at Senior Scientific Officer level 
~ (£8,970 — £11,476 pa). Salaries are under review. 


~The appointment will be for a period of three years after which 


i service in NERC Computing Service may be possible. 
oe ‘NERC is nota government department but conditions of service are 
¿similar to those of the Civil Service. 
“For further details and an application form, write to 
ecruitment Section, British Geological Survey, Keyworth, 


Nottingham NG12 5GG. 


-tosing date for receipt of completed application forms is 17 


May 1984. Please quote reference SS; Cl/ GT/ 1. 
Natural Environment Research Council 


OSTDOCTORAL POSITION 
available 1 May 1984 fora 
~»CRYSTALLOGRAPHER 
ested in the determination of 
ir polymer structures. Research 
folves the quantitative use of 
tron diffraction intensity data 
1 Microcrystalline preparations 
rystal structure analysis and 
rds the opportunity to learn 
usual aspects of diffraction 
ysics not frequently encountered in 
ray crystallography. Familiarity 
X-ray crystal structure analysis 


EDICAL RESEARCH 
oy. COUNCIL 
TONAL INSTITUTE FOR 
‘MEDICAL RESEARCH 
Division of Immunology 
Applications. are invited for a 
postdoctoral position in the 
_ Division of Immunology to work 


: with: Dr_G.G.B. Klaus on early | 


events in the activation of B- 
_lymphocytes. by various agents. 
The appointment will be for 3 
years from ist October 1984. 
experience in tissue culture 
and/or biochemistry would be 


Salary will be in the range | 


io s should include a 


jum vitae and the || 
of two referees and ||- 


eDi 


(1883A 


and computing is most desirable and 
some knowledge of electron 
microscope operation would be 
useful, but is not essential. Initial 
appointment is for one year with 
extension negotiable. Salary is ca 
$15,000/annum. 


Applicants should send curriculum 
vitae and three references to: DrD L 
Dorset, Electron Diffraction Depart- 
ment, Medical Foundation of 
Buffalo, Inc, 73 High Street, 
Buffalo, New York 14203. 

(NWS00)A 


CAMBRIDGESHIRE 
COLLEGE OF ARTS AND 
TECHNOLOGY 


PRINCIPAL LECTURER IN 
GEOLOGY 
(Head of Geology) 
Required to lead the Geology Section 
within the Department of Science. 
Applicants should possess a PhD 


| in Geology or a related subject, be 


experienced in teaching Geology to 
honours degree level, and be active in 
research, 
The ability to teach one or more of 
he following to honours degree level 
will be a distinct advantage: 


economic geology, geophysics, 


engineering geology, other applied or 


H industrial aspects of geology. 


Salary 
8 {B 


mecOUNcIL || 
NATIONAL INSTITUTE FOR | 


MEDICAL RESEARCH . 


DIVISION OF BIOCHEMISTRY | 


Applications are invited for a post- 
doctoral position in the Division of. 
Biochemistry to work with Dr N. M. | 


| Green, FRS. The project is in the | 


field of protein chemistry and 
applicants should preferably have 
isome experience in organic 
chemistry. The aim of the project 
will be to develop new 
photochemical reagents for 
labelling and identifying functional 
sites of the Ca*” transporting 
ATPase of sarcoplasmic reticulum 
and related proteins. Parallel work 
| on crystallisation is also envisaged. 
|The salary will be in the range 
£8,530 — £10,250 per annum plus 
£1,186 London allowance, with 
superannuation provision. 
Applications should include a 
curriculum vitae and the names of 
two referees and should be sent to 
| the Director, National Institute for 
Medical Research, Mill Hill, London 
NW7 1AA before 31st May 1984 
quoting ref: BCH/6/M. (1930})A 


EEE Ea ee Se arn a ee 
UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF APPLIED 
MATHEMATICS 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for the 
above three year appointment 
commencing 1 October 1984 at an 
initial salary in the range £7,190 to 
£7,630 per annum, plus USS. 


The post is funded by an SERC 
research grant and will involve the 
theoretical study of radio frequency 
heating of magnetically confined 
plasmas as part of a programme of 
research being carried out in 
collaboration with UKAEA Culham 
Laboratory. Some knowledge of 


plasma physics or a related discipline _ 


and of the use of computers would be 
an advantage. 


Further particulars may be 
obtained from the Establishments 
Officer, The University, College 
Gate, St Andrews, Fife KY169AJ, to 
whom applications (two copies 
preferably in typescript), including 
C.V., list of publications and the 
names of two referees, should be sent 
to arrive not later than 25 May 1984. 

(1901)A 


Applications are invited. fi 

above Lectureship in the Depa 

of Experimental Pathology unde 

UGC’s “New Blood” initiative. 

post is available from ist O 

1984 and candidates should no: 

be aged 35 or under, > 
Applicants should be in the 

position of initiating and carrying out 

a research programme in the field of 

the transport and chemical pro- 

cessing of viral proteins within cells. 
Salary in range £7,190-£14,1 25 per 

annum (under review) plus £1,186 per 

annum London allowance. = €o oOo 
Applications (no forms), including. 

a full cv and names and addressed o 

two referees, should be 

Assistant Secretary (Pe 

University College London 

Street, London WCIE 6B 

later than 8 June 1984. 


INSTITUTE OF CA 
RESEARCH | 
There is a vacancy for a 
POST-DOCTORA, 
SCIENTIST —. 

to work in the Institute's J 
therapy Research Laborate 
Sutton, Surrey. The suc 
applicant will join a team of 
who are investigating the radiobi 
of human tumours. This is an ex 
area of research at the prese 
which there are good pros 
increasing our understanding 
clinical response of cancer to radi 
treatment. The work will in 
Studies on cell suspensi 
multicellular spheroids, and ht 
tumour xenografts. The modific 
of radiosensitivity by drug t 
will be an important aspec 
work. Experience in radiobiolo 
tissue culture would be an advz 
Appointment to 31.3.86 in firs 
instance. Salary in scale £7,1 
£9,425 pa, plus London Allo 
£1,186 pa. 


Applications in duplicate with t 
names of two referees to the Personnel 
Officer, Institute of Cancer Research, 
34 Sumner Place, London SW7 3NU, 
quoting ref: 300/G/48. (1923)A, 
















Mechanisms of Stimulus Response Coupling In 
Platelets 
A Symposium 
27th & 28th September 1984 
Institute of Psychiatry, De Crespigny Park, 
London SE5, United Kingdom 


Platelet receptors 










D. Barnett UK N.J. Cusack UK N. Crawford UK 
T. Detwiler USA P.P.A. Humphrey UK R.L. Jones UK 
G. Marguerie France S. Shapiro USA D. Tuffin UK 






B.J.R. Whittle UK 


Control of calcium mobilisation 

F. Carey UK EF. Luscher Switzerland D.E. Macintyre UK 
R.H. Michell UK T.J. Rink UK E, Salzman USA 
M.C. Scrutton UK J. Westwick UK 


Phosphorylation of platelet proteins and nucleotide 

metabolism 

M. Castagna France J.M. Gerrard Canada R.J. Haslam Canada 
H. Holmsen Norway A.M. White UK 

Products of shospholips metabolism 

M. Chignard France A. Lagarde France G.P. Lewis UK 

S. Moncada UK J.B. Smith USA J.R. Vane UK 

R.B. Wailis UK 


Functional platelet responses 
















EM. Bevers Netherlands G.V.R. Born UK J. Caen France 
V. Ellis UK J.L. Gordon UK R.M. Hardisty UK 
V.V. Kakkar UK D.A. Lane UK M.F. Scully UK 





This symposium will provide a forum for critical assessment of recent 
- developments in understanding of the molecular events in platelet 
stimulus response coupling. The programme has been devised to 
provide a comprehensive and structu red view of current 
developments. it is hoped that such a symposium will suggest 
| appropriate strategies in the future development of drugs to 
| modulate platelet function. 


e symposium proceedings and discussions will be published 
“promptly. The number of participants will be limited to 250, and 
registration deadline is 1 August 1984. Address for detailed 
programme and registration form: Elizabeth Wilson, Administrative 
Secretary, c/o Dr. J. Westwick, Thrombosis Research Unit, King’s 
core. School of Medicine & Dentistry, Denmark Hill, London 
SE5 8RX, United Kingdom. Tel: 01-274 6222 ext 2442/2444. AN 
(1902) 















































ANNOUNCING 


The UICC 
Fukuoka Symposium 1984 


on 


l Fundamentals and Clinical Aspects 
of Digestive Tract Tumors 





Sept 20 — Oct 2, 1984 
Fukuoka, Japan 


Carcinogenesis, Tumor Characteristics, 

New Trends in Cancer Diagnosis, 
Long-term Survival and Combined Modality, 
Multidisciplinary Approaches to Cancer Prevention 
will be the topics discussed by forty-eight 
International invited Lecturers. 


Information and Circulars 


Kiyoshi Inokuchi, M.D. 
Chairman 
Department of Surgery il 
Faculty of Medicine 
Kyushu University 
Fukuoka 812 


Japan (W931)M 


SEMINARS and SYMPOSIA > o o o 
T TENTH EMBO ANNUAL SYMPC 


| [WANTED AND FOR SALE | | 













nature 


Control of Transcriptio 
in Eukaryotes — 

24—27 September 1984 
EMBL Heidelberg (F.R.G.) 


Invited speakers include: 


M. E. Akam (Cambridge: V. G. Allfrey (New York); M. Beato $ 
(Marburg); P. Borst (Amsterdam); F. Cuzin (Nice): E. M. De Robertis F 
W. J. Gehring (Basel); F. G. Grosveld (London); |. Grummt. F 
(Wurzburg); P. Gruss (Heidelberg); L. Hereford (Boston); A. Johnson E 
{San Francisco); C. Kédinger (Strasbourg); W., Keller (Heidelberg); U. E 
Laemmli (Geneva); T. Maniatis (Cambridge, USA); K. Nasmyth $ 
(Cambridge); M. S. Neuberger (Cambridge); C. S. Parker (Pasadena); $ 
M. Revel (Rehovot); R. G. Roeder (New York); W. Schaffner iZiirichi: E 
U. Schibler (Lausanne); W. T. Schrader (Houston); G, Schutz § 
(Heidelberg); A. Sentenac (Gif-sur-Yvette); P. A. Sharp (Cambridge, _ 

USA): T. Shenk (Stony Brook); K. Struhl (Boston); G. Tocchini- | 


Valentini (Rome); C. Weissmann (Zurich), N. M. Wilkie (Glasgow); 


R. Yamamoto (San Francisco}; M. Yaniv (Paris) 
Although the main theme of the Symposium is the contr 
transcription in eukaryotes, some aspects of RNA processing wi 
be discussed. : 


ed 


sessions will be held in the mornings and evenings of 24 
September, and the morning and afternoon of 27 September. 
will be poster sessions in the afternoons of 24 ~ 26 Se 

inclusive, to allow participants to present their work. itis i 

to organize informal workshops during the Sympos 
which, depending on the posters received, may 
genes, cell-type specific gene expression, promoter organization af 
the structure of active chromatin. DE 


Applications for participation, including a curriculum vitae, a bri 
description of current research interests, and a 1-page {DIN | 

abstract of your poster, if you wish to present one, should be sen 
Dr. J. Tooze, Executive Secretary, EMBO, Postfach 1022.40, D 
Heidelberg, F.R.G. e 


Heidelberg, and a smali number i be availa 
in the EMBL Guest House. The registration fee does NOT cover the c 
of accommodation. ie ae 


Applications should reach Heidelberg by 1 June 1984. The facilities 
available make it necessary to restrict the number of participants to- 
about 220 and, therefore, the Organizing Committee may be obliged to 
make a selection from the applications received. Those accepted will be. 
notified by 31 July 1984 at the latest. The registration fee shot ld NOT be 





sent until you have been notified of your acceptance for the 
Symposium. TSE 
Organizing Committee: L. Philipson (EMBL Heidelberg) — Chairman, 
M. Birnstiel (Zürich), P. Chambon (Strasbourg), R. Cortese (EMBL 
Heidelberg), H. Pelham (Cambridge), J. Tooze (EMBO).  (W715)M_. 







APPOINTMENTS WANTE 
advertise your qualities and qua 
cations through the most influen 





Scientific and Technical 








Reviews. : ee 

Please inquire for runs or science weekly in the world a 
single volumes special reduced cost of 50 ceni 

g ee word. (Personal Box Num! 
SANTO VANASIA, $10.00). ae 


58 Via M. Macchi, 
90124 MILANO, Italy. 
(W5ATIL 


Please mention 


Advertisements must be pre-paid 
sent to: Nature Classified ¢ 


Al 
Wid), 15 East 26 Street, New Y 
NY 10010. g 
















when 







eplying to || Ese 


dve nents. 
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(Basel); A. van der Eb (Leiden); H. Eisen (Paris): D. Gallwitz (Marburg); E 


TURSHI U pU 











be discussed. 


host laboratory. 


acceptance. 
Applications: 


; | 1984 at the above address. 








UTON COLLEGE OF HIGHER 
EDUCATION 

LEA RESEARCH STUDENTSHIP 
in the Geology of Stratabound 
Mineral Deposits 
plications are invited from 
uates with a first or upper 











e successful applicant will carry 
investigation of the Palae- 
oig iron- ores of Caledonides of 


W 






E G Taylor with the 









Dr Taylor, Luton College of H.E., 






iday 25th May 1984. 
eds C.C. is an equal opport- 
ities employer) (1879)F 





UNITED MEDICAL AND 
_ DENTAL SCHOOLS OF 
_3UY’S AND ST THOMAS’S 
HOSPITALS 
PAEDIATRIC RESEARCH 
UNIT AT GUY’S 
_ PhD STUDENTSHIP IN 
MOLECULAR BIOLOGY 













F Giannelli, 






ir IX. and 






lecular biology an advantage. 










arch Unit, 











EMBO COURSE 
BIOTIN-LABELED DNA 
in MOLECULAR GENETICS 
December 3-8, 1984 
Laboratoire de Génétique Moléculaire, 
Institut Jacques Monod, 2 place Jussieu, 

75005 Paris, France. 


Programme: A practical and Lecture Course detailing the 
preparation and use of non-isotopicaily labelled polynucleotide 
probes, hybridization procedures, (Southern dot, colony, plaque 
and in situ) will be performed. Other applications of these probes as 
affinity reagents for the purification of nucleic acids and proteins will 


The teaching staff will include: David Ward (Yale University, New 
Haven), Pennina Langer-Safer (Roche Institute, Nutley) and Laura 
Manuelidis (Yale University, New Haven); and researchers of the 


Cost: There will be a $100 registration fee (not covering 
accommodation or boarding) payable following notification of 


A letter of application together with a short 
Curriculum Vitae and a statement of interests and reasons for 
applying should be sent to Dr. G. Bernardi before September 30, 





continued on pages 20 & 22 
STUDENTSHIPS 








flaboration of Dr A V Bromley of 





rk. ow are, Luton LUT 3JU by 





available for student with very 
jd academic record wishing to 
estigate, under the supervision of 
the gene defects 
sing deficiency of coagulation 
haemophilia B. 
‘vious project work or experience 


‘urriculum vitae, with the names 
© referees, should be sent to the 
inistrative Assistant, Paediatric 
Prince Philip 
arch. Laboratories, Guy’s 
F, London Bridge, London SE! 
keu 






















(W946)C 











MEAT RESEARCH 
INSTITUTE 


AFRC — RESEARCH 
STUDENTSHIP 


Applications are invited for a 3 year 
AFRC Postgraduate Studentship at 
the Meat Research Institute to study 
proteinase activities in muscle. The 
work will include the production of 
monoclonal antibodies for the 
development of immunoassays and 
immunohistochemical location of 
specific proteinase. 


Candidates must hold (or expect to 
gain) a First or Upper Second Class 
Honours degree in Biochemistry or 
Cell Biology and will be expected to 
register as a Ph.D Student at the 
University of Bristol. 


Applications forms and further 
details from: The Personnel Officer, 
Meat Research Institute, Langford, 
Bristol BS18 7DY. (1935)F 


UNIVERSITY OF ESSEX 
SERC CASE STUDENTSHIPS 


Applications are invited for a CASE 
Studentship, tenable in the Physics 
Department and in collaboration 
with the Allen Clark Research Centre 
of the Plessey Company to 
investigate conduction processes in 
GaAs/(GaAl) As _ heterojunctions 
grown by MOCVD methods. 


Applicants, who should possess or 
expect to gain a Ist or 2{i) honours 
degree in Physics, should send their 
curriculum vitae (including the 
names of two referees) to the Depart- 
mental Secretary, Physics 
Department, University of Essex, 
Wivenhoe Park, Colchester CO4 
3SQ, from whom further particulars 
may be obtained, not later than 31 
May 1984 quoting reference N. 

(1884)F 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF PHYSIOLOGICAL 
SCIENCES 
THE MEDICAL SCHOOL 
Applications are invited for an 


MRC FUNDED THREE- 
YEAR PhD STUDENTSHIP 


to investigate the origin, compo- 
sition, physical and biochemical 
properties of middle ear effusions in 
chronic secretory otitis media in 
children. Candidates should have, or 
should expect to obtain, a First Class 
or Upper Second Class Honours 
Degree in Physiological Sciences, 
Biochemistry or a related subject. 


Further details can be obtained 
from Dr J P Pearson, Department of 
Physiological Sciences, The Medical 
School, The University, Newcastle 
upon Tyne NE1 7RU, to whom letters 
of application including a curriculum 
vitae and the names of two academic 
referees should be sent as soon as 
possible. (1892)F 


UNIVERSITY OF 
NOTTINGHAM MEDICAL 
SCHOOL 
DEPARTMENT OF BIOCHEMISTRY 
SERC STUDENTSHIP IN 
MICROBIOLOGICAL 
BIOCHEMISTRY 


Applications are invited from final 
year students in an appropriate field, 
who expect to achieve first or upper- 
second class honours, for an award 
tenable for three years. The 
successful applicant will register for a 
PhD degree and will be involved in a 
study of the regulation of 
extracellular toxin formation in 
Staphylococcus aureus. 


Applications giving details of 
academic record and the names of 
two referees should be sent to Dr G 
Coleman, Department of Bio- 
chemistry, Nottingham University 
Medical School, Queen’s Medical 
Centre, Nottingham NG7 2UH. 

(1942)F 


UNIVERSITY OF 
CAMBRIDGE 
THE BIOTECHNOLOGY 
CENTRE 


SERC BIOTECHNOLOGY 
PhD STUDENTSHIP 


Applications are invited from 
graduates in appropriate disciplines 
for a research studentship in bio- 
sensors commencing in July 1984 and 
tenable for three years. The project 
will involve the development of 
immunologically-sensitised field 
effect transistors for application in 
clinical diagnostics and will be under 
the supervision of Dr C R Lowe. 


Applicants must hold, or expect to 
gain, a first or upper second class 
honours degree and should send a 
curriculum vitae together with the 
names and addresses of two referees 
to Dr C R Lowe, The Biotechnology 
Centre, University of Cambridge, 
Downing Street, Cambridge CB2 
3EF. (1937F 


UNIVERSITY COLLEGE OF 


WALES, ABERYSTWYTH 
Welsh Plant Breeding Station 
ARFC RESEARCH 
STUDENTSHIP 
Applications are invited for ay 
AFRC Research Studentship tenable 
from October 1984 to investigate: 
“The genetic control of self and cross 
fertility and its manipulation in 

Lolium” 


The successful candidate, who 
should possess or expect to gain a 
good Honours degree in Genetics, 
Botany or an allied discipline, will be 
registered with the University of 
Wales for a higher degree. 


Applications, including the names 
of two referees, should be submitted 
before 1 June 1984, to the Secretary, 
Welsh Plant Breeding Station, Plas 
Gogerddan, Aberystwyth, Dyfed 
SY23 3EB, from whom further 
particulars can be obtained. 

(1907)F 


CASE STUDENTSHIP 
UNIVERSITY OF 
NOTTINGHAM/ICI 
CORPORATE 
BIOSCIENCE GROUP 


A CASE Studentship is available; 


from Ist October, 1984 to study 


mamary ‘cell lines”. This wea with s 


transfected genomic clones will be co- 
supervised by Dr J Windass at ICI 
and Dr R J Mayer, Department of 
Biochemistry, University of 
Nottingham Medical School, 
Queen’s Medical Centre, Clifton 
Boulevard, Nottingham NG7 2UH. 


Applications should be sent to Dr 
R J Mayer at the above address and 
should be accompanied by the names 
of two academic referees. 
(1895)F 


UNIVERSITY 
OF ABERDEEN 


INORGANIC SOLID-STATE | 
CHEMISTRY 


undernoted two CASE studentships : 
Applicants should hold, or expect to 
receive, a first or upper second class 
honours degree. Each studentship 
will lead to contact with a progres- 
sive, expanding company at the fore- 
front of new developments in 
materials chemistry. Travel and sub- 
sistence will be paid for the periods 
which the student spends in the 
sponsors’ laboratories. 


1. Solid-state Oxide Chemistry of 
Ruthenium and its Compounds (In 
collaboration with Johnson Matthey, 
ple, Sonning Common, nr Reading). 
Ref 1222. 


2. Hydrothermal Chemistry of 






a an : as 
cis ra 


Applications are invited for the €j» 


Zirconium Dioxide (In collaboration - 


with Cooksons Group pic, Perrivale / 


Middlesex). Ref 997, 


Additional information can be- 


obtained from the academic super- 
visor, Prof F P Glasser (Tel 
0224-40241 ext 5640) and application 
forms obtained from the Secretary to 
the University, Regent Walk, Old 


Aberdeen ABS IFX, as soon as 


possible, but in any event no later T = 4 
ko 87 T E 


than 30 June. 
























UNIVERSITY 
OF NOTTINGHAM 
MEDICAL SCHOOL 


DEPARTMENT OF PHYSIOLOGY 
_ AND PHARMACOLOGY 


POSTGRADUATE 
STUDENTSHIP 


Applications are invited from those 
~- with, or who expect to obtain, a good 
“Honours degree in Physiology, 
F Bharniacology or a closely-related 
discipline, for an MRC postgraduate 
-research studentship. 


The topic of the research will be 
either (i) the effect of cytoplasmic 
calcium on glycolysis or (ii) non- 
invasive respiratory monitoring. 


The terms and conditions of the 
- studentship will be those pertaining 
to MRC Research Studentships. 


Applications in writing indicating 
the preferred topic of research, 
including a full curriculum vitae and 
the names of two academic referees, 
to be sent as soon as possible to 
Professor A T Birmingham, Head of 
Department, Department of 
Physiology and Pharmacology, 
Medical School, Queen’s Medical 


Centre, Nottingham NG7 2UH. 
(1919)F 






| IVERSITY OF LEICESTER 
- DEPARTMENT OF BIOCHEMISTRY 
CASE STUDENTSHIPS 


Applications are invited for CASE 
studentships (Academic Supervisor: 
Dr. Colin W. Jones) to work on (i) 
methanol oxidation by methano- 

_ trophic bacteria (Cooperative Super- 
visor: Dr. M.A. Carver, I.C.1.), and 
Gi) the growth of energetics of 


-o Rhizobium (Cooperative Supervisor: 


Dr. J.W. Drozd, Shell Research). 


Applications, enclosing a curricu- 
lum vitae and the names of two 
referees, should be sent to Mrs. J. 
Dean (Departmental Secretary), 
Department of Biochemistry, 
University of Leicester, Leicester 
JEL 7RH. (1880)F 


UNIVERSITY OF KENT AT 
CANTERBURY 
BIOLOGICAL 
LABORATORY 
SERC CASE STUDENTSHIP 


Applications are invited from 
students graduating in a biological 
science for a three year SERC CASE 
studentship, commencing in October 
1984. The project, in collaboration 
with ICI, will investigate factors 
affecting the stability of broad host- 
range plasmids in bacteria, and will 
be supervised by Dr M F Tuite and Dr 
D J Hardman (Kent) and by Dr P 
A _ Barth and Dr K Powell (ICD). 


won 


Further particulars may be 
“Fobtained from the Senior Assistant 

Registrar, Faculty of Natural 
-= Sciences, Chemical Laboratory, 
University of Kent, Kent CT2 7NH, 
to whom completed applications and 
a curriculum vitae and the names of 


c: two academic referees should be 


submitted by Thursday, 31 May 
; joa Please quote ref PG12/84/N. 
5 l € ated 





UNIVERSITY OF BRISTOL 

DEPARTMENT OF BIOCHEMISTRY 
MRC PARTNERSHIP 

STUDENTSHIP AWARD 


Applications are invited (from 
graduates who have obtained, or are 
likely to obtain, a first or upper 
second class degree in Biochemistry) 
for a 3 year studentship to work on 
red cell membrane abnormalities 
associated with disease using mono- 
clonal antibodies as molecular 
probes. 


The studentship will commence in 
October 1984 and will be carried out 
under the joint supervision of Dr 
M J A Tanner, Department of 
Biochemistry, University of Bristol, 
Bristol BS8 ITD and Dr D J Anstee, 
Department of Immunochemistry, 
South Western regional Blood 
Transfusion Centre, Bristol 
BS10 5ND. 


Applications (including a brief 
curriculum vitae and the names of 
two referees) should be made directly 
toeither Dr Tanner or Dr Anstee. The 
successful candidate will be 
registered for the degree of PhD with 
the University of Bristol. 


Applications should be made as 
soon as possible and not later than 
June Ist. (1908)F 


e Queen’s University 


of Belfast 
RESEARCH STUDENTSHIP 
Department of Medicine 

This Medical Research Council 
Research Studentship is tenable for 
the academic year 1984/85, and 
renewabie for up to three years. 
The candidate who should hold, or 
be expected to achieve, a good 
honours degree at Summer 
graduation will be ee 2 
register ot a higher A ree. 
research will elated ys 
pancreatic and ee hormones. 
Applications with full curriculum 
vitae and the oe anp addresses 
of two refrees an June to 
Professor K. D. Buchanan, Depart- 
ment of medicine, The ‘Queen's 
{ University of Belfast Os. Victoria 
Hospital, Belfast BT12 from 
whom further details are available. 














UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF MICROBIOLOGY 
MICROBIAL TECHNOLOGY 
GROUP 
CASE STUDENTSHIP 


Applications are invited from 
students who hold or who expect to 
obtain a first or upper second class 
honours degree in Biochemistry, 
Microbiology or a related subject. 
The project, in collaboration with the 
Centre for Applied Microbiology, 
Porton Down, involves the develop- 
ment of cloning and expression 
vectors for Bacillus subtilis. 


Applications, together with a 
curriculum vitae and the names of 
two referees, should be sent to Dr 
C R Harwood, Department of 
Microbiology, The Medical School, 
The University, Newcastle upon 
Tyne, NEI 7RU, from whom further 
details may be obtained. 

(1921)F 


STUDENTSHIPS continued 


ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts, ALS 2JQ 


PHYSIOLOGY & ENVIRONMENTAL 
PHYSICS DEPARTMENT 


SERC CASE STUDENTSHIP: 
MATHEMATICAL 
MODELLING OF THE DRIFT 
OF AGRICULTURAL 
SPRAYS 


Applications are invited for a SERC 
CASE Studentship tenable at 
Rothamsted Experimental Station 
and Imperial College of Science and 
Technology to study the drift of 
agricultural sprays downwind from 
crops. The project will involve field 
experiments and the use and 
adaptation of air pollution dispersion 
models. 


Candidates should hold, or expect 
to obtain, a First or Upper Second 
Class Degree in Physics, 
Meteorology, Applied Mathematics 
or an Environmental Science. 


Applications giving full c v and the 
names of two referees should be sent 


to: Dr H A McCartney, Physiology & | 


Environmental Physics Department, 
Rothamsted Experimental Station, 
Harpenden, Herts AL5 2JQ by Ist 
June 1984 quoting Ref: 557. 


We are equal opportunities 
employers. (1938)F 


OXFORD UNIVERSITY 
RESEARCH LABORATORY 
FOR ARCHAEOLOGY 


Carbon-l4 dating using a 2 MV 
tandem accelerator, thermolumi- 
nescence dating, archaeomagnetism: 
studentship(s) for DPhil research, 
suitable for physicists, chemists, 
earth scientists, anticipating a good 
honours degree. 

Details: Dr M Aitken or Dr R 
Hedges, 6 Keble Road, Oxford OX1 
3QJ, telephone 55211. (1900)F 


NUTRITIONAL 
CONSULTATIVE PANEL 
of the 
UK Dairy Industry 
is offering a 
POST GRADUATE 
STUDENTSHIP 


for work, possibly leading to a higher | 


degree in a British University or 
Research Institution on a Nutritional 
subject related to: 
MILK AND MILK PRODUCTS IN 
THE HUMAN DIET 
Examples of subjects which the 
Panel has identified are: 


1)the role of calcium in cow’s milk. 


2) the role of cow’s milk in the 
weaning of human infants. 


Other subjects will be considered. 
Salary will follow MRC guidelines. 


Apply in writing, maximum 500 
words, before 31st May 1984 to: The 
Secretary, Nutritional Consultative 
Panel, Giggs Hill Green, Thames 
Ditton, Surrey, KT7 OEL, including 
proposed department where work 
will be carried out, curriculum vitae 
and names and addresses of 2 
referees. (1877)F 






THE QUEEN'S UNIVERSITY- 
OF BELFAST 
FACULTY OF AGRICULTURE: E 
AND FOOD SCIENCE 
Applications are invited from 
graduates for the following 
awards tenable in departments of | 
the Faculty of Agriculture and f- 
Food Science. 
A: NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
1 studentship to be filled by either 
Department — 
(a) Dept. of Agricultural and Food 
Bacteriology. Topic: Nitrogen 
fixation by the wild legume — 
rhizobium association. 
(b) Dept. of Mycology & Plant 
Pathology. Topic: Basidiomycete.| 
mycorrhizal associations with turf’) 
and pasture grasses. l 
B: MINISTRY OF AGRICULTURE 
FISHERIES AND FOOD E 
2 Studentships awarded — 
(a) Dept. of Agricultural & Food | | 
Chemistry. Topic: Denitrification |- 
in intensively managed grassland j; 
swards. 
(b) Dept. of Agricultural Zoology. |. 
Topic: Potentiation of the effect — 
of natural enemies on cabbage - 
root fly populations. k 
C: SERC CASE STUDENTSHIPS 
Department of Mycology and 
Plant Pathology available on the - 
following topics: 
“Microbial flax retting after 
glyphosate herbicide spraying” = 
‘(in conjunction with the Lambeg ~ 
industrial Research Association, 
Belfast). ‘Biology of soft rot 
erwinians on potato leaves” (in 
conjunction with the Scottish ae 
Crop Research Institute, Dundee). 
Applicants must hold a First or 1 
Upper Second Class Honours 
degree in botany, biology or 
microbiology. 
Application should be made to the 
Head of the relevant Department- 
at Faculty of Agriculture and Food 
Science, Queers University of- 
Belfast, Newforge Lane, Belfast _ 
BT9 5PX. (1913A - 


UNIVERSITY 

OF NOTTINGHAM 
FACULTY OF 
AGRICULTURAL SCIEN 


SERC CASE STUDENTSH 


Applications are invited for a t 
year PhD studentship, commen 
in October 1984, for research on 
soil-plant water relations of resto 
opencast mining sites. This awar 
held co-operatively with the Nati 
Coal Board and will form part 
multidisciplinary resea 



































restoration procedures. 
should have, or expect to obtai 
1984, a first or upper second © 
honours degree in an appropr 
science subject, preferably with s 
specialism in soil science. As 
project involves field work, a cur 
driving licence is essential. 


Further details may be obtai 


School of Nee. on 
Bonington, Loughborough E 


including a full cv and the nar 
two academic referees should b 
as soon as pompe u% 





FELLOWSHIPS 





INSTITUTE 


Vienna, Austria 


is one of the three research centres of the SWISS based pharmaceutical 


company SANDOZ 


A post doctoral fellowship in a research group working on the CLONING OF 
LYMPHOKINE GENES is available for a 


CELL/MOLECULAR 


BIOLOGIST 


of lymphokines. Previous 


with interest in the expression and function 


experience in molecular biology, immunology and/or gene cloning techniques 


in bacteria or yeasts will be of advantage. 


The successful candidate will find excellent working conditions in well equipped 
laboratories. The appointment will be for an initial 2-year period. Moving 


expenses will be paid. 





rotons: 


Please send cv, description of scientific experience and names of two referees to 








Personnel Department 
Brunner Strasse 59 


SANDOZ A-1235 Wien, Austria 


CONFERENCES and COURSES 





gf: THE BULLETIN BOARD e 


Third International 
Nature Conference 
September 10-12, 1984 
Boston Park Plaza Hotel 
Boston, MA, U.S.A. 


POSTER 
SESSIONS 


Scientists who register for the 
conference and wish to display posters 
should contact: 


Posters Editor 
NATURE Magazine 
15 East 26 St., New York, NY 10010 


Please do not telephone. Write, including 

a brief synopsis of poster subject and 

its scientific relevance. Poster space is 

limited, so we suggest you act promptly. 
(NVV/468)C 








SANDOZ Forschungsinstitut 





(WS939)E 


VEETEE A LEA OR aa eet 
MASSEY UNIVERSITY 
Palmerston North, 
New Zealand 


DEPARTMENT OF MICROBIOLOGY 
AND GENETICS 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 
IN GENE MANIPULATION 
Applications are invited for the 
above position funded jointly by the 
NZ Forest Service and the NZ Energy 
Research and Development Com- 
mittee to work with Dr Roy Thornton 
on the development of flocculent 
strains of pentose fermenting yeasts 
by genetic manipulation, Experience 
in gene manipulation techniques is 

















THE UNIVERSITY 
OF AUCKLAND 
Private Bag, Auckland, 
New Zealand 
POSTDOCTORAL 
FELLOWSHIPS 





| Two Fellowships are available for 12 


months to be taken during 1984. 


| Those appointed must have success- 
| fully completed the requirements for 
| PhD or equivalent degree before 
| taking up the Fellowship. A monthly 
| allowance of NZ$1,805 will be paid. 


| PSYCHOLOGY Applicants should 
| have had some experience in the use 


of small computers to control 


|| experiments in human perception 
| and cognition. The Fellow will work 


with Professor M C Corballis on the 


| relations between perception and 


imagery. Further information, 


| including application forms, is 
E | available from Professor M C 
|i Corballis, 


Department of 
Psychology. 


| ZOOLOGY Applicants should have 


Skills in analytical natural products 
chemistry, be able to devote time to 
the screening of extracts and have the 
experience to recognise novel 


| compounds such as carotenoids, 


isonitriles, sterols and did 





advantage. Further information, 
including application forms, is 
available from Professor Patricia R 
Bergquist, Department of Zoology. 
(W95 DE 


essential and an 
fermentation processes desirable. 


The appointment is available from 


May 1984 or soon after for an initial 


period of two years, Remuneration 


will be NZ$25,000 per annum and _ - 
some finance will be available for a 


relocation expenses. 






Further details of the position an 
of the University, together with 
conditions of appointment, may be 
obtained from the Secretary General, 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCIH OPF, or 
from the Registrar of the University 
with whom applications close on 2 
June 1984. (W9S8)E 


UNIVERSITY OF STRATHCLYDE 


h er, a Department of Metallurgy 


“@ SENIOR RESEARCH FELLOWSHIP 





Applications are invited from well-qualified 
or Materials Science for a Senior Research 


in the first instance). The successful on] 
plasma deposition of materials under an SERC supported co-operative `ý 
project with Standard Telecommunications Laboratories. Experience in | 


Piasma-Chemical or 
advantage. 


raduates in Physics, Chemistry 
ellowship (tenable for one year | 


applicant will engage in research ono] 


Mass-Spectrometric techniques would be an | 


Salary on Range IA for Research Staff (£7,190 — £11,615 p.a.). USS | 


benefit. 


Applications, with full curriculum vit 
addresses of three referees should : 3 , B 
University of Strathclyde, McCance Building, 16 Richmond Street, - 
Glasgow G1 1XQ by 25 May 1984( quote ref: R11/ 84). 


ae, and the names and f- 


be sent to Staff Office, . 


natural O0 
products chemistry would be an 


interest in 5 







‘THE OPEN UNIVERSITY 
FACU LTY OF SCIENCE 
“RESEARCH FELLOWSHIP 
Bec IN EARTH SCIENCES 
© ¢Applications are invited for a three 
wear post-doctoral Research Fellow- 
sip in Geochemistry. Candidates 
> should have a proven ability to 
-develop rather than simply fo use 
analytical techniques, and will be 

expected to make a positive 
contribution in this area, Present 
research interests in the Department 
include: the relationship between 
magma genesis and mineralisation in 
orogenic areas (N Chile — Bolivia, 
Central America and Namibia); open 
system differentation in high level 
magma chambers; and trace element 
enrichment processes in the upper 
mantle as inferred from mantle 
-xenoliths and within plate basalts. 
Other specific areas of interest are the 
‘geochemistry of platinum group 
elements, trace element mineral 
analysis by microprobe and INAA, 
and fluid inclusion studies. The 
available analytical equipment 
consists of an ED XRF, two 
=o microprobes, INAA, and both solid 
“> source and gas mass spectrometers. 
Applicants are invited to submit a 
brief outline of their research 
interests. 











_ The appointment will be for 3 
ears, from a starting date to be 
egotiated between the successful 
didate and the University. 


























Applicants should possess a good 
first degree in geology and PhD in 
geochemistry. Salary will be on the 
1A Scale for Research and 
Analogous Staff (£7,190 — £11,615 
— under reveiw). Application forms 
and further particulars are available 
from Dr. J. R. Smith, 
_ Administrative Assistant (Science) 
(4727/2), Faculty of Science, The 
Open University, Walton Hall, 
Milton Keynes MK7 6AA or 
telephone Milton Keynes (0908) 

$$2098/653993; there is a 24 hour 
~~ answering service on Milton Keynes 
653868. 


Closing date for applications: Ist 
June. (1941)E 
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DEPARTMENT OF 
OCEANOGRAPHY 
PHYSICAL OCEANOGRAPHY! 
INFRA-RED RADIOMETRY 
A postdoctoral fellowship is to be 
supported by a NERC Remote 
Sensing Special Topic Award, to 
study the physics of the sea su rface 
thermal skin and its importance to 
infra-red radiometry of sea surface 
temperature. The postis offered on 
RA scale 1A and will last until at 
least March 31st, 1987. Applicants 
should be weil qualified physical 
“Wscience graduates with proven 

{research experience in experi- 
<i mental/applied physics or physical 
- | oceanography- 

| Applications by 14th May to: Dr. 
|. S. Robinson, Department of 
Oceanography, University of 
{Southampton SO9 5NH, from 
whom further details are available. 
É — {1924)E 





















THE ROYAL SOCIETY 
IBM RESEARCH 
FELLOWSHIP 
Applications are invited for an IBM 
Research Fellowship, for research in 
computer science and preferably its 
applications including remote 
sensing, digital mapping and other 
forms of computerized data 
acquisition, storage and 
dissemination. Tenure in any 
appropriate university department of 
research institution in the United 
Kingdom is for two years from 1 
October 1984. Applicants (restricted 
to citizens of the United Kingdom or 
the Commonwealth) must have a 
PhD or equivalent research 
experience and should preferably be 
under 33 on | October 1984. Current 
stipend scale: £10,829 x £466 tfo 
£13,159 per annum with super- 

annuation benefits. 


Forms obtainable from The 
Executive Secretary (UMAM), The 
Royal Society, 6 Carlton House 
Terrace, London SWLEY 5AG, must 
be returned by 31 May 1984. 

(189E 


POST-DOCTORAL Fellowship: A | 


post-doctoral position is available for 
candidates interested in immunology 
and with experience in molecular 


' genetics, especially in gene transfer 


techniques, to work in a laboratory 
specializing in molecular analysis of 
cellular interactions in the immune 
response. Send résumé and letters of 
reference to: Drs Charles A Janeway, 
Jr and Donal B Murphy, Department 
of Pathology, Yale University School 
of Medicine, New Haven, CT 06510. 
(NW 480)E 


amanea 


THE UNIVERSITY 
OF SYDNEY 

PROFESSOR HARRY 

MESSEL RESEARCH 
FELLOWSHIP IN PHYSICS 
Applications are invited 
above postdoctoral fellowship for 
research in Physics in the University 
of Sydney. The following fields of 
research are pursued in the School of 
Physics: Plasma Physics (Tokamak), 
Solar Energy (selective surfaces}, 
Astrophysics (synthesis radio- 


interferometer), High Energy 
Nuclear Physics (neutrino physics), 
Environmental Physics {radio 
telemetry) and Theoretical Physics 
pertaining to the foregoing 
experimental topics. Further 
information may be obtained by 
writing to the Head of the School of 
Physics. 

The annual stipend shall be within 
the range for University of Sydney 
Postdoctoral Research Fellowships 
(currently $20,164 to $22,513 per 
annum). The Fellowship is tenable 


for one year but may be renewed | 


from year to year. 
The University reserves the right 


not to proceed with this appointment | 
for financial or other reasons. 


Application forms or further 
information may be obtained from 
the Registrar (Scholarships Office), 
University of Sydney, NSW, 
Australia 2006. Applications close on 
31 May 1984. (W9357)E 


FELLOWSHIPS 


pacers CT ee 





for the | 






telescope), Astronomy (Michelson | 
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Continental 
European 
Fellowship 
Awards For 
Academic Staff 


Applications are invited for awards by the CIBA-GEIGY 
Fellowship Trust for the academic year 1985/86. 


Senior CIBA-GEIGY Fellowships 


Senior CIBA-GEIGY Fellowships will be awarded to start 
from an agreed date during the academic year 1985/86. 
These will be available normally to lecturers, senior 
lecturers, readers or those who have held comparable 
permanent teaching positions for a period of at least five 
years in the field of chemistry, biochemistry, chemical 
technology, chemical engineering and biology, particularly 
in its relation to chemistry, at United Kingdom or Republic of 
ireland universities, polytechnics, or comparable teaching 
institutions, who wish to undertake research at an agreed 
continental European university or technological university. 


Awards are made for a period of six to tweive months. 


Value of the awards: £9,000 per annum plus travelling 
expenses. CIBA-GEIGY Fellowships are intended to 
supplement Fellows’ salaries for the period of tenure. 





Further details and application forms, which should be 
submitted before 1 November 1984, can be obtained 
from The Secretary, The CIBA-GEIGY Fellowship Trust, 
30 Buckingham Gate, London SW1E 6LH. 
(Telephone: 01-828 5676). 


CIBA—GEIGY 


(1898)E 








MRC REPRODUCTIVE BIOLOGY UNIT. EDINBURGH 
POST-DOCTORAL TRAINING FELLOWSHIP 
PROTEIN BIOCHEMIST 


An active research team studying clinical and biological aspects of 
infertility and contraception offer training in gamete biology to a 
BIOCHEMIST with experience in the purification and characterisation of 
glycopeptides/glycolipids and an interest in gene 
technology/ immunology. The research programme is designed to 
identify gamete specific cell surface antigens that may be used as the 
basis for a contraceptive vaccine. The appointment would be for three 
years at a salary within the range of £7,190 — £12,545 per annum. 
Candidates should hold a PhD/ DPhil degree or, in certain circumstances, 
an MSc plus at least three additional years postgraduate experience, and. 
must meet the UK residence requirements set out in the MRC Training 
Fellowship regulations. Ta 
Regulations, application forms and additional information from 
Miss E. McKay, Administrative Officer, MRC Reproductive 
Biology Unit, Centre for Reproductive Biology, 37 Chaimers. 
Street, Edinburgh EH3 SEW. Ce ae 
Closing date for applications — 31st May 1984. 









ADVERTISEMENT 


AWARDS 


Pfizer Awards 


In October, 1982 Pfizer Central Research at 
Sandwich, Kent announced that they would 
make up to six new Awards annually of £1,500 
each to support young scientists who had 
carried out meritorious research at British 
Universities. The research should have 
potential application in the search for new 
human or animal health drugs. 

The awards are made by a panel of Pfizer 
scientists in consultation with senior academic 
advisers, on the basis of work published in the 
two years prior to the award. The awards are 
NOT open to application. Each award may be 
renewed at the panel's discretion for a second 
year. The awards are for the personal use of 
the recipients to further their research. 

The 1983 awards were announced in May 
1983 and the recipients were: 


Chemistry 

Dr. (now Prof.) S. V. Ley, Department of 
Chemistry, Imperial College of Science and 
Technology, London. 


“For his innovative synthetic work 
exemplified by his approach to the ionohore 
antibiotic X-1457A and his short synthesis of 
hirsutene’”. 


Dr. P. J. Kacienski, Department of 
Chemistry, University of Leeds. 

“For the originality of his synthesis of 
pederal dibenzoate and diumycinol’’. 


Biology 
Dr. J. C. McGrath, Institute of Physiology, 
University of Glasgow. 

“For his contribution to the understanding 
of adrenergic and non-adrenergic trans- 
mission”. 

Dr. B. G. Spratt, School of Biological 
Sciences, University of Sussex. 

“For his work on the role of the penicillin- 
binding proteins in growth and morphological 
form of bacteria”. 


Animal Health 

Dr. D. B. Satelle, Agricultural Research 
Council, Unit of Insect Neurophysiology and 
Pharmacology, Depariment of Zoology, 
University of Cambridge. 





“For his work on the pharmacology of 

insect receptors”. 

Pharmaceutical Sciences 

Prof. I. W. Kellaway, Welsh School of 
Pharmacy, UWIST, Cardiff. 

“For his work on collodial drug-delivery 
systems including liposomes, nano-particles 
and the release of drugs from semi-solid 
dosage forms”. 


Pfizer will announce the next awards later this 
month. 

Pfizer is a worldwide, research-based 
company with inter-related businesses in 
health care, agricultural, speciality chemicals, 
materials science and consumer products. The 
Company has a major commitment at 
Sandwich where it employs approximately 
1,500 people, over 500 of whom are engaged in 
new product research. (1899)N 


COURSES continued 


EMBO ADVANCED LECTURE COURSE (1984/ 9) 
“Molecular Genetics of 


Mammalian Development 
PAVIA, ITALY, 3-15th SEPTEMBER 1984 


The Course is intended for 60 research workers or students who wish 
to start in the area of the Molecular Genetics of Mammalian 
=. Development. It will cover both basic concepts and the most recent 
- findings in the field. The format of the Course will be formal lectures, 
o. seminars, discussion groups and journal clubs on a wide range of 
= topics. The students will be provided with a book of relevant reprints. 
«- Both students and teachers will stay together at Collegio Ghislieri in the 
< mediaeval centre of the city. 

The following areas will be covered: 

General topics: recombinant DNA techniques in development, germ 
cells, early development, dedifferentiation and its relationship to 
embryogenesis, developmental and temporal regulation of genes, 
>- tissue specific expression, somatic cell genetics as a tool, hormonal 

‘regulation of expression, promotors, enhancers and other regulatory 

elements, injection of foreign DNA into embryos and its expression, 
approaches in other animals. 


Specific systems include: H-2, HLA and disease, antibody genes, 
muscle differentiation, nervous system, lens cell, X-inactivation, sex 
determination, the T/t locus, oncogenes and the cancer problern. 


Lecturers will include: C. Morandi, V. Sgaramelia (Pavia), 
A. Carbonara (Torino), G. Tocchini-Valentini (Roma), G. Bulfield, 
R. Clayton, N. Hastie (Edinburgh), A. McLaren, P. Goodfellow, M. 
Fried (London), M. Lyon (Harwell), P. Démant (Amsterdam), V. 
Pirrotta (Heidelberg), V. Chapman (Buffalo), K, Paigen (Berkeley), P. 
> Brilet, B. Robert (Paris), W.J. Rutter (San Francisco), O. Hagenbuchle 
¿oo {Lausanne}. 
- > The Course is organised for EMBO by G. Astaldi Ricotti, C. Morandi, 
=i &. Della Valle (CNR Istituto di Genetica Biochimica ed Evoluzionistica 
and Dipartmento di Genetica e Microbiologia, Universita di Pavia) and 
G. Bulfield (Edinburgh). 
~The fee is $280 which includes all meals and accommodation. 
| To register, send off brief CV/ research interests (one side A4) 
and $50 deposit by 75th June. Places wili be allocated on ‘first- 
come’ basis). to:— Dr Grahame Bulfield (EMBO Course 1984) 9). 
FRC Poultry Research Centre, Roslin, Midlothian EH25 SPS, 
U.K. (Tel. 031- 4402726) (W956)C 
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UNIVERSITY OF LEEDS 
MSc IN STEROID 
ENDOCRINOLOGY 


A course of advanced study covering 
one calendar year will be held in the 
Division of Steroid Endocrinology 





from October 1984 to September — 
1985. Applications should be made 
before 31st July 1984 to the Secretary 
at 26-28 Hyde Terrace, Leeds LS2 
OLN (Tel: (0532) 454436) from whom 
application forms and brochure may 
be obtained. (1934jC 





ORGANIZATION OF THE EUKARYOTIC 
GENOME 
MOBILE ELEMENTS IN THE EUKARYOTIC 
GENOME E 

(8-12 October 1984, Montpellier, France) 
A FEBS Lecture Course on the Organization of the Eukaryotic 
Genome will take place near Montpellier, France, between October. 
8-10. The Course will be followed by a Symposium on Mobile — 
Elements in the Eukaryotic Genome (October 11-12) organized by — 
the IUB-IUPAB Interest Group “Genome Structure and 
Expression’. 
Invited speakers include: 
C. Bostock (Edinburgh), J.C. Bregliano (Clermont-Ferrand), P. Di 
Nocera (Naples), J. Doly (Villejuif), G. Dover (Cambridge), H. 
Feldmann (Munich), J. Filipski (Paris), D. Flavell (Cambridge), G. 
Georgiev {Moscow}, G. Grimaldi (Naples), N. Hastie (Edinburgh), |. 
Horak (Wurzburg), W. Jelinek (New York), E. Kuff (Bethesda), L. 
Manuelidis (New Haven), M. Meunier-Rotival (Paris), P.W.J. Rigby 
{London}, S. Roeder (New Haven), J.H. Rogers (Cambridge), F. 
Rougeon (Paris), C. Schmid (Davis), J. Szoztack (Boston), B.K 
Tye (Ithaca), E. Ullu (New Haven). 
Attendance to both events will be limited to 120 people. Those 
interested in participating should contact either the Organizer of the —- 
FEBS Course, Dr. G. Roizés {Laboratoire Structure, Fonction et ~~ 
Evolution du Génome Eucaryote, Institut de Biologie, Boulevard 
Henri IV, 34000 Montpellier, France) or one of the Organizers of the 
Symposium, Drs. M. Singer (N.1.H., National Cancer Institute, 
Bethesda, Md. 20205, U.S.A.) and G. Bernardi (Laboratoire de EO 
Génétique Moléculaire, Institut Jacques Monod, 2 oo eben cag | a 
75005 Paris, France}. 
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“I never knew it was so easy to 
improve resolution until I attended 


an LKB Histology Workshop” ` 


“I'd been a histotechnologist for years when I at- 
tended my first LKB workshop. ld done a lot of 
routine embedding, sectioning and staining, but I 
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alone what a big difference my work could mean. I 
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boss had talked about improving quality and men- 
tioned plastics, but I’d heard that they were diffi- 


cult to prepare, messy and toxic. Did I have a W 
lot to learn! zag 

LKB showed me how to use a new water- 43) 
soluble plastic embedding system - the HistoResin aah 
system. It wasn’t difficult at all! I even cut thin SAS 
serial sections. And what I really liked was seeing Ca 


that without removing the embedding medium, I 
could use all the stains 


I needed ~ including . 
P.A.P. They also showed £ - 
me an easy way to cut f 
thin paraffin sections. 
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UK sales office: LKB Instruments Ltd., 232 Addington 

CR2 8YD, England. Te 

Other sales offices in: Antwe 
Lucerne, Madras, Moscow, 













Only with the new LKB Horizontal 
Electrophoresis System do you also get... : 


New two-dimensional | 
applications 


LKB’s Multiphor II can be used to study complex 
mixtures by a combination of high performance 
electrofocusing in the first dimension and ultrathin 
gradient gel electrophoresis in the second. Used 
together with newly-developed silver stains, 2-D 
mapping gives you the ultimate resolution currently 
obtainable. 





2-D electrophoresis of yeast proteins with silver stain 
(courtesy of Dr A Gérg, Technische Universitat, 
München) > 


Titration curve of carbonic anhydrase (bovine), 
pH 3.5-9.5 Y 





PREDICT PURIFICATION PARAMETERS 

A simple one-hour experiment using the LKB 
Horizontal Electrophoresis System will produce 
detailed information about the stability, heterogeneity, 
interactivity, pl and mobility of your sample. This will 
allow you todetermine in advance the best parameters 
for optimal purification. The titration curve kit helps 
you to use the 2-D capabilities of the system to display 
simultaneously the electrophoretic mobility of every 
component in the mixture as a function of pH. 


‘. 
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This is one in a series of advertisements describing the 
unrivalled versatility of the LKB Horizontal 
Electrophoresis System. For further information about 
2-D techniques, and the many other applications of the 
system, send today for our brochure. 


Head office: 
LKB-Produkter AB, 
Box 305, S-16126 Bromma, Sweden. 
Tel. 08-98 00 40, telex 10492 
Main US sales office: 
LKB Instruments, Inc. 
9319 Gaither Road, Gaithersburg, Maryland 20877. 
Tel. 301-963-3200, telex 909870 (dom.), 64634 (intern.) 





THE LKB SYSTEM 

Only LKB can offer the research 
scientist a complete, integrated system 
in which each component works with 
and complements all the others. Based 
on the new and improved Multiphor II, 
the system also includes a 5K V power 
supply, thermostatic circulator, laser 
densitometer and data evaluation 
software. 

In addition to the instrumentation, 
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LKB provides a range of 18 major kits LKB Raana bat. 
plus a complete programme of high 232 Addington Road, S. Croydon, Surrey CR2 8YD. 
quality chemicals, supplies and England. ~ 
accessories, backed by the full Tel. 01-657 8822, telex 264414 
Other sales offices in: 


worldwide support of the market leader 
in electrophoresis and electrofocusing. 


LKB-the electrophoresis experts. 


Antwerp, Athens (for Middle East), Bangkok, 
Copenhagen, Lucerne, Moscow, Munich, 
Paris, Rome, Turku, Vienna, Zoetermeer 
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in immunology, the 
„significant developments 
come from Coulter. 


Coulter's newily-enlarged range of monoclonal antibodies bring 
significant developments to the surface. 
Offering human cell surface markers of unparalleled 
specificity, the range now includes:— 


_ @7/B Cell markers @Myeloid markers 
. ®Speciality markers @Ilmmunoglobulins 
@Controls eDéveloping reagents 

®\V/hole Blood T&B Kit 
@Unconjugated or FITC and 
BIOTIN labelled products. 


Post the coupon today, or ring 
Luton. (0582).582442 ext. 415, 
and find out what keeps Coulter 
at the forefront of 
immunology research. 
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ER" What you don't see is vital in indirect immunological pro- 
cedures. Background caused by non-specific binding can 

make your results hard to readfaWd Gan even ruin an other 

as, wise successful experiment. BR's new flexible system of 

pa d howe ; designed 

Z prescreened Products for Immunodetegtion, however, is designe 
to take advantage of the streptavidin-biotin interaction, which en- 

sures specificity, low background and high sensitivity. 


vay gi See the difference streptavidin makes. BRL’s streptavidin con- 
ce jugates ensure high specificity and low background, even in high-resolution 
os procedures. A superior substitute for egg avidin, streptavidin binds biotin with 
equally high affinity, but exhibits much lower levels of non- -specific binding, 
producing consistently lower background and clearer results. 


Create the system that suits your needs. You can design your detection 
system—for immunocytochemistry, ELISA, immunoblotting, fluorescent 
cell sorting or electron microscopy—by purchasing individual components 
from a selection of five biotinylated secondary antibodies, six streptavidin 
conjugates and five enzyme substrates. You are assured of optimal results 
because BRL qualifies all the components for use together. 


Rely on the most advanced reagents available. BRL Products 
for Immunodetection represent the most recent developments in “= 7 
indirect immunological. techniques. Streptavidin conjugates in- f 
clude ferritin, colloidal. gold, horseradish peroxidase, B-galac-<3 ` 
tosidase, fluorescein and Texas Red™. Enzyme substratesgy 
include 4-chloro-1-napthol, diaminobenzidine, o-phen- 53 
ylenediamine, Bluo-gal—a BRL exclusive, and p- nitra +a 
phenylphosphate. All five biotinylated secondary an- 
tibodies (anti-lgG mouse, rabbit, goat and human and a 
ahti-lgM human) are affinity purified, and demi ynstrate~ 
i. low cross-reactivity against human serum proteins. 


myst. Receive all the information you need. E: 

Bes product comes with a product profile containing | 
specific information and recommendations for.usin 
in a variety of procedures. In addition, «a detai 
applications guide which describes ELIS 

immunocytochemistry at the light and EM: lev 
gis immunofluorescence and immunoblotting, 
ae included with every streptavidin conjugate. Forg 
we questions not answered in the product profile 
s the applications guide, call the BRL Tech-Line™ 


~ BRL Products tor lmmunodetectiot 
V Take a look at what you don’t see. 
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-The Soviet proposals put at Stockholm last ae hive been too quickly dismissed in the West 
as an old recipe for arms control. That they may be, but why not talk about them? 


being caught napping would not be overwhelming. So there is a 
case for talking constructively about the central problem in any ` 
such proposals — what arrangements could be made for verifying ` 
compliance with such an agreement? Technically, as the 

» accusations and counter-accusations of the war between Iran and 


Tue Soviet decision to pull out of this year’s Olympic Games has 
-inevitably overshadowed the Soviet Union’s presentation of a 
string of arms control proposals to the Stockholm conference on 
` European security, which reconvened on 8 May. The first 
development, ostensibly on the grounds that Soviet athletes 
would be physically endangered in Los Angeles, is regrettable at 
such short notice but may in the end be an important contribution 
O international understanding; the Olympic Games have been, 
for far too long, occasions for unbridled displays of chauvinism. 
‘And on the face of things, the Soviet proposals at Stockholm are 
“both familiar and unacceptable for reasons which by now should 
~ be widely understood. Yet that should not prevent the other 
> participants at Stockholm, one of the meetings called within the 
~ framework of the Helsinki agreements, from taking this 
_ development as an opportunity for revivifying the East-West 
< dialogue on arms control, distinctly in abeyance since the collapse 
= -of the nuclear negotiations at Geneva at the end of 1983. 
The new Soviet package is a mixed bag of the familar and 
“unfamiliar. Predictably, it includes (at the head of the list) the 
demand that nuclear powers should declare that they will not be 
the first to use nuclear weapons. This old proposal is presumably 
































for the past quarter of a century, the defence of Western Europe 
has been based on the assumption that battlefield nuclear 
weapons might be necessary to counter a successful conventional 
incursion from the East. But a no-first-use declaration would 
also have the contradictory effects of helping to encourage 
conventional conflicts that could escalate into nuclear wars and of 
encouraging nuclear powers to keep their nuclear arsenals intact 
(because of the risks inherent in taking such a declaration at its 
face value). At Stockholm, however, the Soviet Union has gone 


would agree not to be the first to use either conventional or 
nuclear forces. At first sight, this is simply an attempt to revive the 
old idea of a non-aggression pact between East and West in 
Europe, a notion which pragmatic Western governments have 
onsistently resisted on the grounds that such an agreement could 
~~ be only a cosmetic device for pretending that political and 
© ideological differences are less serious than they seem. But in the 
-is absence of constructive talks about serious arms control, it would 
_ be constructive to know precisely how else the Soviet Union 
+ proposes that conflicts should be settled. A standing commission 
_» forthe discussion of differences of the kind from which European 
-= wars could spring would be no bad thing. 


Chemical weapons 
Freezing (and then reducing) military budgets, another of the 
< Soviet proposals, is. by contrast meaningless, pointless and 
probably unacceptable even in Moscow. Just how powers with 
international commitments, such as the Soviet Union and the 
‘United States, would limit the resources devoted to preparations 
just for European wars is anybody’s guess. Eliminating chemical 
_weapons from the European theatre is, however, a suggestion that 
| aene serious consideration, None of the anaes witl 










-least in the sense that discussion can only be fruitful. First; 


military equipment above a scale yet to be fixed: 


included for form’s sake, since the Soviet Union is well aware that- $ free zones in Europe — what many in the West consider to bethe 
most obviously-poisoned chalice in the new Soviet package - 


“also deserves serious. consideration, 


‘further by advocating a treaty under which all European powers | 
¿week raises the further question of a nuclear-free zone cove 
the ‘Balkan peninsula” without specifying whether that term 
: embraces Turkey. All such schemes have the disadvantage thai 


: Europe is the more important — and more difficult. One amos 


presence of nuclear explosives, by whichever organization they 
are manufactured. (The governments. concerned do not 
_ manufacture nuclear weapons on their own, but provide house- 
a room for other t propie s.) Since, in enna DRE it must 





-West talks 














Iraq have shown, this is an exceedingly difficult issue — whichi isa” 
good reason why it should be taken up in good time. o o co 
The remainder of the Soviet package is still more in teresting. ay 








a suggestion that the present arrangement under the He in 
agreements whereby military exercises must be no 
advance should be extended to all movements of troo 








intelligence-gathering by both sides in Europe i is probably now 
sufficient for each side accurately to know what the other is 
about, such an agreement would be well worth having 
demonstration of openness and truthfulness. The West 
jump at it. 


Zones 


The proposal that some consideration should be given to nuclear- - 


















the obvious dangers — 
notwithstanding. Again, more than a quarter of a century has i 
passed since the Polish foreign minister Rapacki propos 
there should be a nuclear-free zone in central Europe (inclu 
both Germanies and Poland) agreed only among the governments 
directly affected. More recently, there has been a great deal o 
enthusiastic talk in Scandinavia about the potential val 
nuclear-free zone stretching from Finland in the east to Denm 
in the west. The Soviet proposal to the Stockholm meeting la 



















their benefits are much less real than they seem. But altho 

might lead to nothing, the West should again jump at the chan: 

of such a discussion, if only for its educative value (for bothsid 
Of the three proposed nuclear-free zones, that i 









preliminary difficulty is that of knowing what is meant by the term 
‘‘nuclear-free’’. In central Europe, the only possible meaningful - 
interpretation must include the interdiction of the physical- 
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rat his star-wars scenario is an illusion. 


PRESIDENT Ronald Reagan’s plan for a system of ‘‘star wars” 
efences against nuclear attack will not work. The scientific 
munity, which the president asked a little over a year ago to 
i invent the means of rendering nuclear weapons ‘‘impotent and 
obsolete’, knows that it will not work, and has said so. The 
= president’s advisers, including his science adviser, Dr George 
.. Keyworth, know it too, but are afraid to say so. Instead, they have 
=< invented a different and more plausible version of what Mr 
-= Reagan wants in the hope that nobody will notice the difference. 
They will of course be found out; the danger is that they might get 
== away with it for long enough to do substantial mischief to the 
-cause of arms control. 


Revisionism 
‘The revisionist version of the star wars idea goes something like 
s; it does seem rather difficult to think of a way to defend 
S people against a nuclear attack, but there is no need to look 
ir-perfect defence right away. As a first step, the United 
tes might construct a star wars system that could shoot downa 

‘proportion of Soviet intercontinental ballistic missiles 
(CBMs) launched against the United States in a nuclear war. 








nch a preemptive attack on US missiles would diminish; since 
: vould have reason to fear American retaliation, deterrence 
would: be strengthened. Later on, perhaps, the defensive system 
ht enfeeble strategic nuclear weapons so much that they would 
‘become too unreliable to be used. 

< What is wrong with this argument? Plenty, as it happens. But 
the first thing to say is that it bears virtually no relation to what 
President Reagan actually said in his star wars speech 14 months 
ago. In that speech, the president did not propose a defensive 
ystem as a means of preserving the ability of the United States to 
fe against a Soviet preemptive strike, but as a way to make 
‘ion unnecessary. Here is what he said. 

intil now we have increasingly based our strategy of 
ence upon the threat of retaliation. But what if free 
people could live secure in the knowledge that their security did 
not rest upon the threat of instant US retaliation to a Soviet 
‘tack; that we could intercept and destroy strategic ballistic 
missiles before they reached our own soil or that of-our allies? 


e is nothing ambivalent about that; what the president 





t the United States would not even have to threaten the 
viet Union with retaliation in the event of a nuclear attack. Is it 
ble? Almost certainly not, for reasons that have been fairly 
and lucidly explained in a new report from the Office of Tech- 
nology Assessment (OTA). The OTA study is especially signifi- 
+. cant because it was prepared with the benefit of full access to 
Classified data by a body which is traditionally careful to avoid 
< partisan stances. Even so, it found the prospect of a near-perfect 
-defence ‘‘so remote that it should not serve as the basis of public 
xpentanion or national policy’’. 


| ana array would have to be based in space, where it would 
: satvelf be Eeun vulnerable; even if it could somehow be pro- 







‘ D USE 8 ae . *‘near-perfect’’ defence. There are, and there always have t bee ` 
sident Reagan’ s 5 best í friends S ould tell him 


hus the degree of confidence with which the Soviet Union could | 


posed was a shield through which so few nuclear missiles could 


-you invent will make its predecessors redundant. 


te inpas any agains of existing treaties while we investigat 

























































some respectable arguments for defence. After all, the difference 
between an attack in which 250 megatonnes were detonated over © 
the United States and an attack in which only 5 megatonnes 4 
(about one two-thousandth of the Soviet arsenal) got through 
cannot be ignored, While the former could kill half the popu 
lation and injure most of the rest, the latter, if cities were preferen-. 
tially targeted, could kill several million people and injure 10° 
million more. The scores of millions saved by the successful inter- 
ception of the 245 megatonnes would have reason to be grateful, = 
but could hardly regard the destruction of the most great cities. 
and the death of millions of their fellows as a near-perfect 
defence. The temptation to retaliate — and the need to deter — 
would remain. 7 - 
So the president’s vision of a future in which a leakproof defence — 
makes nuclear weapons obsolete and the threat of retaliation 
unnecessary is a vision that cannot be given technical expression: 
The taxpayers of the United States employ people whose jobitis 
to keep the president informed about the limits of technology. Dr 
Keyworth is one of them. Sadly, there is no evidence that he is 
willing to give Mr Reagan the bad news; indeed, there are 
disquieting signs of a witch hunt against those scientists who have 
spoken out honestly. Some have been accused of defeatism, — 
others of disloyalty. It is, however, an entirely misguided sense of 
loyalty that has persuaded the revisionists to fudge the issue by —- 
arguing that if ‘‘star wars’’ cannot defend everything they canat 
least defend our ability to retaliate. That is a travesty of the 
promise President Reagan held out in his speech on 23 March, and 
an argument that will do him no good politically. Neither 
Congress nor the general public will be pleased to discover that the 
panacea in which they have been asked to invest billions of dollars 
is intended as the strategic equivalent of a hardened silo. 










Dishonesty 
That is why the revisionist argument is dishonest. But is it wise? 
There is in general something to be said, as Freeman Dyson argues 
in his recent book, Weapons and Hope (Harper & Row, New 
York and London), for the moral superiority of defensive 
weapons. Here the arguments for star wars and for civil defence 
converge; it is worth trying to save the lives of some evenif itisnot =- 
possible to save the lives of all. The snag is that no policy or action ~~ 
in the domain of nuclear weapons takes place in a vacuum; each 
increases or diminishes the likelihood of a war being fought with 
nuclear weapons. There is unfortunately little reason to believe. 
that possession of star wars defences will diminish the likelihood 4 
of war, and some reason to believe it will increase it. eae 

That is because neither side, faced with the development of a =. 
defensive shield by the other, will acquiesce in the president’s aim. 
of making nuclear weapons ‘‘impotent and obsolete”. Instead, 
by deploying a defensive shield of impressive but imperfect capa- 
bilities, each side gives the other an extra reason to strike first; the — 
shield will be less effective against an unexpected massive first . 
strike than it will against a ragged retaliation by the survivors ofan. 
attack. Nor will the shield necessarily save lives. A superpower © 
confronted with a star wars defence could decide to aim a higher 
proportion of its missiles at cities to preserve its ability to deter. 
Finally, the development of a star wars system makes the chances 
of reducing the number of nuclear weapons increasingly remote; — 
if your enemy has a shield you need more arrows. 

It is argued by some that even if the defensive notion turns out 
to be neither feasible nor desirable, there is no harm now in pur- 
suing the research that will keep the United States’ options open in 
the future. The harm, of course, is in allowing the quest for 
rational progress on arms control to be delayed by the search for’ 
technical panaceas; in believing that the next weapon ¢ r gadge 


















Keyworth testifying on star wars research to the Senate: Foreign : 
Relations Committee last month: “While I see absolutely no need 










ish Technology G ns 


A FIERCE attack on the British Technology 
Group (BTG) was launched this week by 
<- the House of Commons Public Accounts 
Committee (PAC). The chief criticism 
centres on the investment by the National 
_ «Enterprise Board (with the National Re- 
=~ search Development Corporation one of 
`. the two components of BTG) in the 
- company called NEXOS, set up in January 
- 1979 to develop and sell an integrated 
office automation system. PAC complains 
that it is “far from satisfied’? with the 
explanation of how the company lost £31 
million before it went into receivership in 
October 1981, and asks that the Depart- 
ment of Trade and Industry should carry 
out an investigation which ‘‘we shall wish 
to examine’’, 
PAC says it has been hampered in its 
investigation of the collapse of NEXOS 
Office Systems Ltd by the fact that the 
Auditor and Comptroller-General does 
not have access to the accounts of the 
» National Enterprise Board (NEB). It has, 
> however, been able to establish to its own 
_. Satisfaction from evidence given by 
officials that NEXOS, intended to market 
an office automation system based on 
word processors, facsimile machines and 
voice systems, failed because of over- 
optimistic projections of its sales, ‘‘un- 
- satisfactory” relations with component 
_ suppliers and ‘‘management deficiences’’. 
~~" The PAC report explains that NEXOS 
=- when founded was dependent on a 
= : commercial agreement with Logica VTS to 
be the sole source of supply of a word pro- 
cessor which had not been developed when 
the company first began trading and which 
: was eventually put into production after 
the date first promised. PAC says that 
-NEXOS ‘‘was obliged to AR 
one effectively under a cost-plus contract”, 
~~ word processor over whose P EA 
` and quality it had no control, and under a 
< eccontract that did not specify what should 
-. happen if ‘something went wrong’’. 
-. PAC says that the trading loss reported 
«x for the period of NEXOS’s existence of £17 
million seems “extraordinarily high’’ by 
+- the yardstick of the company’s best sales of 
£8.9 million in 1981, the year in which it 
: collapsed. The committee also asks 
_ > “whether any consideration was sought in 
~~ respect of the £5.2 million loss’’ quoted for 
< research and development and asks why 
~£0.6million of public money was written 
off unde he heading of “bad debts”. 
















































for new academics should be lengthened, 





ommons committee 
hows no mercy 


the British Government’s legislation for a 
formal merger of NEB and NRDC, which 
has been planned for the past two years. 
Evidence given to PAC confirms that the 
unified organization is likely to function 
more as a sponsor of innovation along the 
lines of NRDC than as a source of public 
money to be used as venture capital, the 
chief role of NEB in recent years. 

PAC is also, however, critical of BTG’s 
handling of INMOS, the company set up in 
1976 to manufacture silicon chips in the 
United Kingdom. Acknowledging that the 
venture was a “‘high-risk’’ undertaking, © 
PAC says it is disappointed that sales 


British universities 


Tenure principle to be trimme 


THE British Government seems to have hit 
on the one device for the abolition of 
tenure in British universities that is likely to 
satisfy British academics. The Secretary of 
State for Education and Science, Sir Keith 
Joseph, announced last week plans to set 
up a ‘‘Statutory Commission’ whose 
function will be to amend university 
charters to remove from academic 
contracts of employment explicit refer- 
ences to the expectation that academic 
appointments will normally continue until 
‘‘normal retirement age’’. 

The first reactions of university vice- 
chancellors to the proposal are generally 
speaking those of people fearful of being 
about to be hanged who have had their 
sentences commuted to life imprisonment. 
For the past four years, the British Govern- 
ment has made no secret of its distaste for 
the principle of tenure, and two years have 
passed since the Committee of Vice- 
Chancellors and Principals put forward 
proposals for amending the standard con- 
ditions of tenure. In particular, the com- 
mittee suggested that probationary periods 


































and raised the possibility of periodic 
reviews of individuals’ performance. 

In a letter to the committee last week, Sir 
Keith Joseph complained that ‘‘with one or 
two limited exceptions, there has been no 
response” and said that the problem is 
probably one that the universities cannot 
“resolve by themselves’”. | . His letter also, 
however, makes plain t 
government’ 5 objecti 
















The vice-chance 
a ’s En 


` q forecasts have Sintiti been unfulfi 
but seems even more dismayed that t} 












company’s plan to employ 4,000 people b 
the mid-1980s has not yet been achieved, 
and that employment at Colorado Springs 
in the United States is still greater than that 


in Britain. 
The future of BTG will no doubt be 


clouded by these opinions. The formal 
merger of the two component organi- 
zations apparently waits on parliamentary 
time (and the government’s stomach for . 
the argument it will provoke), but by all 
accounts BTG has now submitted its cor- 
porate plan to the Department of Trade 
and Industry, on which basis it is likely that 
the government will outline for BTG the 
manner in which it will be allowed to 
continue. One matter still unresolvedisthe — 
promise, made at the Prime Minister’s — 
seminar on technology last September, that _ 
NRDC will relinquish its first refusal of: 
innovations arising in the public sector. © 


































academic employment has thus been with- 
drawn. Even so, the government will h 
to obtain an Act of Parliament delegating 
power to legislate to commissioners, whose — 
task will be to rewrite university charters in 
line with the terms of reference eventually 
embodied in the act. s; 
Meanwhile, the new development. will 
provide academic lawyers with a: rare 
opportunity for archival work. The 
proposed statutory commission will be the 
first since that which, in the early 1 
arranged to bring the universites of © Oxf 
and Cambridge within the umbrella 
public support by giving the ce 
administration of the two universities tł 
right to receive funds from the then: 
University Grants Commission. 
earlier commissions (in the 1850s 
1870s) had similarly been concerned 
the affairs of Oxford and Cambridge. . 
The enforced reduction of acac 
staffs in British universities in the pa 
years appears, so far, to hav 
accomplished without the princ 
tenure being challenged directly. Pe 
the explanation appears to have been the 
relatively generous conditions on which it 
has been possible for academics over the _ 
age of 50 to retire early, but it seems clear — 
that the academics’ representative organi- - 
zation, the Association of University — 
Teachers, has been anxious to avoid cor 
frontation for fear of having to haz d 
principle of tenure, 
The universities seem also. to have won 










































































Tokyo | 

JAPAN'S fifth-generation computer project 
has taken a big step towards its preliminary 
goals with the successful construction of a 
prototype relational database machine — 
. the first of its kind. 

— The fifth-generation computer project 
-> aims at the development, by the 1990s, of a 
completely new form of computer that can 
communicate in everyday language, 
“reason intelligently” and bring enormous 
amounts of stored knowledge to bear on 
any problem that the user might set it. The 
machines are intended to be cheap and 


> reliable enough to be used in homes and. 


offices. Some talk as if they will 
revolutionize society by making freely 
available a huge fund of expertise that will 
stly “amplify human intelligence’. 
‘When the project was announced by 
the Ministry of International Trade and 
Industry (MITI) in 1981, its sheer boldness 
and originality astonished people in the 
est.. Japan, considered weak in funda- 
mentally new ideas, seemed overnight to 
have produced a plan that would give it an 
unassailable lead in advanced computer 
_ technology. One expert even uncharitably 
described the plan as a ‘‘technological 
| Mein Kampf *'. 

Since then, Western governments have 
responded more rationally with new 
projects of their own. There are, for 
ample, advanced information 
| Sidon oe in the United 


: the | United States’ Defense Advanced 


LATIONAL databases are not in them- 
new — their mathematical basis was 
d out in 1972. What makes them distinct 
m_ more conventional data bases, and 
particularly suits them to ‘‘intelligent’’ 
applications, is their simplicity of organi- 
zation. Entries consist purely of relations 
(essentially two-dimensional tables). 
... ‘This provides access to any datum in the 
_ base either directly or through association 
and allows data sets to be rearranged in new 
combinations. If, for example, a set of 
statistics about university students and 
their examination results is stored in a 





„relational data base, it is easy to ask the | 
Does Tim like doughnuts? 


written as: 
| a likes 


base to provide, say, the names of all 


l students who scored exactly 85 per ad 





their examinations. sod ally by se 











‘if th-generation machines here 


Research Projects Agency were directly 
inspired by Japan. 

The fifth-generation computer will be 
composed of three main functions: an 
intelligent interface allowing it to com- 
municate flexibly with humans by 
speaking, writing or drawing; problem- 
solving and inference functions allowing 
problems to be solved by deductive and 
inductive inference as well as by making 
sensible guesses where knowledge is in- 


complete; and a knowledge base function | 


able systematically to store and retrieve not 
only vast quantities of data but also judge- 


“ments and test results. 


It is within this third unaii that 45 
researchers at the Institute for New Gen- 


eration Computer Technology (ICOT), set | 
up by MITI to run the project in coop- | 


eration with Japan’s big eight electronic 
manufacturers, have now announced a 


major step forward. Success with the con- 


struction of the relational database 
machine follows by five months the com- 
pletion of the hardware of one of the other 


two essential parts of a prototype fifth- 


generation machine — a sequential 
inference machine. _ 

The novelty in ICOT’s machine is that 
relational software has been replaced by 
specially developed hardware. Not all the 
control software is complete so the 
machine is not actually doing anything yet. 
But when in operation, it will be the first 
true relational database ‘‘machine’’, 
working two orders of magnitude faster 
than anything else available. Named Delta, 
the device consists of two parts: a relational 
processor complex containing pipelined 


ogic and language for the new generation 


was originally devised for solving problems 


that involve symbolic representations of | 
objects and relationships between them. | 


To the average programmer, accustomed 


to writing sequential instructions, 


PROLOG is something of a surprise. 
Thus programmes are written in terms of 

facts, for example: 

Tim likes doughnuts 

written as 

likes (Tim, doughnuts) 

rules, for example: | 

Tim likes any object 

provided it is sweet 

and questions, for example: 


(tim, doughnuts) 
irch to be made to see 


el ; complex logical 


‘felational alein engines 


inference machine by next spring. ICOT 


| machine, which broke new. ground as 


| machine, probably based on a data flow 





| will decide whether a Japanese fifth- ` 
t generation computer will emerge in the 
g declaration can be | | 









Toshiba) and a hierarchical memory sub- a 
system (built by Hitachi), plus aninterface 
(built by Oki). The aim is to be able to- 
connect it with the prototype sequential 





hopes then to have two-thirds of a proto- | 
type fifth-generation machine, providing 
the programming environment in whichto — __ 
tackle the really big problems ahead, 
Connecting the two together requires 
that both operate on the chosen ‘“kernel’’ 
language of extended PROLOG, the 
advanced logic programming language 
invented in France and developed in the 
United Kingdom. There are several tricky _ 
software problems to be solved. ee 
That both ICOT’s sequential inference __ 








hardware by allowing extended PROLOG n 
to be used as its machine language (see. 
below), and the relational database centre -r 
on relations between things is no accident. _ 
ICOT’s visionary director, Kazuhiro 
Fuchi, sees the predicate logic they use,- 
established by Godel in the 1930s, as the- 
key to building knowledge information 
processing systems. Indeed, he has said 
that the present generation of computers, 
based on the Turing theory published in 
1936, may one day be seen as a ‘“‘gigantic 
historical detour’’. 

The fifth-generation computer project is 
scheduled to last ten years. The first three 


“years, up to next spring, seem likely to 


achieve the goal of a prototype machine to 
be used as a base for further research. 
Eventually, however, machines will haveto | 
work at incomparably greater speeds than 
at present. The goal is 100 to 1,000 million 
logical inferences per second (Lips), 
compared with just 30,000 Lips for the 
present machine. 

This speed can be achieved only by 
switching to some sort of parallel archi- _ 
tecture for the sequential inference | 












model (in which the University of 
Manchester is an acknowledged leader). 
The project also has to solve the stupen- 
dous problems of developing syntactical = 
analysis systems allowing communication 
with humans in natural language, makinga 


| complete revision of PROLOG for parallel 


use, developing knowledge-base machines 
utilizing parallel operations and pattern 
information processing systems. 

What has been achieved so far consists of 
the rapid and determined development of 


| ideas well researched elsewhere. The four- 
year intermediate stage of the project 


beginning in 1985, however, requires 
radical innovations — on time. Those years 







1990s or whether it will have to be post- 


poned until the world of informatio 
| technology i is much further advanced. 
ced and compli- | Hh a 


made from one state- |” 75.4 i 
a Alun Anderson 














Washington 
JA FEDERAL judge in Utah has ruled that 
- fallout from nuclear bomb tests was the 
< “proximate cause’ of certain types of 
= cancers developed by nearby residents, and 
_. that the government had failed to take 
proper precautions. Ten plaintiffs, who 
= © had developed thyroid cancer, breast 
--gancer or leukaemia, were awarded a total 
of $2.7 million in damages. All but one of 
© the ten have since died from their illnesses, 
The judge ruled that another 14 plaintiffs, 
~~ who developed other forms of cancer, had 
not proved a link to the fallout. 





















appealed by the government, it has given 
encouragement to thousands of others who 
-are claiming injury from exposure to low- 
level radiation generated by the govern- 
- ment’s nuclear programme. These include 
< 375 other residents of southwestern Utah 
«whose cases have not yet come to trail; 
- uranium miners, who say they were not ad- 
vised of the risks of radiation exposure; 
© workers at the Nevada Test Site; sheep 

ranchers in Utah who claim their flocks 

were killed by fallout; and ‘‘atomic 

veterans’’ who served at Hiroshima and 

Nagasaki in Japan and at nuclear test sites. 
The judge’s decision rested heavily on a 
finding of negligence on the government’s 
part in failing to carry out a proper moni- 
toring programme that could have 
measured radiation levels in nearby areas 
and in failing to warn residents to 
recommend simple precautions. The 
: plaintiffs lived approximately 100 miles 


‘Tue Polish Ministry of Science, Higher 
` Education and Technology has refused to 
confirm in office the newly elected rector of 
_ Warsaw University, Dr Klemens Szaniaw- 
<o Ski. This decision runs counter to pledges 
-3 given through the goverment press spokes- 
coo man, Mr Jerzy Urban, that university 
> officers elected in accordance with the 1982 
- Higher Education Act would be confirmed 
in office ‘‘with a possible exception”, The 
coo exception Urban referred to, however, was 
Dr Janusz Onyszkiewicz, the mathematical 
-logician recently elected to the Warsaw 
University senate who had been the chief 
press spokesman of Solidarity. Dr 
- Szaniawski, however, was not even a 
member of Solidarity. 
= The swift response from the ministry on 
-< Dr Szaniawski is surprising. According to 


"the procedure laid down in the 1982 act, the | 


minister had two weeks to reach a decision. 
i In the matter of Dr Onyszkiewicz’s election 
-to the senate (a post far less significant for 
“the manning, of the ie a stalemate 


rnment arraigned 
from the Nevada Test Site during the 1950s | 


 counter-claim 


and early 1960s when above-ground | 


~ Although the decision is certain to be- 


nuclear testing was carried out. The 


plaintiffs were able to sue under a special | 


law that allows findings of negligence 
against the government in certain cases. 


In establishing the nuclear tests as the | 
_ most likely cause of the cancers, the judge 


accepted the conclusions of several contro- 


versial studies that found higher than | 


normal cancer rates in the region. A 1979 
study by Dr Joseph Lyon of the University 
of Utah, cited in the ruling, found nearly 
twice the incidence of leukaemia in 


compared with children who were born 
long enough before testing began to escape 
exposure. That study, however, has been 


strongly criticized, most recently by Dr | 


Charles Land of the National Cancer 
Institute; Land argues that the rate of the 
exposed group is actually no higher than 


the normal rate of Utah, and suggests that | 


the lower rate of the earlier group may be 
the result of under-reporting of the disease 
at a time when that remote part of Utah had 
relatively poor health services. 

The three cancers that the judge said 
were linked to the nuclear tests are the most 
sensitive to radiation induction. The 
plaintiffs received radiation doses of, typi- 
cally, a few rads. According to several inde- 
pendent experts, these doses — particularly 
in the case of the leukaemias — are enough 
to attribute a significant though not over- 
whelming probability of causation to the 
nuclear tests. Stephen Budiansky 





Government veto for Warsaw rector 


‘‘improprieties’’) at the end of March. The 
outgoing rector, Dr Kazimierz Dobrewol- 
ski, said that he was working on his reply 
and then said he could not act further 
because he was unclear whether he should 
convene the old or new senate. 

By vetoing the election of the new rector 
within three days, the ministry has clearly 


indicated its commitment to the slogan | 
enunciated by Politburo member Tadeusz 


Porebski, at the plenary meeting of the new 


Association of Polish Students. The party 


and state leadership, he said, is ‘‘deter- 
mined to counteract the capture of 
management posts [in education] by people 
who do not guarantee the socialist 
character of the school”. Earlier official 
warnings had said only that the authorities 


could not tolerate university elections | 
ower: base for | 


being used to secure 

‘‘opposition’’ element 
Dr Szaniawski, how 

moderate figure whe 


Claim and 


| which he believed could be directly 










uc ear tést fallout: 2 


Canberra 
THE federal Australian Labor Government = 
is under growing pressure from its own 
backbenches and the Labor premier of 
South Australia, Mr John Bannon, to fur- 
nish more information about alleged secret 
nuclear tests at Maralinga in 1963, the 
allegedly unmarked burial of radioactive 
equipment and the storage of British 
tactical nuclear weapons on Australian soil 
during the 1958-61 partial test ban. It is 
also alleged that human guinea pig experi- 





children exposed to the fallout as |- ments were conducted during the seven 


official tests at Maralinga in 1956-57. 
Former civilian and ex-military workers on 
the test sites have risked prosecution under 
the Official Secrets Act to come forward : 
with accounts — some anonymous, some 
in part mutually corroborative — that sug- 
gest unacknowledged nuclear te 
operations. These include stories of badly 
burned military personnel ‘‘berserk with 
pain’’, civilian workers told to ‘‘climb 
ladders” or to remain unwittingly in areas 
five miles away, during the tests carried out 
in the 1950s, and of fireball and mush- 
room-cloud explosions observed in 1961. 
These claims follow the death-bed 
allegations by a former Royal Air Force 
technician, Mr John Burke, that he had 
found four aborigines dead in a bomb — 
crater after one of three previously un- 
disclosed tests in 1963. His claim to hav 
informed the Commonwealth police o 
deaths has provoked charges of an official 
cover-up, since no record has yet surfaced. 
Mr Burke died on 1 May of stomach can 























attributed to the tests. : 

Claims by the UK Ministry of Defence 
(MoD) that the three 1963 implosion trig- 
ger experiments were one-ton chemical — 
blasts involving polonium may explain the... 
aborigine deaths, but not, perhaps, the ex- 
tent of the damage reported in the 1961 
blasts, in which steel constructions are said 
to have been oxidized and lead bricks fused 
at a distance of one mile. The MoD ‘‘con-. 
firmation’’ that the 1963 tests were ex- 
tremely minor sits uncomfortably with the 
recently-leaked unexpurgated version. of 
the Pearce report on residual contamin- 


` ation at Maralinga, in which 20 kilograms 


of plutonium is reported to have been 
spread over four Maralinga sites during 
1956-63, resulting in plutonium plume § 
above-tolerance radioactivity exten 
over thousands of hectares: a 

The anecdotal eyewitness reports are at , 


tially | present unsubstantiated, but Sou 













hemistry in Japan 


INCREASED support for fundamental 
research in the life sciences is planned in a 
report to Prime Minister Yasuhiro 
` Nakasone by Japan’s top science policy- 
~ making body, the Council for Science and 
-= Technology. 

< Concern about the long lead of the 
United States in basic research in molecular 
biology and the effect this will have on the 
©. commercial exploitation of genetic engin- 
<- eering lies behind the report, and swift ac- 
~~ tion is expected on its main recommend- 
< ations — increasing the numbers and 
< mobility of young researchers and streng- 
-othening the technical back-up for bio- 
technology. But university researchers are 
likely to be disappointed, for although the 
port is entirely concerned with ‘‘funda- 
mental’ research, the government sees this 
as ‘‘essential research fundamental to plan- 
ned applications’’. Expansion of truly fun- 
Pamenta research in the universities is 






































































‘To prepare the report, the council, which 
includes the heads of the science and 
finance-related ministries and agencies as 
well as industrial leaders, took special ad- 
vice from both a life sciences group drawn 
from government, universities and in- 
dustry and from a special committee com- 
prising 22 of Japan’s leading molecular 
biologists. Nakasone is expected to accept 
the report within a few weeks, when the 
ministries will be expected to work out how 
jt might best be implemented. The financial 
mplications should be included in ministry 
draft budgets by the end of the year. 
Professor Hiuga Saito, head of the 
okyo University’s Applied Microbiology 
Institute, who was the chairman of the 
council’s special committee, stresses that 
1e most important point made by the 
sport is the need to give more young peo- 
le a training in biotechnology, perhaps by 
eans.of special fellowships which would 
llow young scientists to carry out original 
research — a possibility already under con- 
sideration by the Ministry of Education, 
Culture and Science (MESC). 

cxe The report particularly emphasizes that 
-cali three of Japan’s research groupings — 
_ the universities, government research 
_ laboratories and industry — must be en- 
- couraged to work together more closely. 
_ Theidea of a special research institute, sup- 
ported jointly by government and business, 
where young people could be trained, is 
floated. But the university side shows little 
husiasm for that project, and the 


































































hances are that it will proceed no further. | com 
A more promising Proposal is. s the pe 


pplying f undamentals — 


freedom for young people to carry out in- 
dividual research, and increased flexibility 
in the supply of equipment, perhaps by ar- 
ranging for the rental of expensive equip- 
ment, are other possibilities. 

University workers may gain from the 
recognition in the report that the pace at 
which biotechnology is advancing means 
that scientists can stay on top only if they 
can circulate around top laboratories — 
increased exchange of researchers is called 
for, both within Japan and between Japan 
and foreign countries, including more 
visits from foreign scientists. 

The report also calls for the government 
to step up efforts to secure the basic 
resources of biotechnology. Calls are made 
for the creation of a larger collection of 
microorganisms, including those with 
special characteristics and from unique en- 
vironments, as well as increasing stocks of 
cell lines, particularly those useful for the 
creation of hybridomas. 

More rapid and thorough dissemination 
of data, particularly DNA and protein se- 
quences but also data on the special charac- 
teristics of organisms and their life cycles, is 
seen to be important. A new computerized 
database to complement those existing 
elsewhere may result. Finally the report 
argues for the provision of more sophisti- 
cated tools for molecular biology — 
automatic DNA and protein synthesizers 


and analysers, and microinjection and 





laser techniques. 

If all these measures are put into effect, 
the result should be a major fillip for 
research in industry but not for the uni- = 
versities. What the universities lack at pre- | 
sent is not money for molecular biology but 
permanent research staff. An increase in 
staff (or the new college or department of = 
life sciences that Professor Saito would like 
to see) is, however, almost impossible — 
under the present administrative system 
because the government has a long-term- 
commitment to reduce the number of civil 
servants — and university researchers are > 
civil servants, employed by MESC. — : 

Industry can expect to benefit quickly ~ 
from an increased flow of researchers and .. 
resources. Indeed, confidence that .— 
industry can do its own biotechnology: _ 
research and apply that research with 
superb efficiency is expressed in a report s 
from a private advisory body, the Japan 
Economic Research Centre, published 
after the government council’s report. The 
report predicts that Japan will be the wor 
leader in biotechnology by the end of the 
century: joint ventures and technical links 
with foreign companies will bridge the gap 
over the next three to five years and then 
Japan’s proven ability to commercialize 
technology should enable it to begin to 
move into the lead. The only note of cau- 
tion behind such predictions is the proviso 
that the universities will have to provide a 
good supply of trained personnel in search 
of jobs. Alun Anderson 






















Molecular sequences 


UK community seeks access 


BritisH molecular biologists, frustrated 
by inadequate computing facilities, are 
attempting to persuade research councils 
and cancer charities to finance a new 
national computer link-up and software 
support scheme for protein and DNA se- 
quencing. Their problems will be aired at a 
special meeting next month of the Inter- 


Research Council Coordinating 
Committee on Biotechnology with 
interested parties. 


The stimulus for the meeting was a letter 
from prominent researchers addressed to 
the three research councils that support 
molecular biology and to the Imperial 
Cancer Research Fund and the Cancer 
Research Campaign. The signatories were 
Dr Michael Ashburner of the University of 
Cambridge, Professor William Shaw of the 
University of Leicester and Dr David 
Glover of Imperial College, London. Their 
concern arose froma feeling in the research 

lity that scientists have to waste too 


a up have already been demonstrated | 


Enthusiasts in the research community, = 
however, are already talking fondly of a 
network of “maybe 6 or 8’” VAX machines | 
at national centres, providing regular 
updates for databases and allowing the- 
transfer of the latest software. These might 
in turn be connected to microcomputers © _ 
for local analysis once the letter crunching 
had been done by the large machines. One =- 
estimate puts a price of ‘‘one or two 
million’’ pounds on the scheme. 

The three research councils involved, the 
Medical Research Council, the Agricul- 
tural and Food Research Council (AFRC) 
and the Science and Engineering Research 
Council, all have their own budgetary 
problems. But, it is pointed out, all of these 
bodies give a high priority to the new 
biology, and the cancer charities are 
thought likely to look favourably on the 
idea. One of the difficulties is that the — 
subject falls between the concerns of 
several research councils; however, the 
existence of the inter-research committee, 
whose chairman is Dr John Ingle of AFRC, 
has allowed a quick response. And, itis- 
argued, the advantages of a computer! 
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oviet missiles 
unwelcome 


THe Czech human rights organization, 
Charter-77, two weeks ago formally 
=c. repudiated views it alleged had been 
ascribed to it by the British-based 
© “European Nuclear Disarmament”’ 
movement (END). Peace, said the 
~ Chartists, is not in itself a sufficient goal — 
-> it may mean little more than passivity in the 
face of tyranny. International peace, they 
said, can be guaranteed only if govern- 
| ments treat their own citizens with respect. 
-  Charter-77 is not a peace movement; there 
is a “long road” from ‘‘the absence of 
= war” to “real peace”. 

‘The Chartists’ statement seems an over- 
reaction to the current Warsaw Pact propa- 
ganda which puts the entire blame for the 
present nuclear confrontation on the 
United States. The Czechoslovak people as 
a whole seem reluctant to accept the official 
line. Party activists have reported difficulty 
in convincing factory meetings of the 

essential difference between ‘‘aggressive’’ 

United States missiles and their Soviet 

counterparts now being installed in 

Czechoslovakia to ‘‘defend peace’’. 

Many have signed petitions against 
Soviet missiles, and students at the Charles 
University in Prague, aware that signing 
the petition would almost certainly result in 
expulsion, devised their own form of 
protest; a huge placard condemning the 
- Soviet missiles was set up near the entrance 
< to the university, with an invitation to all 
who agreed with the message to draw a little 
Sun on it. Within a couple of hours, the 
























There is now evidence that concern 
about the Soviet missiles is widespread 
throughout the bloc. In East Germany, 
which is also to accommodate the Soviet 
missiles, there is a well-established ‘‘inde- 
pendent” peace movement. This accepts 
~ ` the concept of the bilateral withdrawal of 
=. missiles (and later of conventional arms), 

but is not acceptable to the authorities. 

And in both Hungary and Bulgaria, the 
governments have denied widespread 
rumours that Soviet missiles may be arriv- 

ing in the near future. The Bulgarians are 
particularly incensed, as they are com- 
mitted to the campaign for a Balkan 

= nuclear-free zone. In Romania (except 
>= when Soviet visitors are present), even 
_ official spokesmen take the line that they 
cannot apportion blame, albeit with hints 

= that the West must make the first move. No 
© “unofficial” opinions, have so far been 
reported. 
Poland has so far contrib dlittleto 





„mended limits, 





Toxic chemicals | 


UK guidel 


BRITAIN’s Health and Safety Executive 





| seems to have pleased nobody with its first 
| attempt at British guidelines on occu- | 


pational exposure to toxic substances, 


published last week under the unassuming | 


title ‘‘Guidance Note EH 40’’. Some of the 


concentration limits specified are admitted | 
by industry not be be achievable in the fore- | 


seeable future, while trade unions are com- 
plaining that the new document weakens 
their members’ legal protection. 


Until last week, Britain relied largely on | 
the toxic chemical guidelines produced | 


annually by the American Conference of 


Government Industrial Hygienists. These | 


were used by factory inspectors to assess 
compliance with the statutory requirement 
on employers to ensure their employees’ 
health, safety and welfare ‘‘so far as is 
reasonably practicable’ 
of practice between Britain and the United 
States, and the conflicting requirements of 
European Community directives, made 
home-grown guidelines desirable, and con- 
sultations were started in 1980. 

The main change is that short-term 
exposure will in future be assessed over a 
10-minute period, rather than (impossibly) 
instantaneously. This has pleased those 
who worry about the theory of occu- 
pational hygiene, even though, for sub- 
stances with very rapid effects, the 
10-minute principle will have to be ignored. 
But the numbers in the new list are copied 
wholesale from the US list it was intended 
to replace. 

These ‘‘recommended limits” are ‘‘con- 
sidered to represent good practice’’ and 
will be used by factory inspectors ‘‘as part 
of their criteria for assessing compliance’’. 
The Health and Safety Executive explains 


that there are not enough toxicity data on | 


most substances to warrant ‘‘control 
limits”, which have been drawn up for 
fewer than a dozen materials. Control 
limits for these materials have been set after 
prolonged haggling between employer and 


| union representatives on the executive’s 


Advisory Committee on Toxic Substances. 
Embarrassed by the shortness of the list of 
control limits, executive officials stress that 
EH 40 will be updated regularly. 


Control limits, as distinct from recom- | 
are considered to be 


‘*reasonably practicable” and ‘‘should not 


normally be exceeded’’, according to the | 


executive. But Mr Edward King, an ex- 
president of the Institute of Occupational 
Hygienists, says that the existing control 


limited for lead could not be achieved at | 
any secondary lead smelting factory in 
Britain in the forseeable- future with- | 


out unrealistic ex 


NEWS- ToT 


*. But differences | 


| Brown of the Worldwatch Institute, Mar 








nes a compromise 


difficulties. : 
The Association of Scientific, Technical: 
and Managerial Staffs (ASTMS) con-- 


demns EH 40 for being out of date, based = 
as it is on the US list for 1980, which has = 


since been updated. Others think this is no 
bad thing. ASTMS also complains that it 


has not been given documentation of the _ a 
new limits — although there does not seem = 


to be any new scientific work underlying 
EH 40 and the union is represented on the 
committee that fixed the limits. 

So what is the professional occupational 
hygienist’s considered view of EH 40? Mr 
King has no hesitation in describing it as 
window-dressing that will do nothing to. © 
improve anyone’s health. He believes that 
most damaging exposure to toxic industrial 
chemicals now occurs during cleaning and 
maintenance work, when normal codes of. 
practice are often informally suspended it 
any case. Real improvements will have t 
wait until factory inspectors are more 


numerous or can impose more effective 


sanctionsthanatpresent. Tim Beardsley z 





Modest ecological 
disaster discussed 


Washington 
Wuart is fondly known as the ‘‘doom and 
gloom” lobby — the environment and 


world-future think-tanks that have been 


warning us for years about overpopu- 
lation, deforestation, acid rain, soil ero~— 
sion and sundry depletions of non- 
renewable resources — met in Washington 
last week to say that things are not so b | 

after all. A conference organized by th 
World Resources Institute (a new ‘‘Cente 
for Policy Research” in the Brookin 

Institution mould that is also known as th 
Council-on-Environmental-Quality-in-- 
exile, thanks to the Reagan Admini- 
stration’s efforts to do away with that. 
agency) entitled ‘“‘The Global Possible” 
concluded that while the “doom and 
gloom’’ scenarios ‘‘could be valid”, they 
were “confident that these trends can be 
reversed’’. How? By holding the world 
population to 8,000 million, arranging for 
a smooth transition to non-fossil fuels, 


controlling tropical deforestation, — 


avoiding a disruption of global climate, . 
increasing agricultural production, _ 
decreasing soil erosion, and, last but no’ 
least, strengthening public support 
sound resource management, 

Among the participants were 
Train of the World Wildlife Fund, Leste 











































: THE Oxford English Dictionary, generally 
- known as the OED, plans to leap into the 
_ twentieth century by investing £7 million in 
„the computerized production of a new 
edition, a merger of the existing 12-volume 
-dictionary with the four-volume supple- 
ment still not yet complete. Announcing 
this plan earlier in the week, Oxford 
University Press said that the merging of 
the OED and supplement into a single 
printed work (to be published in 1988) is 
merely the first phase of an ambitious 
programme leading to the availability of 
the dictionary in an electronic form and 
eventually to the use of computers for 
novel lexicographical purposes. 
- Oxford seems to have been able success- 
fully to turn the respect and affection in 
which the OED is held into tangible 
support for the computerization project. 
IBM (UK) Ltd is lending for the first phase 
of the project computer hardware (a 4341 
processor and up to a score of terminals), 





on secondment. This assistance, valued at 
£1 million over the duration of the first 
phase, compares with the £6.5 million in 
-cash and kind committed in a year by IBM 
to the support of computer development 
projects in the United Kingdom. i 
The Department of Trade and Industry 
has also provided a grant of £288,750 from 
its fund called Support for Innovation. The 
donkey work of ‘‘data capture” (or 
eyboarding) will be carried out on a 
ommercial basis by International 




















Computaprint of Fort Washington, 
Pennsylvania. 
- In preparation for the later phases of the 










ë lop software for the computerized 


language quantified 


oftware and the services of two specialists 


“project, Oxford has also made an arrange- | 
ent with the University of Waterloo, | 
, Canada, which has undertaken | 


mndling of lexicographical data. One | redi 


of which might be sufficient to contain the 
1,000 million characters in the new edition. 
Oxford will pay a royalty for its use of the 
software, which the University of Water- 
loo will be free otherwise to exploit. 

For users of the dictionary, the chief 
disappointment will be that the new | 
edition, to be called the New Oxford 
English Dictionary, will be innocent of the 
entries accumulated since the appearance 
of the first supplementary volume nearly 
twenty years ago. Keyboarding will begin 
in September this year, but between now 


, and then the diction 
| concerned to develop the means by which 








ary staff ‘tub. be chiefly í 


the entries in the OED and the four supple- 
ments can be accurately logged and 
merged, given the variety of typefaces and <; 
alphabets used and the need for subjective 
judgement in telling how supplemental 
entries supplement the originals. | 
As things are, the project is cautious oe 
about the extent to which the resource 
being computerized may be used as an 
automatic source of novel dictionaries, but 
there seems a good chance that scholars will 
eventually be able to use the dictionary asa. 
means, for example, of monitoring the rate. ~ 
at which nouns are being converted into. 
adjectives or even verbs. Lies 





Nuclear power 


UK peers give Europe advice 


THE European Commission should play a 
stronger role in environmental and energy 
policy-making, according to a new British 
report from the House of Lords Select 
Committee on the European 
Communities. The committee concludes 
there is a clear need for an authoritative 
international assessment of safety and 
other environmental aspects of nuclear 
power aimed at reassuring public opinion. 
It suggests that the commission might join 
forces with a body such as the International 
Energy Agency, in order to avoid the 
appearance of making propaganda. 

In the meantime, it suggests that 
European reliance on the pressurized water 
reactor could have the ‘‘grave 
disadvantage” that a serious fault or an 
accident in one of these reactors might 
cause public opinion to swing against the 
nuclear energy programme in general. 
Because of the need to support diverse 
energy sources, their lordships are 
concerned to protect and encourage the 
role of nuclear power, so they suggest that 
the EEC should give serious consideration 
to advanced gas-cooled reactors (AGRs) as 
a possible future design. One of Britain’s 
AGRs, at Hinkley Point in south-west 
England, is described as ‘‘a model of 
efficiency’’. 

_ The House of Lords Committee reserves 
some scornful words for the present 
policies of the European Commission’s 
Directorate-General XI, which concerns 
itself with environment, consumer 
protection and nuclear safety: ‘‘Public 
concern — well-intentioned but not always 
well-informed — leads to regulatory action 
before the relevant facts have been 
established”. The Commission directive on 
sulphur emissions is cited as an example. 

The pper Faropean objective of 

oes is 





















































follow 
Public Accounts Committee, whi 
come eee that agricultural research is 








imports of coal into the EEC, which a 
thought likely to be necessary in the 1990s 
It therefore says that “‘profitable hom 
production of coal should b 
encouraged’’, a delicately-worded 
statement that might be taken up by either 
side in the current British miners’ strike. 
Tim Beardsley 


AFRC cuts meet 
disapproval 
British Members of Parliament have 
taken up the cause of scientists employed 
by the Agricultural and Food Research - 
Council who are threatened by redun- 
dancy. A report from the House of 
Commons Agriculture Committee 
published last week chides the government 
for imposing on the council cash limits that 
have forced a programme of contraction. 
The committee’s predecessor in the last 
parliament recommended a shift towards 
more food research, a move since imple 
mented by the council. But the new 
committee now protests that it was never 
intended that this should be at the expense — 
of mainstream agricultural research. i; 
The council’s submission to the 
Advisory Board for the Research Councils 
on scientific opportunities for 1985-86 
includes a similar request for more 
provision for food science without this 
being at the expense of other work. Plant 
biotechnology is another area where the 
council wants to see increased provision. 
The government’s response to last year’s 
Agriculture Committee report was to 
propose a new priorities board to advise on 
the strategy for scientific research related 





















_ to agriculture, though in the words of Mr 
Michael Jopling, the ; 







“it is expected the advice will usually be i 
”,. But this does not satisfy the 













Sir — Our study of frost rings as indicators 
of climatically effective volcanic eruptions 
= (Nature 307, 121; 1984) was discussed by 
= John Maddox in the same issue (p.107) in 
the context of recent calculations model- 
_ding the long-term consequences of nuclear 
war. We appreciate his synopsis of our 

~~ study but we do not necessarily agree with 
his conclusions on the applicability of the 
frost. ring-eruption relationship to the 


“nuclear winter” question. Mr Maddox | 


emphasized the formation of a frost ring as 
evidence of a short-lived climatic response 
-toa major eruption and contrasted this 
seemingly moderate reaction to an 


































scenario, attributing the disparity between 
the two responses to the nature of the 
assumptions made about the quantities of 
diist carried into the stratosphere. 

Frost rings are most likely to form at the 
nd of a summer that is already notably or 
even abnormally cool. Cold delays the 
completion of cambial activity, rendering 
the tree more vulnerable to damage by late 
summer polar-air outbreaks, which occur 
while the tree is still growing. This suggests 
not only a short-term regional climatic 


sion of cold air over a period of a few days 
in years following a major eruption, but 
-also reflects a longer-term response of gen- 
eral cooling — an extreme example of 
which seems to have occurred in the North- 
Atlantic sector in the “year without a 
ummer’’, following the eruption of 
-Tamborain 1815. [fasingle point source of 
atmospheric aerosols injected into the 
¿stratosphere can have such significant 
„apparent short-term and long-term effects 


logical response, we believe the impli- 
cations for the response to global nuclear 
¿war are grave indeed. 

Nevertheless, the volcano-climate link is 


«portion of the nuclear-war scenario that 
- occurs as a result of large amounts of dust 
“and aerosols reaching the stratosphere . 
“One should indeed expect a large disparity 
between the respective responses of the 

-< climate system to the aftermath of a major 
©- volcanic eruption and the aftermath of a 
global nuclear war, as the former is a 
reaction to conditions primarily in the 
lower stratosphere while the latter is likely 
to be a far more complex response to 


entire atmosphere, the most important of 
which is probably cooling due to heavy 


concentrations of soot ad oe eet in the 















of its high absorbs 
range and low abs rption n the infra-red, 


Juclear war models 


3 atmospheric aerosol veil with the severe | 
picture presented in the nuclear winter | 


response, in the form of an unusual incur- 


on climate, as well as a characteristic bio- | 


“appropriate as an analogue for only that | 


conditions through. several layers of the | 


light | factor of 20 db, th 
a 100, will imakeit 10 








a climatic and biological response to an 


eruption’s aerosol veil — certainly | 


supports the likelihood of a similar effect a 
nuclear war, but that the volcano-climate 
relationship alone is not wholly analogous 
to the far more complex and much more 


severe climatic and biological responses | 


that Turco et al. (Science 222, 1283; 1983), 


Ehrlich et al (Science 222, 1293; 1983) and | 


Covey et al. (Nature 308, 21; 1984) have 
postulated. VALMORE C. LAMARCHE JR 
Laboratory of Tree Ring Research, 
The University of Arizona, 
Tucson, Arizona 85721, USA 

KATHERINE K. HIRSCHBOECK 
Department of Geography, 
University of Oklahoma, 
Norman, Iklahoma 73069, USA 


@ The point of that part of the article 


| complained of was to object that one of the 
principal references was then still “in pre- | 
paration” and to assert that predictions of | 


nuclear winter should be regarded as qualitative 
until more accurate data and calculations are 
available — Editor, Nature. 





Lie detector lies 


Sik — It is illuminating to express the 
results of studies in the fallibility of lie 
detection, such as that of Kleinmutz and 
Szucko!, in terms of the amount of infor- 
mation obtained, which can be measured 
as the ‘‘expected weight of evidence” intro- 
duced by I.J. Good. Doing so reveals that 
what is obtained is a small fraction of the 
information required to take any rational 
decision. 

Expressing experimental results as 
proportions: valid positive: proportion p 
of all actual liars, valid negative: pro- 
portion g’ of all truth-tellers, false positive: 
p = l -q , false negative: g = 1 -p. 
The expected weight of evidence is the ex- 
pected value of the logarithm of the Bayes’ 
factor, which is 

I = p log (p/p) + q log (q/q) 

The logarithms can be taken to any base 
desired, and 1 follow Good? in using 
logarithms to base 10°! and calling the 
result ‘‘decibels’’ (db). Strictly, due 
allowance should be made for the small 
sample size, but for illustration I shall use 
the crude proportions as quoted by Klein- 
mutz and Szucko, which will tend to over- 
estimate J. The value of J obtained for the 
results of their six interpreters are 1.3, 0.6, 
2.8, 2.1, 0.8, 1.3, averaging 1.5 db (the 


variation is probably random rather than a | 


reflection of varying skill). This is a very 
small amount of information. To make a 
confident decision: in normal circum- 
stances we usually n some 2 20 db — - for 
instance, if we start with thes 

“evens” (50 per c 








| entirely. 



















































































Lati: Tee — “that an ap 
parently honest person is a traitor, for in 
stance. If the prior odds are estimated « 
1,000 to | against, the log-factor requi 
for practical certainty becomes $0 db. 
If some procedure can be devised for co 
lecting many independent scraps of infor- 
mation like this and combining them ac- 
curately, for instance by estimating credi- 
ble log-factors and adding them, it might — 
be possible to produce a reliable result. The — 
‘guilty knowledge test’’? which Kleinmutz. . 
and Szucko refer to is an attempt to do this: 
Lykken suggests using 10 to 16 inde- 
pendent items, which might add up to from 
15 to 30 db. Where only the result of a. 
single lie-detector test is available, the 
“confirmation” that it provides is so small 
that the only just course is to disregard it- 
G.H. TOULMIN: 
30 Coltham Rd, | 
Cheltenham, Glos., UK 


L, Kleinmutz, B, & Szucko, J.J. Nature 308, 449-450 (1984 

2. Good, LJ. Probability and the Weighing of Evi 
(Griffin, London, 1950). 

3. Lykken, D.T.L appi. Psychol. 44, 258-262 (1960). 


Crater dated 


Sır — The cover of your 19 April issue 
shows an aerial photograph of Meteor. 
Crater, Arizona. It is stated in the caption 
that the crater is the ‘‘result of an impact 
about 50 million years ago” but I am 
unaware of any Meteor Crater ag 
estimates of this magnitude. The crater is” 
clearly of Pleistocene age. ` 
The age of Meteor Crater has bee 
estimated using various lines of reasoning 
It was observed 50 years ago that sediments 
at the crater show evidence of the. 
Wisconsin glacial episode!. These sa 
were later correlated with the well-studiec 
stratigraphy at Hopi Buttes and it wa 
observed that a Pleistocene sedimer 
directly overlies the crater ejecta*. Tw 
major pluvial episodes of Pleistocene age 
are recorded as distinct erosional patterns. 
within the crater’. : 
I have recently applied thermolur 
nescence (TL) dating to shock-meta 
morphosed sedimentary rocks fror 
Meteor Crater (in preparation). ‘Meteo 
Crater can be dated by the TL- method 
because the TL of the target rocks was reset 
by the high temperatures experienced: 
during the meteorite impact. After cooling, 
TL reaccumulated due to exposure to 
natural radioactivity. These measurements. 
indicate that the Meteor Crater impact 
occurred 49,900 years ago. with al 
estimated uncertainty of 2,900 years 
STEPHEN R. 

McDonnell Center for the Space Scien € 
Washington University, a 
St Louis, Missouri 63130, USA 


Blackwelder, E. Science 16, $57-560 (1932). 



































e table below is compiled from the 
hly listings of ecological publications 
urrent Advances in Ecological Sciences 
n 1979 and 1983. The journal 
ublished by Pergamon, Oxford) cites an 
verage of 15,000 recent ecological 
iblications in about 2,0 000 O source journals 
worldwide, under 56 major categories 
-which I have condensed to 14 topics. The 
table shows a declining annual trend in 
tropical ecological research publications 
from 2.93 per cent of the global total for 
ecological publications in 1979 to about 
¿per cent in 1983. The decline is also 
evident in each of the 14 areas listed except 
: tropical ecology (sensu stricto). 
ne major areas of research shown in the 
are: (1) plant and animal interaction 
overing host/parasite relationships, com- 
etition and interaction of man and micro- 
rganisms (24.2 per cent); (2) plant and 
animal communities — sociology, popu- 
tion erties and behaviour so O per 


























































O T ein (1) micrometeorology and the use 
an environments for studying the 


) water relations and hydrology; and (3) 











a. 1979 
‘al tropical ecology 
istorical, biogeography, 43 
yramics of ecosystems} 
and animal communities 57 
Productivity and energy 29 
i _ interactions IH 
hemical cycles 
| 18 
sat pets 5 
h, » diseases and adaptation Si 
A utecology, genecology 
and crop ecology 29 
Micrometeorology and 
artifi cial environment ] 
Soil biology, erosion, 
humus and microbes 22 
Environmental problems 
(hazards, conservation, wildlife, 26 
lution, weed and pest control) 
nd use, surveys, remote sensing 
d statistical sampling 16 
sane W i i 2s 





the ecology of various tropical plant | 


communities as ecosystems. 


The above trends indicate that tropical | 


ecological research has been utilitarian, 


with emphasis on topics of direct benefit to | 


mankind especially for food production. 
However, in view of the spread of 


desertification — which now affects 34 | 


| Classic errors 


countries in Africa — and the economic 
crisis caused by the prolonged drought 


during 1982-83 in more than 24 African | 
| (Nature 303, 


countries, including some coastal countries 
in the wet tropics, I think that much more 
emphasis should be placed on tropical 


ecological research dealing with water | 


relations, hydrology and climate. 
What is responsible for the decline in 


tropical ecological research publications? | 


Can it be due to the effects of the economic 
recession and inflation on research work at 
universities and governmental institutions 
in developing countries in the tropics? One 
trend which has been obvious during the 
period is the massive migration of seasoned 
university staff and scientific research 
workers from the poorer developing 
countries in Africa to the more affluent 
developing countries in Africa as well as to 
the industrialized countries outside the 


continent. This brain-drain may have 


Trends in tropical ecological research 1979-83 


1980 1981 1982 1983 Total (%) 
38 16 16 10 123 (9.5) 
41 43 16 25 182 (14.0) 
16 10 7 9 71 (5.3) 
94 55 22 31 313 (24.2) 
H i 9 6 55 (4.2) 
4 4 5 3 21 (1.6) 
45 26 14 10-146 (11.3) 
30 18 12 10 99 (7.6) 

! 0 0 0 2 (0.2) 
20 5 7 6 60 (4.6) 
22 26 13 21 108 (8.3) 
8 6 3 7 40 (3.1) 
0 4 18 21 45 (3.5) 

i 31 (2.4) 


answer to the problem, suggesting 


| Colonus 674-5) applies owwy to ivy 


| Theophrastus of Straton (De Coloribus ae 


with bright light’’. It may be (as Stanford eo . 


| noodugeos), and in this, as in wine, the light 
-and the Sun are reflected (in the words of 





contributed to the declinë in PR | 


| research work in the tropics; other factors _ 


may be the paucity of research funds and- 

facilities, and of the trained middle level 

manpower needed to support field work. © 
N.H. AYODELE COLE 8 

Environment Section, eee 

United Nations ECA, — 

Addis Ababa, Ethiopa 











SIR — R. H. Wright and R. E. D. Catley 
568; 1983) and M. Mac 
namara (Nature 307, 590; 1984) discussthe 
possible meaning of Homer’s ‘ ‘wine-dark’’ 
sea. Wright and Cattley proposeach 













wine when mixed with the alkaline water of 
the Peloponnese would turn blue, 
Macnamara, following W. B. Stanford’s 
observation that the Mediterranean can 
look wine-red, assumes that the primary 
question is to account for the redness of the 
sea, and makes the extraordinary assertion. 
that Homer “mentions only red wine in his 
epics”. 

Wright and Cattley have not faced up to 
the implications of the Ionian origins of 
Homer and much of Greek culture up to at i 
least the seventh century BC. What hap- = 
pened in the Peloponnese may be irrelevant 
compared with what happened in Asia 
Minor. 

And (pace Macnamara) wine in Homer. 
can be black as well as red. At Odyssey 
5.265 and 9.196 we meet the phrase 
aoKov...wédavos owo, ‘‘a wine-skin of 
dark (black) wine’’. Thus ‘‘wine-dark sea” 
may mean a black sea no less than a red sea. 

The Homeric adjective owow (wine 
coloured) occurs in the variant forms owt 
in Sophocles and owwnos in other Greel 
writers. At liad 18.562 we fi 
pédaves...Boteues, (a bunch of blac! 
grapes’’); similarly, Sophocles (Oedipus a 




















berries. In fact wine was often described as’ 
“‘sparkling’’ in Homer (see Jiad 1.462 and 
4.259), and the particular element of the 
sea which is important in the Homeric 
oivona novtov is the sparkle of light 
reflected in the otherwise dark sea. Thus 


2.8) uses owwnos to mean “black mixed 






believes) that owona novrov sometimes 
refers to a red sea. But this does not have to 
be the case, and to concentrate exclusively = 
on the redness is to miss the real point. The 

sea is seen as a dark force, menacing and — 
unpredictable (compare the primary mean- . 
ings of the verb nop$ugw and the adjective 



















the poen “in sara of bright gold”. : 
MARTIN PULBRI 

















oo _ the faeces of honey bees. 


2 _ AHIGH pollen content has been reported in 
: samples of yellow rain from South-East 


~ Asia!?, We have examined 11 samples of | 


yellow rain allegedly collected at sites of 
-< chemical attack in Laos. The samples 
contain a high proportion of pollen. No 
- two samples, even different spots of yellow 
rain on the same leaf, have the same 
composition of pollen types. The plant 





































Asia. Seven pollen types in yellow rain sam- 


honey from Thailand. In general appear- 
ance, high pollen content, and differences 
in pollen composition from one spot to 
another, the yellow rain samples resemble 
honey bee faeces. 

The first two yellow rain samples we 
analysed were from small reddish-brown 
rocks with yellow spots. The third, the 
ABC News sample, is reported to have 


soldiers in Laos in March 1981 and to con- 
tain three trichothecene mycotoxins’. The 
ining 8 samples were yellow spots 
rom the upper surfaces of narrow lance- 
late leaves about 15 cm long. The rocks 





imbassy officials in Thailand in April 1982 
yy Hmong refugees who said they had 
ollected them at two sites of chemical 
ttack in Laos in March. The records do 
ot specify whether the rock and leaf sam- 
les we examined are from one or both 
ites, All spots were 2-5 mm in diameter, 
greeing with earlier descriptions!*.?. A3 
mm spot from a leaf weighed 1.5 mg and 
contained 1.1 10° pollen grains. 


Asian honey bee species, A. dorsataand A. 
serana, collected in Thailand by T.D. 


J oan W. Nowicke* & Matthew Meselson" 
-Yellow rain, purported to be an agent of toxin warfare in South-East Asia, contains a high 
percentage of pollen. Analysis of this pollen in yellow rain samples suggests that they are 


taxa identified are common in South-East | 


ples were also found in Apis cerana and- 


been scraped from vegetation by Hmong 


nd leaves were given to Canadian | 





We 
xamined pollen from abdomens of two 









identified even to family. The most 
numerous type, triaperturate and 20-23 yam 
long, is designated Fagaceae-like. The 
second sample, rock 2, was from a single 
spot. Its pollen consisted almost entirely of 
one of the minor types in rock 1, plus some 
grass pollen. 

The ABC News sample consisted of four 
yellow fragments of approximately 2mm’. 
SEM of an untreated fragment revealed 
vague outlines of pollen in an unknown 
matrix (Fig. ia). Another untreated frag- 
ment, mounted in glycerine jelly for light 
microscopy, appeared to consist mainly of 
pollen, plus a few bee hairs (setae). The 
remainder of the sample was acetolysed, 
revealing about 20 pollen types, some of 
which are shown in Fig. Ib, d. Families 
identified were Compositae,Dilleniaceae, 
Elaeocarpaceae, Euphorbiaceae, 
Icacinaceae, Myrtaceae, Polygalaceae, and 
Sterculiaceae (Table 1). There was also a 
small proportion of grains possibly of 


Melastromataceae/Lythraceae. Grains. 


were found that are indistinguishable from 
Dillenia pentagyna taken from herbarium 
specimens. Also found (Fig. Id) were 
grains indistinguishable from those of D. 
hookeri, a species common in Laos''. 

Another type in the ABC News sample 


(Fig. 1d) is indistinguishable from pollen | 


from herbarium specimens of Macaranga 
denticulata, although its rather 
unspecialized morphology and the exis- 
tence of some 300 species of Macaranga 


| 2 News 1 





_ pitted surface (Fig. 1d). It is classified as. 


spots a few cm apart on a single leaf, as 








Table 1 Summary of pollen identifications 


YELLOW RAIN 


i Rock Rock ABC Leof Leof Leof Leaf Leaf Leaf Leaf Leof A | Ho 
i 2 34 38 44 4B ees 











make narrow identification difficult. The — 
most common grain in the ABC News | 
sample is very small, about 10 ym, with 

three apertures and a smooth/irregularly- 
































Elaeocarpus-like. Also, fungal hyphae and - 
a few setae were seen in acetolysed pre- 
parations of the ABC News sample. 
Leaf samples 1 and 2 were spots from 
different leaves, while 3A and 3B were — 












































were the sample pairs 4A/4B and 5A/5B 
(Table 1). Leaf samples 1 and 2 had three 
pollen types present in the ABC News 
sample — M. denticulata, Melas 
mataceae/Lythraceae and a pollen typ 
tentatively placed in Apodytes 
(Icacinaceae). In addition there were 
hyphae, setae, and stellate, trichome-like 
structures. An abundant grain in lea 
sample 1, probably from Moraceae/ 
Urticaceae (Fig. le), was not seen in leaf - 
sample 2. Conversely, an abundant grainin 
leaf sample 2, from Ilex (Fig. 1f), was not 
found in leaf sample 1. 

Leaf sample 3A contained M. 
denticulata, Ilex, Apodytes, Melasto- 
mataceae/Lythraceae and a small pro- 
portion possibly of Nuphar (Nymph 
aeaceae). Sample 3B consisted mainly « 
Fagaceae-like grains, matching those in 
rock sample 1. The remaining leaf spots 
4A, 4B, 5A and 5B, all had Ilex, M: deni 
culata, Apodytes and Melastomataceae i 
Lythraceae, but in very different propo : 
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Seeley, who first suggested that yellow rain 
amples from South-East Asia might be 
faeces from cleansing flights of honey 
> bees”. We also tested two samples of honey 
-purchased in July 1983 at villages on the 
Thai-Laotian border, and known faeces of 
A. cerana and A. dorsata on leaves 
= collected in July and September, 
_. respectively, near Poona, India. 
The first rock sample (Table 1, rock 1) 
was. the residue on a piece of paper on 
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Fig. | SEMs of pollen in yellow rain. a, ABC news sample, untreated, X250. b-f, All acetolysed preparations, 6, 
ABC News sample, X270. c, Rock sample 2, three spheroidal grains at bottom left are from the grass family, X330. d, 
ABC News sample, larger grain at upper right and partial grain middle left are probably Dellenia hookeri, grain 
between is Macaranga denticulata: the tnangular grain in background is probably Myrtaceae: numerous smaller 
gains were classified as Elaeocarpus-like, X1,300. e. Leaf sample |, the largest grain, seen in oblique view is assigned 
to Apodytes; the smallest grains, some show ing pores, are Moraceac/Urticaceac: the remaining ones with furrows 
are M. denticulata, X\,170. f, Leaf sample 2, the uppermost triangular grain is Apodytes, the three small grains are 
M. denticulata, and the remaining two are Jex, the one on the right is partially collapsed, X980 


tions in each case. In addition, 5A had an 
unidentified type 45-50 um long, 3-4 aper- 
turate with a thick exine, that was not found 
in the other samples, The great diversity of 
the ABC News sample as compared with the 
leaf and rock samles may be a consequence 
of collection technique — a number of 
yellow spots may have been combined. 

An abdomen of Apis cerana collected in 
March 1980 contained at least three pollen 
types: Diospyros-like, a small proportion 
of grains from the grass family 
(Gramineae) and a reticulate type 35 um 
long, matching in form and range of 
variation a type in the ABC News sample 
tentatively assigned to Sterculia. A. 
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dorsata, collected in March 1980, had 
pollen probably representing two or three 
closely related species in 
Castanopsis/Lithocarpus (Fagaceae). 
Honey sample |, from Nakhon Phanom 
(17° 25 N: 104° 45'E) had at least ten 
pollen types, but none matched those in the 
yellow rain samples. Honey sample 2, from 
Chiang Khan (17° 55°N; 101° 45'E) 
contained many pollen types including 
Fagaceae-like, seen in rock sample | and leaf 
sample 3B; the type designated 
Melastomataceae/Lythraceae, found in the 
ABC News sample and in leaf samples 1, 2, 
3A, 4A, 4B, 5A and 5B; and four more types 
seen in the ABC sample: D. pentagyna, 
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Elaeocarpus-like, and an unidentified 
four-aperturate grain, 35-38 um long. 

Known faeces of A. cerana and A. 
dorsata on leaves collected near Poona, 
India resembled spots of yellow rain in size, 
general appearance, high pollen content 
and the presence of setae and hyphae. Each 
of three spots of A. cerana faeces had at 
least five pollen types, with only some 
common to all three. Faeces of A. dorsata 
from a nearby site showed similar diversity 
from spot to spot. 

Our identifications of pollen in yellow 
rain samples were compared with those in a 
report from the Australian Defence 
Department’. One of their three samples 
had mainly Harpullia-like pollen 
(Sapindaceae); the other two were predom- 
inantly Rapanea-like (Myrsinaceae). A 
Chinese study describes a ‘‘yellow rain” 
phenomenon in September 1976 in 
Jiangsu'*. Occurrences generally lasted a 
few minutes, covering areas of 0.5-20 acres 
with 2-6mm yellow spots rich in pollen. 
The authors concluded that the spots were 
honey bee faeces. Mass cleansing flights of 
A. melifera, causing similar phenomena, 
have been studied previously'?:'4, 

All of the plant taxa we identified in 
samples of yellow rain are common in 
South-East Asia. The three assignments we 
made at the species level, D. hookeri, D. 
pentagyna and M. denticulata, are trees 
native only to Southern Asia. Also, a 
reticulate type in the ABC sample assigned 
to Sterculia was present in A. cerana 
collected in the same season in Thailand. 
Most significantly, honey sample 2 con- 
tained six pollen morphotypes we found in 
yellow rain, showing that these pollen types 
are gathered by honey bees in Indochina. 
No two samples of yellow rain we examined 
had the same pollen composition; even 
adjacent spots on the same leaf were 
different. Pollen diversity from spot to spot 
was also found for known bee faeces from 
India. Such differences between spots 
would not be expected if the spots of yellow 
rain had been disseminated by an artificial 
source. Our observations lead us to con- 
clude that the yellow rain samples we 
examined are probably honey bee faeces. 

We thank Diane Baldwin for pre- 
paration of the manuscript, Janice Bittner 
for preparing pollen samples, Joseph 
Rosen for the ABC News sample, the 
Government of Canada for rock and leaf 
samples, George Eickwort for museum 
specimens of Asian honey bees, Amos 
Townsend and Dennis Meseroll for honey 
samples, Fred Dyer for samples of bee 
faeces from India, Peter Ashton for 
helpful discussions and Janet Peterson fo 
technical assistance. | 
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= toxins have been used as lethal weapons, in 
South-East Asia and elsewhere, are not 


the yellow-coloured droplets falling from 














































REPORTS in the past few years that myco- 


formally disproved by the preceding article 
which demonstrates that at least some of 


= the sky are nothing but the excrement of 
~ bees, But they are a serious challenge for 
those who have been arguing that visual 
observations of ‘‘yellow rain” can all be 
counted as evidence of the use of chemical 
weapons against embattled populations, 

usually of civilians. And because the cause 
for supposing that yellow rain is proof of 
the use of mycotoxins against people has 
not significantly strengthened since the 
then US Secretary of State Alexander Haig 
' gave it wide currency in a speech in West 
Berlin three years ago, there is the strongest 
possible reason why the scraps of evidence 
which survive should be looked at again, 
and reassessed. 

Reports of the use of chemical agents 
against people in South-East Asia, 

principally in Laos and Cambodia (now 
Kampuchea) have been current since the 
late 1970s. By the time. the United Nations 
set up a committee to investigate the 
allegations, towards the end of the General 
Assembly in 1980, there was a great mass 
of untested anecdotal evidence, usually 
gathered from the verbal reports of refu- 
gees from the endemic conflict in that part 
of the world. Many people from villages in 
the region reported having suffered from 
rashes, pulmonary and bronchial trouble 
and fevers after materials of various kinds 
and colours (black, blue, red, yellow) had 
- been sprayed from the sky by aircraft. 
= Many reported that fellow-villagers had 
died. 

The report of the UN expert committee, 
which appeared in November 1981, served 
principally to show how difficult a task it 
had been given. Permission to visit the 
areas concerned was never forthcoming, 
with the result that evidence had to be col- 
lected from people already in refugee 
camps in Thailand and thus unable to point 
to the places in which supposed toxins had 
- fallen from the sky. The UN expert group 

OMe in its report that the ee 

































atural history of yellow rain 


“The discovery that some of the yellow rain falling from the sky in South-East Asia is the 
. . excrement of bees, first dismissed as impropriety, must now be taken seriously. 


The suggestion that mycotoxins, toxic | 
materials produced by the metabolism of | 


certain fungal species, might be involved 


first appeared in a paper issued in | 
Washington by the State Department in the | 


wake of Secretary Haig’s Berlin speech, 


announcing that evidence pointing to the | 


use of toxic agents had been acquired. 


The identification on the surfaces of | 
leaves smuggled out of South-East Asia of | 
small quantities of trichothecene myco- | 


toxins of a kind produced by species of the 
fungi Fusarium was a considerable triumph 
for chemists, and for Dr C.J Mirocha in 
particular. There is no reason to suppose 
that the measurements are in any way in 
error, but the manner in which the samples 
were collected (without controls), and the 
presumption that ‘‘yellow rain’’ was 
indeed the vehicle by which mycotoxins 
had been delivered, is bound to cast doubt 
on the interpretation of this scanty 
evidence. 

It tends to be forgotten that the investi- 
gation of these obscure materials, mostly 
sesquiterpenes, is not much older than the 
suggestion that they have been used against 
human populations. Although it is in retro- 
spect clear that human disease caused by 
trichothecenes was known to Galen, and 
while toxic epidemics caused by contamin- 
ated grain were common in the Soviet 
Union in the closing years of the Second 
World War (and have since been known in 
the United States, Mexico and India), 
identifications of chemical structures have 


all been crammed into the past fifteen | 
years. Analytical techniques, among which | 
the most sensitive are those based on | 
immunological methods, can at their most | 


sensitive detect nanogram quantities. 
Monoclonal antibodies may bring further 
improvements. 

Pinning down what has been happening 


in South-East Asia will not be easy, | 


especially if the presumption is correct that 


mycotoxins have been used in warfare — | 
and if those responsible have changed their | 


ways with all the publicity there has been. 
The most recent sober assessment of the tri- 
chothecene problem, the report Protection 





pollen doped with toxin so as to make’! 


against trichothecené ee patil ee : 
: | reported association of injury and i 
no health among people. 


patients to whom the materials are- 
reported to have been administered. But- 
the report also says that the symptoms are 
not identical, which may be explained bya- 
mixture of several related mycotoxins as- 
might be expected in natural conditions — 
or by a quite different cause. ; 

What seems, however, unambiguously - 
to follow from what Nowicke and: 
Meselson have to say is that the association 
of physical damage to people in South-East 
Asia can no longer be simply linked with 
yellow rain. At least some of that consists 
of bees’ excrement, and for the time bein 
there is no evidence that that is associated 
with mycotoxins. If it were, of course, the 
suggestion that toxic agents of some kind 
have been used against people in Sout! 
East Asia would be further undermined. 
But now it seems more prudent that those = 
concerned with investigating the several — 
possibilities should go back to the- 
beginning, and consider other ways in 
which mycotoxins might have been 
delivered. 

Hitherto, serious questions on these 
points have been met, at the State- 
Department and at analogous departments 
of government elsewhere, with the state- 
ment that while the publicly available 
evidence that yellow rain is a shower of 





















































ingestion more probable may be sligh 
there is no publicly available evidence th 
the facts are what they have been said tob 
The assumption, indeed the assertion, i 
that intelligence services know to be a fact 
what seems in the public world to be 
improbable. Such arguments nonplus. 
For all of us, the best and simplest 
solution may be that the associatior 
between yellow rain and the injury or death 
of people in South-East Asia should cease 
to be a lively issue, perhaps as a con- 
sequence of climatic or ecological good | 
luck — or perhaps, if people have been 
using toxic materials in the area, because 
they change their ways. But since luck is as 
often bad as good, the only constructt 
way forward must rely on a thoro 
investigation of the natural history of 
low rain in South-East Asia, and of the 














































the State Department has unfai 
to.a confusing argument. 
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rom Bernard Wood 


HE word ‘unique’ is abused by us all, but 
is aptly applied to the ‘Ancestors’ pro- 
gramme mounted this year by the 
American Museum of Natural History 
{AMNH in New York. Readers will 
doubtless be aware of the recent resurgence 
of the creationist movement and its 
-attempts to influence both public opinion 
and, more importantly, the views of legis- 
~ lators. Scientists have counter-attacked in 
print but large organizations and 
institutions have, as always, found it more 
ifficult to respond effectively to what 
mounts to an attack on the foundations of 
scientific endeavour — namely, reason 
nd evidence. The AMNH has not, how- 
rer, been idle. Three of its curators, John 
an Couvering, Eric Delson and lan 
Tattersall, conceived the notion of an 
exhibit of original fossils which would 
ow the public the evidence which enables 
palaeoanthropologists to trace the path, or 
paths, that have led to modern humanity. 
With the endorsement of UNESCO, the 
museum set about the task of persuading 
governments, museums and curators to 
loan their precious fossils. The excellent 
“response — a tribute to the competence and 
tenacity of the organizers — has produced 
spectacular exhibition, which opened to 
èe public on 12 April and will run until 
ptember this year. 
The designers have sensibly allowed the 
ssils to tell their own story. The legends 
einformative, authoritative, but concise, 
and the fossils have been displayed in a way 
that allows visitors to see and understand 
ese remarkable documents of our past. 
here important specimens were not made 
ilable, the organizers have made 
ible use of casts to illustrate them. 
le one can understand the reluctance of 
tors to part with their fossils on the 
rounds of security, it is disappointing, but 
‘perhaps inevitable, that political con- 
_ siderations should have prevented the dis- 
= play of some material which is supra- 
national in both its scientific importance 
and its social significance. There are no 
‘stars’ in the exhibit, and all who see it will 
_be impressed, perhaps moved, by different 




























































_ What impressed me most were the speci- 
‘mens from the two ends of the time span: 
-the early fossils from the Oligocene and the 
Miocene, and the late Neanderthals. The 
nigmatic cat-like skull of Aegypto- 
hecus and the face of Sivapithecus are 
1ercifully unaware of how closely their 
: j fissure and prominence is being 




























\ gathering of our ancestors 


convincing evidence that morphologists | 


can detect reliable marker features despite 
the potentially confusing background of 
intraspecific variation. 

Although it is a major part, the exhibit is 


only one of three components of the | 
Ancestors programme. The two others, a | 


series of study sessions and a five-day 
symposium entitled ‘Palaeoanthropology: 
the hard evidence’, were held last month, 


and were sponsored by the AMNH with the | 


support of the NSF and the Wenner-Gren 


and Leakey Foundations. Each study | 


session provided an opportunity for the 


close study of five or six of the original | 


fossils by as many palaeontologists. My 
original scepticism of the usefulness of 
such a scheme was, in large measure, 


unwarranted. In particular, the sessions | 


made it possible to discuss points of inter- 
pretation with those who were expert either 
On particular anatomical regions, for 
example Y. Rak (Tel Aviv University) on 
the face, J. Laitman (Mt Sinai School of 
Medicine, New York) and W. Kimbel 
(Cleveland Museum of Natural History) on 
the cranial base and F. Grine (SUNY, 
Stonybrook) on the teeth, or on particular 
remains, such as R. Clarke (University of 
Witswatersrand) on SK 847 from Swart- 
krans and Stw 53 from Sterkfontein. These 


were truly workshops, and ideas were 


exchanged and debated in a spirit of 
collaboration which bodes well for 
future research. 

A symposium which attempts a com- 
prehensive review of hominid evolution 
from the Oligocene to the Holocene is too 
broad in its scope usefully to address any 


particular research problem, but three | 


strands could be traced through the five 
days. The first was the quality and breadth 
of information about the temporal and 


palaeoenvironmental context of hominoid | 


and hominid evolution. The second was the 
increased and welcome emphasis on study- 


ing variation within an anatomical region, 


across a wide range of fossil and extant 
forms, and the last was the increasing 
influence of phylogenetic analytical 
methods on hominid palaeontology. 
Reports of research undertaken in the 
Potwar Plateau (D. Pilbeam, Harvard 
University), at Laetoli (reported by J. 
Harris, Los Angeles County Museum), in 
the Omo Basin (F. Brown, University of 
Utah) and at the South African Cave sites 


t (C. K. Brain and E. Vrba, Transvaal | 


Museum) served to emphasize the impor- 
tance of the contrasting, but com- 


he plementary, contributions of the physical 


id al analysis to 
stu rown ass a 


| many others, heavily influenced by the 







of fiatal ae re 


Contr iou ions: 
evidence for two phases of i 
dispersal across the land bridge(s) between. 


Africa and Asia: one at about 18x10° BP 
and the other at 15x10° BP. Vrba urged 
hominid palaeontologists to see hominids 

in the context of evolutionary changes 
occurring in other groups of land. 
mammals. She associated, if not cor-. = 
related, the marked peak in the rate of 
appearance of bovid species, and probably - 
other groups as well, with a major change. 
in climate. The apparent appearance at this- 
time of Homo habilis and the ‘robust’. 
australopithecines suggests that hominids 
may have reacted in a similar, but more ` 
modest, way. It is therefore of some ~. 
interest that at least one hominid palaeon- 
tologist suggested that the early phases of 
the evolution of Homo may have been 
more complex than usually presented. 
Vrba’s admirable attempts to suggest a 
scenario for hominid evolution are, like 


























assumption that the hominids in Members 
4 and 5 from Sterkfontein are taxono- 
mically distinct, but more evidence will be 
needed before Stw 53, from Member 5, can 
be confidently included in Homo habilis. 
There was evidence among some 
hominid palaeontologists of a move 
towards considering whether features are 
widely or narrowly distributed, and. 
utilizing this, and additional, information: : 
to deduce morphoclines and thus clade ` 
groupings. But the shift towards this 
philosophy was stoutly resisted by others. 
Grade and clade arrangements rest on dif- 
ferent premises. It is therefore pointless 
arguing about palaeontological details 
when at the heart of differences in inter- 
pretation are deeper philosophical ~ 
divisions. Hominid palaeontology must, 
like other branches of palaeontology, see 
that its scientific dialogue is adjusted to 
take account of this. Cladists have to 
realize that a cladogram based on a narrow 
range of features stands an even chance of 
being unreliable when seen against the 
background of a comprehensive set of 
character states. Adherents of the classic 
‘Simpsonian’ approach should also be 
aware that a concept such as the ‘total _ 
morphological pattern’ is often couchedin 
such a general way that any systematic - 
decisions based on it are essentially 
untestable. 
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| Jr "om ‘ shelley Earp 


te CEL Ls responsive 8 epidermal growth 
factor (EGF) carry specific receptors for 
_ EGF on their surface membrane. Between 
42 and 24 hours after EGF binds to these 
receptors, the cells begin to synthesize 
‘DNA. In the meantime, the majority of the 
a EGF-receptor complexes have been 
removed from the cell surface by a process 
- of internalization into cellular vesicles'-. A 
“long-standing question has been whether 
the cellular events triggered by EGF are 
olely a consequence of intracellular 
Messages generated at the cell surface by 
ligand-receptor binding or whether the 
‘internalized complex can have additional 
intracellular functions. A radical re- 
examination of this question will be forced 
by the paper on page 270 of this issue of 
Nature in which Mroczkowski, Mosig and 
Cohen suggest that the EGF receptor has a 
direct effect on the structure of DNA’. 
The suggestion stems from the authors’ 
detection of an endonuclease activity in 
preparations of EGF receptor highly 
-purified by affinity chromatography. The 
‘activity is specific for the nicking of 
double-standed circular DNA and is 
timulated by ATP but not by a non-hydro- 
ysable ATP analogue. In those respects it 
esembles the enzyme DNA topoisomerase 
H but it has not been possible to demon- 
strate for the EGF receptor the DNA circle- 
closing activity characteristic of topoiso- 
merase II. 
. The authors’ interest in the latter 
nzyme, which catalyses topological re- 
arrangements of DNA that are thought to 
_be important in the regulation of trans- 
‚cription and replication’, may stem from 
several reports that relate EGF receptor 
-and topoisomerases. First, EGF increases 
DNA topoisomerase II activity in human 
foreskin fibroblasts® and this activity is also 
-increased during liver regeneration’, when 
EGF receptor internalization is known to 
occur’. Second, Wang and colleagues have 
shown that topoisomerases are covalently 
bound to the 5’ end of nicked DNA 
through a phosphotyrosine linkage’; the 
EGF receptor is well known to have 
tyrosine-specific protein kinase activity 
and to autophosphorylate its own tyrosine 
residues. While it is difficult to envisage the 
same catalytic site both transferring phos- 
phate and forming protein-DNA linkages, 
the Sale sen ae lgere ea site on. the 






















































416. Chow, T, J -K. & Fraser 


: cept C or- — -yet bpa a ae 


The concentration of receptor used is 
higher than would be necessary to detect 
receptor autophosphorylation. Most 
assays were conducted with 4-16 molecules 


of receptor per DNA circle and the limit of. 


detection of endonuclease activity was 0.4 
molecules per circle. The poor catalytic 
activity could be due to loss of activity 
during purification but the nuclease seems 
to be more stable towards heat 
denaturation than the receptor’s tyrosine- 
specific protein kinase activity. 


The dissociation of nuclease and kinase. 


activity is troubling in another sense. 
Mroczkowski ef al. indicate that purified 
pp60°*, the product of the transforming 
gene of Rous sarcoma virus, has an endo- 
nuclease activity similar to that of the 
EGF receptor. Both pp60*° and the EGF 
receptor exhibit tyrosine-specific kinase 
activity, If the endonuclease and kinase 
activities can be dissociated one might 
expect to see two distinct regions of 
sequence similarity between pp60*° and 
the EGF receptor. And yet the two proteins 
seem only to be related by sequence in the 
kinase domain!’. 

Another nucleotide-binding site on the 
receptor would also need to be invoked to 
explain the differences in nucleotide 
specificity of the kinase and endonuclease 
activities of the EGF receptor — for 
example, GTP can be used by the former 
but not latter''!. The nucleotide specificity 
of the reported endonuclease activity also 
differs from that of topoisomerases which, 
at equivalent concentrations of enzyme 
and DNA, can be stimulated by non- 
hydrolysable analogues of ATP!*. 
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express the topoisomerase H- like ‘cirel 
<> d closing activity? Does experiment 
* | proteolytic CISAVARE of the receptor pre 









Given there is little doubt that recepto; 
occupancy causes immediate alterations in 
membrane function, probably related to- 
stimulation of the receptor’s protein kinase. 
acting through tyrosine phosphorylation” 
of perimembrane substrates, auto 
phosphorylation of aggregated EGF. 
receptors, or, as recently proposed, 
through phosphorylation of phosphati- 
dylinositol'?:'4, does the endonuclease 
activity of the EGF receptor have bio- 
logical relevance? If it has,receptor inter- 
nalization must be a prerequisite for EGF 
action. After a decade of research, the 
necessity of internalization for the mito- 
genic response of cells to EGF has not been = 
established — but neither has it been ruled 
out. So it is worth considering several. 
potentially relevant points about the con- 
sequences of internalization. 

Since the EGF receptor has been shown . 
to be proteolytically processed upon- 
internalization'*, one possibility is that the 
process yields a new structure that dictates 
its own translocation to a specific site of 
action, such as the nucleus. If the tran 
located fragment acts catalytically only a 
small portion of internalized receptor — 
would need to be segregated to the nucleus 
to produce a biological effect. It may also 
be of relevance that proteolysis seems to- 
increase the activity and alter the topo- - 
logical specificity of certain nucleases!'®. 
Perhaps the EGF receptor is a pronuclease . 
whose activity and catalytic repertoire can. 
be increased by proteolysis. If proteolytic 
activation simultaneously eliminated the- 
binding and antigenic domains of the - 
receptor that are external to the cell sur- 
face, the fact that neither EGF binding nor 
receptor immunofluorescence has been- 
consistently observed in the nucleus could. 
be explained. If the catalytic endonucleas 
moiety generated by proteolysis hada shor 
half life, it would account for the need to 
terminate the function it served after an 
appropriately short time. Any hypothes 
that EGF releases a latent endonuclease 
activity must take into account the fact that 
EGF does not cause growth in all receptor- 
bearing cells, that EGF binding and action 
are influenced by other humoral agents and 
that in some cells the need for EGF can be 
abrogated by combinations of other 
factors!™-70, It is possible that an endo- 
nuclease domain could be processed dif- 
ferentially depending on the cell type or the 
influence of modulating factors, but would 
celis opt for another level of complexity i in 
their growth control network? 

Several questions raised b 
provocative findings of Mro 
should T be resolves : 





























































































iminating nu 
ji receptor preparations? Cohen has 

} consistently linked with new advances 
the field of growth factors. His 
yioneering efforts in identifying and 
purifying EGF and its receptor have led to 





lew directions. The new data from his 
aboratory direct attention to the nuclear 





slease be separated | 


e discoveries that have set the rest of us in’ 


However before clamouring to exchang 


acrylamide for agarose, cell biologists 


should await further developments. E 
Shelley Earp is a member of the Cancer 
Research Center and Department of Medicine, 
University of North Carolina, Chapel Hill, 
North Carolina 27514. 










: Retinitis pigmentosa 


‘from Miranda Robertson 


“THERE is no doubt that molecular genetic 
echnology is leading to an understanding 
yf human genetic disease at a depth and 
olution inaccessible to more traditional 
methods. Because the path to that under- 
nding is often indirect, however, for the 
ime being it presents a problem for 
linicians as well as a challenge for research 
“scientists. This is inevitable when the gene 
defect underlying the disease is unknown, 
id can be approached only through linked 
enetic markers. Such is the case in 
Duchenne muscular dystrophy, for whicha 
narker was first reported two years ago', 
nd Huntington’s disease, for which a 
irker was discovered last last year?. On 
sage 253 of this issue of Nature, Bhatta- 
charya, Wright and their colleagues report 
an exactly similar marker for the X-linked 
orm of retinitis pigmentosa}. 

As with Duchenne and Huntington’s, 
he retinitis pigmentosa marker is simply an 
dentifiable fragment of DNA that is close 
ough to the gene to be inherited with it, 
j tting molecular biologists within ‘walk- 
ng’ distance of the defective gene itself and 
ering clinicians the prospect of identify- 
some symptomless carriers of the gene 
d, possibly, diagnosing their unborn 
bies. What are the obstacles confronting 
research biologists and the problems 
ig the clinicians? 

etinitis pigmentosa is the name given to 
a genetically and phenotypically hetero- 
geneous group of degenerative diseases of 
‘the photoreceptor cells of the retina lead- 
ing, in severe cases, to blindness. The mode 
of inheritance can be recessive, autosomal 
dominant or X-linked. The X-linked form, 
for which Bhattacharya et al. now have a 
arker, is one of the most severe; it 
accounts for perhaps 30 per cent of all cases 
and affects about 1 in 20,000 of the popu- 
lation. Because the defective gene is on the 
X chromosome, of which males have only 























































ensate for its effects and are severely 
ected, often in childhood. Females, with 
o X chromosomes, may have a mild 


Progress in sight 


one, they have no normal gene to com- 


] of the disease or. none At TR but they | 





new marker. But it will not help them 
all, for reasons that follow from the nature 
of linked markers in general. 

The marker in this case is a DNA probe 
designated L1.28, corresponding to a small 
fragment of the human X chromosome. 
What allows this fragment to be used as a 
marker is its polymorphism — which is to 
say that it contains minor variations that 
can be detected by bacterial restriction 
enzymes (for a slightly fuller explanation of 
how this works, see ref. 4). L1.28 has two 
distinguishable variants, Al and A2. 
Bhattacharya et al. were able to establish 
the linkage of L1.28 with the retinitis pig- 
mentosa gene on the X chromosome by 


tracing the inheritance of both the disease | 


and the Al and A2 variants through five 
different families. 

In the case of close linkage, you would 
expect the disease to be inherited con- 
sistently with one or other of the two 
variants within a given family; and this is 
what Bhattacharya et al. found. In four 
families retinitis pigmentosa was con- 
sistently inherited with A2; in the other one 
it was associated with Al. It is just possible 


that more than one gene on the X chromo- 


some can give rise to retinitis pigmentosa. 
If so, the linkage will break down in further 
family studies. So for the time being 
clinical advice will not be offered on the 
basis of the L1.28 marker. 

But assuming, as seems most likely, that 
there is only one gene, what are the limit- 
ations of L1.28? Most obviously, an 
affected male relative must be available to 
establish whether the defective gene is 
associated with Al or A2 in the family in 
question. The second important limitation 
arises from the fact that both Al and A2 
are present at high frequency in the normal 
population. Take the case of a young 
woman whose father has the disease. Since 
one of her two X chromosomes must be her 
father’s, and his single X chromosome has 


the defective gene, she will be an obligate | 







carrier and there is 
son born to. her 


even chance that any 
il inherit retinitis 


pigmentosa. . As things done she would be 
erdt a 


effects of EGF and will amarae 4 
stimulate discussion and experimentation... 
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can be certain that anym 


she has Al on both X hromosomes mii : 


there is no way of distinguishing a normal _ 
male from an affected one before birth. 


Given the frequency of the two variants in © 
the general population, only 40 per cent of 
women will be heterozygous. : 


Similar considerations complicate the 
case of a woman for whom the famiy = 


history of retinitis pigmentosa is on her 
mother’s side. Because the symptoms of - 
the disease in women develop late or never, 


| she may not know even whether she is a 


carrier. If her mother is homozygous for. 
the marker, the marker cannot enable her 
to find out; though it may, if she herself is 
heterozygous, enable the disease to be 
ruled out in some of her unborn sons. 

Finally, even for a heterozygote, there is 
always the slight chance (decreasing with 
the closeness of the linkage) of mis- 
diagnosis if the defective gene has become 
separated from the linked marker by 
genetic recombination. The identification 
of asecond linked marker, on the other side 
of the gene, would dramatically reduce the 
probability of mistaken diagnosis; it would 
also be helpful in the pursuit of the retinitis 
pigmentosa gene itself. 

This, of course, is the longer-term aim of 
the research: in the end the only entirely 
reliable genetic probe is the one that 
identifies the mutant gene. Progress will 
demand patience and ingenuity. Patience 
because the distance between L1.28 and the 
retinitis pigmentosa gene is something on- 
the order of 3 million bases; so to reach the 
immediate vicinity of the gene will require 
either a marathon chromosome walk or. 
laborious family studies to find more 
closely linked markers; and ingenuity to- 
identify the gene once it has been isolated. 
For retinitis pigmentosa, the best bet may 
be to compare the genes expressed in 
normal retinas with those expressed in 
affected retinas, by means of cDNA 
libraries from the two tissues. 

How soon might a gene probe for 
X-linked retinitis pigmentosa be available? 
Should female carriers or suspected: 
carriers wait a year or two before starting 
families in the hope of reliable prenatal 
diagnosis? In the case of Duchenne. 


muscular dystrophy, there is still no gene — ane 


probe two years after the first marker; but 
optimists expect one this year. B 
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The decline of Rome toa 


fast-food empire 


from Richard Hodges 


A NUMBER of recent archaeological 
publications provide evidence of a socio- 
economic transition that occurred in the 
Roman Empire as it declined and fell — 
‘the greatest, perhaps the most awful scene 
in the history of mankind’, according to 
Edward Gibbon’. 

Whereas Gibbon’s analysis of the falter- 
ing empire did not include such a trans- 
ition, it had been anticipated by Henri 
Pirenne in his famous book Mohammed 
and Charlemagne, published half a century 
ago, the theme of which was returned to 
last year by C. R. Whittaker? who argued 
the revolutionary hypothesis that increased 
state exactions in kind in the later empire, 
and the effective decommercialization of 
the economy, reflected a reorganization of 
the means of exchange rather than 
economic decline. There was no fall, he 
contends, in production or exchange, only 
a decline in the entrepreneurial commodity 
market’. This reorganization, he argues, 
forms the foundation on which the 
medieval economy was constructed. But 
with such patchy documentation to sup- 
port his argument, Whittaker, like Pirenne 
before him, is unable to measure change in 
production or distribution with any 
precision. 

Archaeological evidence alone will 
adjudicate on this issue*, and a recent 
volume of archaeological surveys in the 
Mediterranean area’ pointedly illustrates 
one aspect of Whittaker’s thesis. There was 
undeniably a change in the organization of 
production in the countryside towards the 
end of the fourth century AD; far fewer sites 
are characterized by the highly distinctive 
African Red Slip wares of the fifth and 
sixth centuries in all parts of the Mediter- 
ranean basin. Sadly, though, little 
attention is drawn to this fact — an 
occasion where archaeological statistics 
appear to be meaningful®. But what exactly 
does this reorganized rural pattern mean? 

Alistair Small has excavated a Roman 
villa at San Giovanni di Ruoti in Basilicata 
that appears to be typical of the later 
Roman settlement system in Italy’. By 
early Roman standards it is a modest affair, 
but Small contends it is a normal residence 
of a dominus, a landlord in the fifth to sixth 
century. Of particular interest are the 
faunal and ceramic assemblages from the 
middens around the villa. As many as 40 
per cent of the bones in the early fifth- 
century midden and 65 per cent in the later 
fifth-century midden are from pigs. The 
traditional balanced blend of meat con- 
= sumption and stock-rearing on rural 
estates seems to have been abandoned in 
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pork. A passion for chops became the 
fashion of the time. However, while the 
animal bones reveal a trend towards fast- 
food processing, the pottery assemblage 
confirms the persistence, albeit in a re- 
organized form, of regional production- 
distribution services for ceramics. Several 
of the contributors to the volume in which 
Small’s essay appears note the distinctive 
character of the later Roman economy as 
the state’s role begins to diminish at a 
regional level. 

Related information comes from the 
first part of David Whitehouse’s important 
excavations at the foot of the Palatine’. 
From a study of the animal bones found 
there, Graeme Barker concludes that about 
40 per cent of the meat eaten at this site was 
pork — a finding which he argues may be 
illuminated by the Theodosian code (AD 
438) which describes guilds of pork sup- 
pliers who brought pigs from all parts of 
Italy for consumption by the poor of 
Rome. Pork, it seems, was the dole money 
of the Imperial City. Yet, as at S. Giovanni, 
the pottery assemblage at the Schola 
Praeconum indicates the existence of a 
vibrant market system. Large numbers of 
east Mediterranean amphorae and North 
African tablewares from the middens 
demonstrate far-flung mercantile con- 
nections of growing importance. So how 
does this evidence square up with 
Whittaker’s thesis? 

Two points emerge from the recent 
archaeological reports. First, short-term 
fast-food production and a trend towards 
more regionally devolved ceramic in- 
dustries seem to have accompanied the 
drop in density of rural sites. Second, there 
were changes in distribution. Tax in kind, 
to judge from the pattern of pork con- 
sumption, was as significant as Whittaker 
anticipated. However, in contrast to the 
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regionally discrete patterns of ceramic dis- 
tribution evident in southern Italy, a 
marked increase in the volume of imported 
pots is evident in cities such as Rome’. The 
major cities, in other words, were booming 
and attracting the rural poor, the recipients 
of the pork dole, leaving agri deserti in the 
provinces, as Whittaker notes. Rome’s 
Indian Summer, like that of the wealthier 
villas such as S. Giovanni, was notable for 
its emphasis on short-term consumption. 
Whether the volume of production in 
this reorganized community remained 
static, as Whittaker contends, or declined, 
as seems more probable, will only be clear 
when the many regional archaeological 
surveys of the moment in Italy are com- 
pleted. But all the current work demon- 
Strates that these fifth-century develop- 
ments reflect that time was running out for 
the Roman Empire. The state system began 
to gasp and collapse in the early sixth 
century before the Byzantine and then the 
Lombard invasions of the peninsula. The 
system of ports and villas fell apart soon 
after AD 500, leaving ruins which 
fascinated the early medieval elite as they 
do tourists today. Whittaker’s thesis and 
his fascinating reworking of Gibbon’s 
drama is to some extent confirmed by the 
archaeology of the period. The scale of 
change and the eventual collapse must have 
seemed every bit as awful to those who ex- 
perienced it as Gibbon’s gothic description 
contends. g 
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lingering notion that the dark waters 
f the deep ocean floors are uniformly calm 
should finally be dispelled by the vivid 
account of this remarkable environment 
provided by Hollister and McCave starting 
on pages 220 of this issue of Nature. 

| Their study concentrates on a 2 x 4 km 
< area of the Atlantic Ocean, where it reaches 
- adepth of almost 5 km, some 500 km south 
of Halifax, Nova Scotia. Although the sur- 
face waters there move generally east- 
vards, as part of the Gulf Stream, the 
jeepest waters tend to move westwards as 
art of a distinctive deeper western 
oundary current that is cold (less than 
°C) and perhaps has its origins in the 
ottom water of the Antarctic. This cold 
‘bottom current has a remarkably high 
velocity of up to0.73 m s` , similar to those 
‘measured in strongly moving surface tidal 
lows or in flooding rivers. 

Another striking feature of the area is 
hat it is subject to ‘storm’ periods of 
everal days to a few weeks in which 
Ottom currents intermittently reach 
eeds of over 0.3 m s? and are often 
eversed. Calculations of the variance of 
current speed provide a measure of the so- 
called eddy kinetic energy of the system. It 
seems that high values of the eddy kinetic 
ergy in deep waters are usually found in 
reas where the eddy kinetic energy at the 
urface is also high, as in the Gulf Stream. 
kinetic behaviour of the deep currents 
1 storms is perhaps best visualized as an 
ntermittent and reversing surge; there is no 
gn of the oscillatory periods of several 
onds that are typical of surface-storm 
















































































Because the muddy ocean floor in the 
studied is rich in organic nutrients, it 
ports many actively burrowing 
inisms that soon disrupt any 
sdimentary features. The fact that the top 
layer of the floor retains sedimentary 
_ features therefore indicates that it was 
- recently and rapidly deposited. The con- 
. centration of sediment can be as high as 12 
g m^? in these deep-bottom waters, similar 
to that in some muddy estuaries. These 
concentrations, coupled with the major 
variations in the small structures of the 
_ ocean bottom recorded in time-series of 
- photographs, show that the vigorous 
movements of the bottom currents erode 
and transport large amounts of the fine- 
F ined sediment. Indeed, careful exam- 
nation of sediment cores from the ocean 
1 reveals the rapid rates of deposition. of- 
iment é and the occurrence 
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ms in the abyss 


types of cone remained, 


-individua 
.: relatively 


the 10,000 years of the Holocene than is 
apparent from the deposition rate of 5 cm 
kyr! recorded in the sediments, according 
to the estimates of Hollister and McCave. 
It is common to find that the rates of short- 
term sedimentation (and erosion) are 
several orders of magnitude higher than 
those of long-term accumulation for the 
shallow-sea deposits in many old sedi- 
mentary basins but it has not hitherto been 
known that the same is true on the floors of 
deep oceans. 

Considering all the deep oceans of the 





Saou) high. / All thë e en occur below 
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muddy manal of th world’s oceans just 
as a few land areas, which have erodible 
soils and intermittently strong winds, seem 
to contribute a large part of the very fine- ae 
grained suspended terrigenous materials i inc. 
the Earth’s atmosphere. es 
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Colour vision 


Direct recordings from the 
cone cells of a primate 


from J. D. Mollon 


FACED with the infinite varieties of hues 
and tints in a sunlit wood in spring, it can be 
difficult to believe that all our sensations of 
colour arise from just three unidimensional 
retinal signals. Nevertheless, our ability to 
see in colour depends on no more than a 
comparison of the relative rates of 
absorption of photons in the three types of 
cone cell within each local region of the 
retina and on the distribution of these 
ratios across the retina. The three types of 
cone cell contain photopigments with peak 
sensitivity in different parts of the visible 
spectrum; although direct measurements 
of their absorbance spectra have been 
possible for many years, Nunn, Schnapf 
and Baylor have achieved a great technical 
feat in obtaining the first direct electro- 
physiological recordings from a primate 
cone cell, reported on page 264 of this 
issue! . 

The existence of three types of retinal 
receptor was first suggested 200 years 
ago? and by 1886 the brilliant Arthur 
König had accurately deduced the spec- 
tral sensitivities of the cones from 
psychophysical studies of normal and 
colour-blind observers*. But the three 
in effect, 
hypothetical constructs until the first direct 
measurements of the absorbance spectra of 
the different cone types were obtained by 
microspectrophotometry, in which a 
narrow monochromatic measuring beam is 
passed throug! he outer segment of an 

receptor cell. Nowadays 
imates of the three 
e available for 




















































M. _ the green (540 nm) and yellow-green | 













the same as an electrophysiological action 
spectrum, which shows the number of 
photons required at different wavelengths 
to produce a given electrical signal. For 
example, it might have been the case that 
the electrical signal produced by an 
absorbed photon was dependent on. 
wavelength. Moreover, the steep long 
wavelength limbs of the absorbance 
spectra can be followed only down to. 
values around one-tenth of the maximum 
absorbance, whereas action spectra are no’ 
so limited and it is easy to measure thi 
intense lights needed to produce a criterion 
electrical signal at long wavelengths. _ 
It is physiological action spectra th 
Nunn, Schnapf and Baylor have no 
provided us with. To measure them in. 
tiny (perhaps 2um by 10um) pigmen 
containing outer segments of prima 
cones, they adapted a clever trick that Yau, 
Lamb and Baylor’ introduced in 1977 
originally to make recordings from the __ 
much larger photoreceptors of the toad. 
Instead of trying to put a microelectrode 
inside the outer segment, Yau et al. putthe — 
outer segment inside a micropipette, 
sucking it gently in and allowingthemouth —__ 
of the pipette to form an electrical seal. 
round the base of the outer segment. The 
signal thereafter measured is a graded 
reduction in the current that flows __ 
continuously into the outer segment in the 
dark. | 
In their samples of tissue from macaque 
monkeys, Nunn et al. have been able to 
record only middle- and long-wavelength 
cones; the peak sensitivities of the ti 
types of record lie quite close togethe 















ns. of the spectrum, in. 












e short-wave ‘receptors, ihe ‘so-called 
blue cones’, have so far eluded. 
‘measurement by the new method. But this 
is not surprising, for psychophysical, 
` microspectrophotometric and histological 











cones are relatively sparse, perhaps 
accounting for less than 10 per cent of all 


cones in human and macaque retinas. It | 


- seems that we use the blue cones only for 
$- colour vision per se. For the detection and 
= resolution of contours, for stereopsis and 

for discrimination of movement, werely on 

visual subsystems that draw their inputs 
— only from the long and middle-wave 
cones. 







psychophysicists will be Nunn et al.’s 
observation that the electrical responses of 


than do those of rods from the same 
species. Such a difference has long been 
postulated in order to explain why our 
ability to resolve rapid flicker is poorer, 
and why the subjective duration of our 
sensations is greater, when our vision 
depends on responses of the rods rather 
than of the cones’. 

Building on this pioneering work of 
Nunn, Schnapf and Baylor, it will be 
possible to answer some interesting 
questions. First, there is the question of 
adaptation. Nunn and Baylor have already 
ported. that primate rods exhibit little 
nsic gain control as the illumination 
el is increased'”. Will this also be the case 
r primate cones? Second, will there prove 
cbe a residual discrepancy between 
sorbance and action spectra for primate 
nes and, in particular, is the quantum 
fficiency the same for the short-wave ‘B 
and’ as for the primary mode of the 
pectral sensitivity curve? These questions 
ll be securely answered only when 
microspectrophotometric and electro- 
yhysiological measurements are made 
oncurrently on the same primate cones. 
“hird; will there prove to be individual 
lifferences in the exact spectral positions 
of cone sensitivities as has been suggested 
yy microspectrophotometric data from 
human eyes? a 





























“1. Nunn, B.J., Schnapf, J.L. & Baylor, D.A. Nature 309, 264 
z (1984). 
2. Palmer. G. Theory of Colours and Vision (xacroft. 
London, 1777}, 


(Hardouin & Gattey, Paris, 17 RH). 
ne meeting of the British 












; : ens Lag 
£ Mollon. 1.0. Doc. Ophthal. Proc. Ser. 33, 8? (1982). 
L Hecht, S. & Verriin, CD. Prec. nate, Acad, s US. A 










49, 5131933). 
. Nunn, BJ. & Baylor, DA. in Colour rision {i 
11.3} (Academic Konde 


Mollon, LD. & Sharpe, 
QBS 


Downing Street, 


-results all converge to suggest that the blue 


Of, particular interest to many | 


primate cones have a shorter time course | 
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from Sarah C. R. Elgin 


IN the analysis of the structure of chromatin | 


in animal cells, sites hypersensitive to 
digestion by the enzyme DNase I are 


generally found within the 1,000 base pairs | 


(bp) that flank the 5° ends of genes that are 


active or can be activated (see ref. | for a | 


brief review). That these discontinuities in 
the chromatin fibre mark sites relevant to 
the control of gene expression has been 
shown in several instances, most directly in 
an analysis of deletion mutations at the 
Drosophila Sgs4 glue protein locus’, and 
they can be considered as sites of potential 
interaction between specific effector 
proteins and DNA. A critical question is 
that of how the DNase I hypersensitive sites 
are generated and maintained; answers 
should not be long delayed to judge by the 
progress that has already been reported this 
year or is soon to be published. 

The appearance of DNase I hyper- 


= sensitive sites precedes the initiation of 


transcription and is tissue-specific for 
genes so regulated. Studies of the mini- 
chromosome of simian virus 40 (SV40) and 
of the chick B-globin gene indicate that 
DNase I hypersensitive sites correspond to 
regions of DNA that are nucleosome 
frees, Since it is known that DNA in 
certain conformations is unlikely to form 
stable nucleosomes, a formal possibility is 
that the DNase I hypersensitive sites consist 
solely of a short stretch of DNAin one such 
conformation. In that respect there has 
been considerable recent interest in sites 
that are sensitive to S, and other ‘single- 
strand-specific’ endonucleases in regions 5’ 
to genes in supercoiled DNA and in 
chromatin®.’. Some are sensitive to S, 
nuclease but not Ba/31 nuclease, while 


others show the opposite pattern''. The | 
sites frequently correspond to short | 


stretches of double-stranded DNA where 
one strand is all purines and the other all 
pyrimidines 19, 
altered structure at these sites in the super- 
coiled DNA is unknown but it appears 
unlikely that truly single-stranded regions 
are formed!?!!. 

While the available data are sketchy, it is 
common to observe, 5° to genes, one of 
several classes of sequence capable of 
adopting some sort of altered confor- 
mation. Comparisons of DNA mapping 


| data with chromatin mapping data indicate 
~ | that in at least some cases, such sequences | 
.| flank DNase I hypersensitive sites of 
| chromatin instead of being. 
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the formation of DNase I hypersensitive 
sites%!?, A model in which alternative DNA 
structures play a part in generating DNasel 
hypersensitive sites is attractive®’. One’s 
enthusiasm must, however, be tempered by 
the fact that there is relatively little 
evidence of whether alternative forms of 
DNA actually occur in vivo. ee 
It seems likely that DNase I hyper: es 
sensitive sites are generated by the inter- 
action of nonhistone proteins with the. 
DNA, perhaps following cues from the. 
surrounding sequence, perhaps binding to. 
the region itself. The challenge to isolate — 
such proteins has recently been taken up by 
Emerson and Felsenfeld'*. Using as an 
assay the correct assembly of the DNase I 
site 5’ to the chick 48 -globin gene, the 
have separated from the nuclei of chi 
erythrocytes, in which the gene is 
expressed, a protein that not only produces 
the requisite nuclease sensitivity but also 
retains a DNA fragment containing. the 
5'-flanking region in a filter-binding assay. 
Binding experiments with different DNA © 
fragments set one boundary of the recog- 
nition site between 268 and 303 bp, and the - 
other between 40 and 164 bp, 5’ of the 
transcription start site. For comparison, 
the DNase I hypersensitive site maps. 
between 65 and 163 bp, micrococcal 
nuclease sensitivity extends to 260 bp (ref... 
5) and a tract of 16 consecutive deoxyguan- 
osine residues, sensitive to S, nuclease in ` 
the supercoiled form, occupies bp 178-197. 
(refs 9 and 10). The region of interest ther 
fore covers both the DNase I hypersensitive 
site in chromatin and the most promine 
S, nuclease sensitive site in the DNA, but 
not the ‘TATA box’ or the transcriptic 
start site. Obviously more than one critica 
protein- DNA interaction may be 
occurring. 
Fortunately, several new techniques 
have recently been developed whic 
improve our ability to map or ‘footprint’ 
both alterations in DNA structure and 
protein-DNA interactions. In a forth- 
coming issue of Nature, M.M. Becker and 
J.C. Wang will describe a ‘photofoot-- 
printing’ technique, which uses ultraviolet — 
light to detect protein-DNA contacts as- 
well as changes in the structure of DNA. at 
the sequence level. The technique is based 
on the observation that the photochemica 
reactivities of DNA bases are dependent on 
both protein-binding and DNA structure. 
Breakage of the DNA backbone only at the 










































id page 229 of this i issue, Wu intro- 
es a new approach to analysing the 
ion of DNA-binding proteins within 
yund hypersensitive regions! . He uses 
ease III of Escherichia coli to digest 
omatin within the hypersensitive site 
its cleavage by a suitable endonu- 
clease (DNase I or a restriction enzyme). 
1 ‘he exonuclease is thought to stop when it 
encounters a protein, thus defining one 
boundary of the binding site. In an analysis 
Of a heat-shock protein gene (hsp70) of 
- Drosophila, a resistant (protein-bound) 
site is found 12-40 bp 5’ of the trans- 
cription start site in normal cells; in heat- 
shocked cells, however, an additional 
resistant site is observed in the region 
etween 40 and 108 bp. 

Techniques recently devised to cross- 
; protein with DNA should provide a 
nd method for mapping these 
ractions, and the potential to identify 
proteins involved, although at present 
this is frequently limited to cases where 
antibodies against the protein are available 








sensitive site in molecular terms within the 


next few years. E 
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rchaeolo ical dating 


‘om E.T. Hall 










N unexpected byproduct of investi- 
gations of the chemical stability of clays 
employed in the storage of nuclear waste is 
ye suggestion of a new method of dating 
cks, ceramics and other materials fired 
i antiquity. The technique, suggested by 
iddell and Fountain', depends on the 
fusion of Ca** ions from mortar or 
ement layers into the clay brick. The 
uthors report a relationship between time 
d calcium content at the interface of the 
; brick with the mortar but base their 
rt on only seven samples. These show 
there is an increase of calcium with 
although the experimental nature of 
urve relating the distance migrated by 
cium to time is far from clear. The 
migration distances are small (< 20 yam in 
200 years), whereas the matrix of bricks is 
comparatively coarse. An electron micro- 
probe was used for the analyses, providing - 
_ @ resolution of 2.5 um; there can be little 
- doubt that the analytical results from the 
_ traverses across the cement-brick inter- 
face must be very ‘noisy’ and accurate 
measurement difficult to achieve, even 
though multiple passes were made to 
obtain an average result. 

The new technique is interesting but still 
ta preliminary stage of development and 
application to real archaeological dating 
jay well be problematical. Clearly it has a | 
ng way to go before it can rival the most 
ssful of the methods for dating fired 





































































als — thermoluminescence The iE: 


Jew method for bricks? 


public or private purchasers are con- 
templating their purchase in the saleroom. 
For bricks whose environment is known, so 
that the thermoluminescent component 
arising from their surroundings or from 
cosmic rays can be estimated, thermolumin- 
escence can be expected to provide dating 
that is accurate to within ~ 7 per cent. 
Another technique for dating bricks and 
other fired clays is archaeomagnetic 
dating®, where the past history of the 
Earth’s magnetic field, both in direction 
and intensity, is used. In the case of bricks, 
which will have the direction of the Earth’s 
field induced in them at the time of firing, 
we do not normally know the orientation 
of the brick when fired and so 
measurement of direction of the brick’s 
magnetic moment will not help us. 
However, recent measurements’ of 
intensities of magnetization, which can be 
related to the ancient field strength, have 
provided some evidence that this might 
become a useful method of dating, albeit at 
a lower accuracy than is provided by 
thermoluminescence. 6 
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| 6, 17). a 
appl ation of ‘these techniques could lead 
to a full definition of the DNase I hyper- | 


| Fractals 


Aggregationism 
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THE problem of aggregation is both 
ancient, as in the manufacture of carbon 
black, and modern, with the recognition in 
the past few years that microscopic struc- 
tures as different as snowflakes and 
colloidal precipitates may be examples of . 
physical structures with fractional dimen- . 
sions — fractals in the sense intended by 
Hausdorff in 1919 and more recently given | 
wide currency by the proselytizing of B.B. 





| Mandelbrot. One page 225 of this issue E, 


R.M. Brady and R.C. Ball report oneofthe = 
most direct demonstrations so far that > 
aggregation does yield fractal structures. 
Brady and Ball are concerned only with 
aggregation whose rate is limited by that at. 
which extra particles can reach the surface 
of a growing cluster. The circumstances. 
therefore do not necessarily correspond to: 
those which determine the growth of, say, a © 
snowflake from water vapour, where the — 
shape of the crystal may be governed by the 
rate at which latent heat can escape. Either 
way, the application of macroscopic argu- 
ments to the growth of these structures is 
hampered by the non-linear character of 
the instabilities that form on growing sur- 
faces (departures from regular shape grow 
more quickly) whence the interest in the 
microscopic simulation introduced by 
T.A. Witten and L.M. Sander three years 
ago (Phys. Rev. Lett. 47, 1400; 1981). 
That model is simple enough. Put a seed _ 
particle at the centre of a finite patch of, | 
say, a square lattice and allow fresh par- 
ticles to enter the system at random places 
on the periphery and to make their way 
through the lattice by random walking, 
following the rule that they stick to the 
growing aggregate whenever they reach a 
neighbouring position on the lattice. Brads 
and Ball confirm the computer predictic 
for the three-dimensional lattice (that the 
density should be a decreasing function of 
the radius of an aggregate) by their neat: 
up in which the electrolysis current at con- 
stant voltage is simultaneously both” 
measure of distance and, when integrated 
over time, a measure of the total mass. = ooo 
As it happens, an experimental investi | 
gation of the other obvious case of aggre- 
gation — that typified by the aggregation. = 
of colloidal particles in homogeneous sus- © 
pension — has also just been published | 
(Weitz, D.A. and Oliveria, M. Phys. Rev. = 
Lett. 52, 1433; 1984). The model, in this 
case, is one in which the particles initially 
occupy many sites of a lattice, then diffuse = 
randomly through it and stick together 
whenever they encounter another particle — 
or growing aggregate. The unpublished 
result of the simulation (due to P. Meakin) 
is said to be a fractal dimension of about 
1.75, which Weitz and Oliveria say 
have confirmed a the measure 










































































spiral filaments of RecA protein. 


-general genetic recombination, homologous chromosomes 
re paired, cut and joined to form chromosomes with new 
‘linkages. To examine the underlying mechanisms, data from 
‘genetic crosses in fungi, bacteria and viruses have been used to 
develop models that account for the genetic data. More recent 
‘biochemical and physical studies on RecA protein, the recombi- 
nation enzyme of Escherichia coli, allow the development of 
more complete molecular models for the pairing and exchange 
reactions involved. In this article we describe such a molecular 
model, introducing it with a brief review of published models 
and the studies on which it is based. — 


Models of genetic recombination 


} alternatives have been suggested to explain how 
ologous pairing between chromosomes is initiated: (1) when 
uplexes are nicked by an enzyme at identical positions in 
hromosome’; (2) when one duplex carries a single strand 
and the other is nicked?” (Fig. 1a); (3) when one duplex 
icked and a strand is displaced by local DNA synthesis* (Fig. 
; (4) when both duplexes are replicated locally’; (5) when 
ticular sites in DNA are recognized by initiation enzymes’; 
‘when a two-strand break is made (Fig. 1c)’; or (7) when 
duplex carries a single-strand gap and the other is intact®!! 


g. 1d). The more recent models were designed to form 
qual lengths of heteroduplex DNA, as required by the data 
meiotic recombination in fungi ”'?'*. However, it has proved 
fficult to determine from genetic data how recombination is 
iated, and the choice between models, remains open. 
lomologous recombination also serves a function in the 
air of certain types of DNA damage. In yeast, for example, 
repair of double-strand breaks depends on recombination 
ith a homologue’*. Similarly, the switch between mating types 
is attributed to gene conversion at the mating type locus, initiated 
by a double-strand break’. In bacteria, recombination is initi- 
ated by DNA containing incised cross-links'° or by post-replica- 
tion gaps which induce sister exchanges with an efficiency close 
to unity". l Í 



































genetic recombination and post- 
A”, a pleiotropic gene that is acti- 
y £ aget. The recA~ gene product'?™?? is a 
| of 38,000 molecular weight (M) and known 
ce**?* that polymerizes into spiral filaments. It has a 
DNA-dependent protease activity for SOS induc- 

to DNA damag nd it mediates enzymatic 

DNA combination’. 


































Role of RecA protein spiral filaments in 
-~ genetic recombination 
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Physical and enzymatic studies on RecA protein from Escherichia coli provide the basis for a- 
molecular model of general genetic recombination, a novel feature of which is the role attributed to 
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mens in an electron microscope, the filaments formed on DNA 
are seen to be striated and to consist of right-handed spirals of 
pitch 100 A and diameter roughly 100 A (Fig. 2a, b). When: 
negatively stained, the spiral filaments appear to be deeply 
grooved with space between adjacent turns. They occur singly © 
or in bundles in quasicrystalline alignment and appear hexagonal © 
in cross-section”. 
The number of turns of spiral filament needed to cover a- 
circular plasmid of defined length is very reproducible, indicating - 
that RecA binds stoichiometrically to duplex DNA. There is 
one turn per 18.6 base pairs (bp) and there are 6.2 RecA 
monomers per turn, as determined by counting RecA striations 
on plasmid DNA and by measurements of the linear density of 
the filaments’’°. Evidently the spiral protein filament is wound 
along the phosphodiester backbone of the duplex with each | 
monomer binding to exactly the same number of base 
pairs™™ >. This number may be 3 bp, as assumed in Fig. 4, 
but not all methods give the same value*’. Measurements of | 
overall length of these filaments show the DNA to be stretched ` 
by 50% beyond the normal B-DNA length. At 18.6, instead of © 
the usual 10 bp per turn, the duplex is underwound by nearly 
50%, the angular twist between adjacent base pairs being 
reduced from the normal value of 36° to about 20° (refs 28, 29). 
RecA protein filaments also form on circular single-strand 
DNA in the presence of ATP, but are neither stretched nor 
striated. Some complexes are seen by electron microscopy to 
be of similar length to B-DNA, but others are collapsed on 
themselves. They are unstable and few are seen unless single- 
strand binding protein is present, or they are fixed with glutar- 
aldehyde”. r: 
Certain features of RecA spiral filaments have been revealed 
by X-ray crystallographic methods. RecA protein crystallizes 
in hexagonal and in tetragonal crystals, which have been 
examined by X-ray diffraction**. The hexagonal crystals which _ 
form at low pH appear to contain spiral chains with 6 RecA — 
protein monomers per turn of length 84 A and symmetry P6.1 
(Fig. 2c). Since the spiral filaments seen by microscopy are right 
handed, we think the monomers may also be arranged in right- 
handed spirals within the crystals. The X-ray diffraction studies” 
on hexagonal crystals prove that the spiral filaments consist of 
RecA monomers arranged head to tail in equivalent posi 
(Fig. 2c), and not in a sequence of dimers or tetramers**: 





















































sites, one for each DNA. 
iere would be no basis for: 
ly one DNA bindin gs 














filaments of regular structure with all the monomers orientated 
n the same direction. 


Initiation, pairing and strand exchange 

RecA protein binds cooperatively to single-strand DNA and 
has a single-strand DNA-dependent ATPase activity*®~?. 
Homologous pairing by RecA protein was first detected in vitro 
when single-strand fragments were paired with circular duplex 
DNA to form stable complexes*””** referred to as displacement 
ops or D-loops. However, the pairing and strand exchange 
-reactions of this protein have been more fully characterized in 
reactions with circular single-strand and full length linear duplex 
NA****. RecA protein binds to single-strand DNA to form 
| initiation complex that is capable of immediate pairing with 
yplex DNA*°*”. One strand of the linear duplex is transferred 
> single-strand circle, to form a nicked circular heteroduplex 
. linear single strand**. The strand exchange requires ATP 
dvances in the 5’ to 3’ direction along the original single 
trand at a rate of only a few bases per second*>**. It works 























Fig. 1 Current models for the mechanism of general genetic recombination. a, (I) Recombination initiated by a single-stranded gap. OD- 
Unwinding and pairing. (IIL) Paired strand is cut. (IV) Repair synthesis. (V) Isomerization and resolution of one crossover to form 
recombinants”’*'°. b, (I) Recombination initiated by a nick. (II) DNA synthesis at nick displaces strand. (IH) Homologous pairing. (IV) Intac 
duplex is cut in response to pairing. (V) Isomerization and resolution of one crossover to form recombinants’. c, (I) Recombination initiated © 
by a two-strand break in one duplex. (I) pairing by first 3’ end. (IH) Repair synthesis from 3’ end, second 3’ end pairs. (IV) Repair synthesis | 
from second 3' end completes gap repair and formation of two cross-overs. (V), (VI) Resolution of two cross-overs to form recombinants”. 
d, (P) Recombination initiated by a single-strand gap. (II) RecA protein condenses on gap and promotes homologous pairing. (III) Strand — 
exchange to form heteroduplex at gap. (IV) Branch migration to the right allows end of strand to interwind with duplex. (V) Strand crosses | 
back. The gap is repaired and the two cross-overs are resolved to form recombinants. The intact homologue is cut only at the resolution of 
o the cross-overs’. 
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best if single-strand binding protein (SSB) is added to stabilize = 
the initiation complex, and has the advantage that the substrates, = 
intermediates and products of the reaction can all be assayed. © 

Homologous pairing and strand exchange reactions also occur 
between two duplex molecules if one of them contains a small 
single-stranded gap (gapped DNA)”. When gapped circular- 
DNA is incubated with RecA protein and linear duplex DNA 
containing a 3’ end complementary to the gap, RecA pairs the 
molecules starting in the gap**'*’. Strand exchange then proceed 
in the 5’ to 3’ direction in the gap and continues along th 
adjoining duplex to form two heteroduplexes''*’. When th 
gapped DNA is incubated with nicked circular DNA, pairit 
at the gap leads to the 3’ ends being exchanged and to th 
formation of figure-8 DNA structures containing Holliday cross 
overs’’. E 

The reaction between gapped and intact circular duplex DN 
is similar. Again, homologous pairing initiated at the sing 
strand gap, leads to strand exchange and the formation 
heteroduplex DNA, but in this situation the length of heterod 












Fig. 2 Structures of RecA protein- i 
spiral filaments. a, RecA. protein 


free of DNA, bas 
< tallographic da 





Fig. 3 A two DNA binding s site N for RecA protein and a proposed mechanism for homologous pairing and strand exchange. Each. 

base is shown in axial view with two phosphates. The sugar phosphates are unwound to about 20° between adj jacent base pairs. RecA protei 
about 50 Å in diameter, 60% larger than shown in this diagram. a, Pairing and strand exchange between single strand and duplex. (I) A 
igle-strand binds at site I of RecA protein. to form an initiation complex. (ID Initiation complex binds to one strand of a duplex at site T 
itt mologous pairing by hydrogen bonding (bonds not shown) i in the wide groove. (ILI) RecA protein rotates the bases into the heteroduple: 

posi on. b, Pairing and strand exchange between two duplexes. (1) One strand of the duplex binds at site I to form a duplex initiation comple 

(HD). és ‘he duplex initiation complex binds to the second duplex with homologous pairing by hydrogen bonding (bonds not shown) in the wide 

SE groove. (I) RecA protein rotates the bases into the heteroduplex configuration. 
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The alignment of identical base sequences at hor olo 
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be visualized: (1) The two strands of a duplex may l 
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of experimental data, we think wide groove pairing to be 
- likely because of the failure to detect strand separation 
airing and because wide groove contact would hold the 
$ in position for the ensuing strand exchange reaction. 
loreover, it is valid for pairing between single-stranded and 
-duplex DNA as well as for the pairing between two duplexes 
that should occur in reactions between gapped and intact duplex 
DNA”? (see also Fig. 3a(11), b(1D). Although stable four- 
-Stranded polydeoxyribonucleotide chains have not been found, 
they may be formed when two duplexes are held together within 
a spiral filament. However, the duplexes probably would not 
be in the normal B-form, nor in a fully paired four- stranded 
structure with 3. 4 A axial Spacing as | has been poe 
























Fig. 4 An enzymatic model for genetic recombination. a, Complete model with enzymes; b, DNA only. (I) RecA protein binds cooperatively 
to the single strand in a gapped duplex to form an initiation complex, in preparation for pairing. Watson—Crick base pairs are shown as rods 
linking the DNA twin helices. (H) The initiation complex binds to the intact duplex, making transient contacts until a homologous site is 
reached. For clarity, the initiation complex is drawn with only a few protein monomers, but in reality is likely to extend over hundreds or ` 
thousands of nucleotides. (HI) When homologous contacts are made and the strands become paired locally, the initiation complex acts as 
nucleus for further cooperative binding, which extends the RecA spiral filament around all three paired strands. As more RecA binds, the 
piral filament extends around both duplexes drawing them together, wide groove facing wide groove. RecA binds to duplex molecules in - 
esponse to pairing. (IV) The spiral filament is extended further by the addition of more monomers to the head end. RecA monomers at the 
“tail end switch the strands to the heteroduplex configuration and may then be released from the DNA. The upper heteroduplex is relaxed by 
opoisomerase I. DNA polymerase starts to repair single strand gap by adding nucleotides to 3’ end (broken lines). (V) RecA driven branch.. 
ïgration continues with hydrolysis of ATP. (VI) Growth of the spiral filament ceases and the last RecA monomer dissociates, leaving single 
strand cross-overs, which are then resolved enzymatically. The crossover on right is generated by switching the base stacking (isomerization). 
(VH) Mismatched base pairs in the heteroduplexes are corrected enzymatically and mature recombinants are formed. 
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strand exchange reaction advances along each duplex with lit 
regard for small deletions or base damage. E 


RecA binding to duplex DNA 


The binding of RecA protein to DNA molecules exhibits se e 
unexpected features. In the presence of ATP, it normally bin 
only transiently to covalent circular duplexes. However, th 
addition of homologous single-strand DNA fragments results 
in a more stable form of binding of RecA to the double-stranded. 
DNA, which then becomes temporarily i immune to subsequent — 
pairing with single-strand fragments?” “©S This immunity may | 
be due to the RecA protein which, starting from the paired 
initiation complex, binds cooperatively to the circular duplex | 
and causes local underwinding. The remainder of the form- I. 
DNA becomes overwound and the whole molecule becomes. 
immune to pairing. Further evidence for underwinding by RecA ; 
is obtained in similar reactions in the ei 

I. Again the addition of homologous single 
extensive RecA binding and to a marked reductior 
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A, pair ‘with ‘duple DNA which binds at site > IL Since th : 
resulting ternary complex acts as.a nucleus for further coopera- 





-tive RecA binding beyond the terminus of the single stranded 
. fragment, the duplex DNA becomes covered by RecA protein 
= and is subsequently immune to further pairing. 





A molecular model for recombination 


Based on the information discussed above, we have constructed 

a molecular model for general genetic recombination in E. coli. 
... It differs from previous models by proposing that RecA protein 
forms a spiral filament that surrounds the paired DNA 
molecules. The strand exchange reaction takes place within the 
spiral filament and switches base pairing to form two hetero- 
duplexes. To illustrate this mechanism, we show a diagram of 
an exchange between two duplexes initiated at a single-strand 
gap, but anticipate that this mechanism may be applicable to 
recombination initiated in other ways. 

The assumptions made in developing this model are as follows: 
(1) Each RecA monomer has two distinct DNA binding sites, 
the primary site and the secondary site (Fig. 3a(1) and (H)). 
(2) In an initiation complex, the primary binding site in each 
RecA monomer is filled by single-strand DNA. (3) Pairing is 
“between an initiation complex and a naked duplex. (4) The 
RecA spiral filament winds round the paired DNA molecules 

and dissociates after strand exchange. 

Figure 4a shows an outline of the proposed molecular model 
for recombination between two duplexes, and Fig. 4b shows the 
same model with enzymes removed, so the DNA strands can 
be seen more clearly. In this scheme, genetic recombination is 
initiated by the duplex containing a single-strand gap. Since 
RecA „protein forms initiation complexes on single-strand 
DNA“, we will assume it also does so on gapped DNA (Fig. 
4al), binding initially to the single-stranded DNA in the gap 
and subsequently along the adjoining duplex’. Once formed, 
initiation complexes pair with naked duplex DNA (Fig. 4all). 
or clarity, the initiation complex is drawn in Fig. 4 with only 
few protein monomers, but in reality is likely to be many times 
nger. 

Homologous pairing between gapped and intact duplex 
olecules may occur when the initiation complex (Fig. 4al) 
ith single-stranded - CDNA at site I (Fig. 3al), makes 
omologous contacts with a naked duplex, winding around all 
ree strands (Fig. 4al) with the duplex at site II (Fig. 3all). 
ompensating left-hand turns which must form outside the 
red regions, are not shown”®. The paired initiation complex 
ay serve as a nucleus for further cooperative binding, extending 
e spiral filament to the end of the gap and along the adjoining 
uplex, drawing both duplexes together (Fig. 4a lI). In a similar 
ay, when site I is filled by duplex DNA, it behaves as an 
itiation complex and is again capable of interacting with a 
aked duplex which binds in site II (Fig. 3d11). Thus, a single 
chanism suffices for both three- and four-strand interactions. 
We will assume that the filament is orientated and grows by 
accretion at one end, which we will call the head end, and 
dissociates by loss from the tail end, the head to tail direction 
_ being set by the 3’ (head) to 5’ (tail) direction along the single 
strand; Once an initiation complex has established homologous 
contacts with a duplex, and the paired strands are surrounded 
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filament may therefore be variable, depending upon the: 
of accretion at the head end dissociation from the tail ¢ 
reaction will be completed when RecA protein, for what 
reason, fails to add further to the growing end, and the last” 
monomer of the spiral filament dissociates. $ 
Of the two heteroduplexes formed, the lower one Jaala be. 
free to coil into a relaxed duplex because of the single-strand 
gap, while the upper heteroduplex, having no gap, will be 
constrained but may be relaxed by topoisomerase I (Fig. 
4a(IV)). The reaction is co mpleted by a switch in base stacking 
referred to as isomerization’ to provide the template needed. 
for te repair by DNA polymerase and ligase (Fig. 4a(V) and 
(VI) i 
At this point, the gap has been repaired, the two duplexes. 
are freed from the spiral filament, and they are joined by two. 
single-strand cross-overs (Fig. 4a(VII)). They are converted to. 
mature recombinants by the enzymatic resolution of cross-over: : 
and the repair of mismatches in the heteroduplexes*’. The 
endonuclease activities performing these functions are still to 
be purified and studied. | 


Future prospects 


Several features of the proposed enzymatic model require fu a 
ther investigation. The basic structure of homologous pairing» 
has not been established. RecA binding to DNA and the struc 
ture of the resulting complex require further examination. Con- 
flicting results on the stoichiometry of RecA binding need to- 
be resolved. We do not know what triggers a strand exchange 
or how it takes place. We do not understand RecA binding or | 
its release from DNA following strand exchange, nor why it 
uses so much ATP. The structure of RecA protein is still to be- 
determined. Other enzymes, notably those for resolving single- 
strand cross-overs and for mismatch repair in heteroduplex 
DNA, are needed to fill important gaps in the enzymology of 
genetic recombination. 

This work was supported by US PHS grants GM11014 
CA26763, CA06519 and AM09397. 
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ATED sampling of an area at 4.8-4.9 km depth lying under 
ath of the Gulf Stream or its warm-core rings revealed 
mely high current velocities (up to 0.73ms° (ref. 1), 
spended sediment concentrations up to 12 g m`? (ref. 2) and 
»rm development. All these varied in time. The area is the 
ontinental rise south of Halifax, Nova Scotia (Fig. 1), 
¢ measurements were taken as part of the High Energy 
ic Boundary Layer Experiment (HEBBLE)*°. The 
ent aimed to develop and test a coupled bottom Ekman 
d sediment transport model for cohesive sediment over 
mly distributed bed roughness’. Regional investigations 
-HEBBLE have provided numerous hydrographic®.’, photo- 
raphic®, sedimentological”, current velocity!'""*, light trans- 
‘mission'*"!5, and suspended sediment”'®'’ data. These have 
‘been used to select a 4x 2 km box on the lower continental rise 
40°27’ N 62°20’ W where bed roughness is uniform, bed 
pes are low (<1:100) and currents are intermittently fast 
;. 1). The Nova Scotian Rise was first investigated because 
er data on sediments, photographs and currents suggested 
ediment transport in the area’*”*°. 

ost sediment is carried to the depth of the continental rise 
; debris flow and turbidity currents. Subsequently, bottom 
currents produce two well-defined deposit types: those domi- 
nated by reworked current-deposited sediment, exemplified by 
arts of the eastern margin of the United States?” ??, and those 
here current reworking is slight, such as the margin off north- 









































major sedim 















ope sedimet 


al 



















ARTICLES 


Sedimentation under deep-sea storms 
C. D. Hollister’ & I. N. McCave” 


* Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543, USA 
+ School of Environmental Sciences, University of East Anglia, Norwich NR47TJ, UK 












. West, S. C., Cassuto, E. & Howard-Flanders, P. Proc. natn. Acad, Sci. L/S. A. TB, 2100-2104 
{1981}. ee Rg ete es 

49. DasGupta, C., Wu, A., Kahn, R., Cunningham, R, P. & Radding, C. M. Cell 25, 507-516 

50. West, S. C.. Countryman, J. K. & Howard-Flanders, P. Cell 32, 817-829 (1983). 

81. Gonda, D. K. & Radding, ©, M. Cell 34, 647-654 (1983), 

32, Holloman, W. K. & Radding, €. M. Proc. natn, Acad. Sei. LSA. 73, 3910-3914 (1976). 

$3. West. S. C., Cassuto, E. & Howard-Flanders, P. Nature 290, 19-33 £1981}. 

$4. Wu, A. M., Bianchi, M., DasGupta, C. & Radding, C. M. Proc. natn. Acad, Sci LSA 
BO, 1256-1260 (1983). 

58. Iwabuchi, M., Shibata, T, Ohtani, T., Natori, M. & Seno, T- 4 biol, Chem. 258, 12394- 
12404 (1983). 

36. McGavin, $. J. molec. Biol, 85, 293-298 (1971). 

57. McGavin, S. Heredity 39, 15-25 (1977). 

$8. Wilson, J. H. Proc. nain, Acad, Sci. U.S.A. 76, 3641-3645 (1979), 

59. Arnott, S.. Bond, P. J., Selising, E. & Smith, P. C. J, Nucleic Acids Res. 3, 2459-2470 (1976). 

60. DasGupta, C. & Radding, €. M. Proc. natn. Acad. Sci U.S.A. 19, 762-766 {1982}. 

61, Bianchi, M. & Radding, C. M. Cell 38, 311-520 (1983). a eS 

62. Livneh, Z. & Lehman, L R. Prac. natn, Acad. Sci, U.S.A. 79, 3171-3175 {1982}. 

&3. Ohtani. T., Shibata, T., Iwabuchi, M., Nakagawa, K. & Ando, T. J. Biochem. (Tokyo) 91, 
1767-1775 (1982). LES 

64. Shibata, T, Ohtani, T, Iwabuchi M. & Ando, T. 4. biol Chem. 287, 13981-13986 0> l 
(4982). 

65, Ohtani, T. et al Nature 299, 86-94 (1982). 

66. Wu, A. M.. Kahn. R., DasGupta, C. & Radding. C. M. Cell 30, 37-44 (1982). 

















urrents, high concentrations of suspended sediment and grooved mud beds are associated with erosion in frequent. 
byssal storms where a fast deep mean flow is augmented (or reversed) by intense intermittent currents. This occurs about 
5km below the Gulf Stream or its rings. The waning phase of a storm results in development of bedforms and rapid . 
deposition of a mud blanket. Several other regions of the world ocean display evidence of abyssal storm activity. < 
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Here we draw together diverse data bearing on the rapid 
erosion, transport and deposition of sediments on the lower 
Nova Scotian Rise and on the driving forces, a combination. of 
a strong mean component (DC current) with strong fluctuating 
components (AC current). We then examine the implications 
for sediment dispersal and deposition in the deep sea. 


Sedimentology and stratigraphy 
The 2x4km HEBBLE box (Fig. 1b) was sampled with moi 
than 30 box cores in July 1982. Over this area the upper un 
is a ~4-cm layer of soft brown mud with a silt/clay ratio. of 
1.70, foraminiferal sand content of 6% and water content {' 
wet weight) of ~50.0%. The thickness of this layer measurec 
in cores and on X-radiographs varies between ~0.5 cm and 
12.5cm. Its vane shear strength is uniformly low at ~0.4 kPa, 
rising rapidly to ~4 kPa in the underlying layer of foram clayey 
silt??, whose water content decreases from 45.8% at the topof 
the layer to 36.9% at a depth of 14 cm. This underlying unit is _ 
about 30cm thick, is extensively burrowed (live worms have 
been found down to the base of the unit) and is probably all- 
Holocene in age as it contains Globorotalia menardii. The forar : 
mud contains 1-30% sand, chiefly of planktonic foraminifera. 
Two longer cores have a gravelly mud of presumed late Pleis 
tocene age beneath the Holocene. 7 E e 

Internally, the surface mud unit shown in Fig. 2 is variably 
burrowed and laminated. Some burrows are large and terminat 
in mounds, others are a filamentous network. The uniform 
physical properties of this surface layer suggest rapid deposition 
This is corroborated by 7*4Th (1, ,. = 24 days) distributions show 
ing penetration of the radionuclide to depths as great as 6¢ 
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Fig. 1 Location of the HEBBLE box on the Nova Scotian continental rise. a, Physiography of the region with the paths of the Western 
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Boundary Undercurrent (WBUC) transporting Norwegian Sea Overflow Water (NSOW) and a Deeper Western Boundary Current (DWBC) 


(>100 cm? s7?) ®, b, Contoured enlargement of the slope-rise province with location of the HEBBLE box, the mean position of the northern 


b with cold (0 < 1,82 °C) water of possible Antarctic Bottom Water (AABW) origin®*’, and, stippled, the region of high abyssal kinetic energy 


side of the Gulf Stream”* and its +50% limits, and, shaded, the region of high surface kinetic energy (>1,000 cm? s -*)’*. Bathymetry of b 
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Fig. 2 Left: X-radiograph of the uppermost sediments in Knorr Cruise 96 (July 1982) box core 34. Centre: interpretation of the internal 
structure showing two depositional events (A and C) separated by an episode of mound construction (B). Right: an X-radiograph from box 
core 2 showing burrow-mixed upper part of the sediment column containing fine gravel (dark grains). 


from one site is a deposition rate of 1.42 cm per month 
-~ (17cm yr~') and mixing parameter of 85cm? yr™' (ref. 30), 
values confirmed and extended by analysis of more samples by 
our colleagues D. DeMaster and C. Nittrouer*', These 
extremely high rates require very high suspended sediment 
concentrations (~100 g m~?) occurring intermittently over a 
few months’. Deposition is often followed by rapid biological 
mixing of the sediment, a feature well shown by some X- 
radiographs (Fig. 2). 

Detailed size analysis of 20 samples from 1-5 mm depths 
taken in July 1982 and June 1983 reveal a marked change in 
the material present. At depth, below the surface brown mud, 
on both occasions the silt fraction (2-63 um) contained two 
modes at ~4 um and ~14 um. However, the surface 4cm in 
= July 1982 showed only a single peak at ~14 ym (ratio of % at 


j i to % at 4 um = 2.99 +1.38) whereas in June 1983 the 
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bed was quite different with a clearly bimodal size distribution 
and a peak-height ratio of 1.42+0.24 (+1 s.d.). The unimodal 
surface layer deposited before July 1982 must have been laid í 
down in conditions of higher shear stress, suppressing deposition 

of the finer mode. Taking the preliminary in situ settling, 
velocities (from trials of the optical tube of R. Zaneveld) for 

the fine mode to be 5.5 X 1074 cms”, the boundary shear stress 

under which the 1982 bed was deposited, preventing deposition 
of 4 um silt, was >0.005 Pa (shear velocity >0.22 cm s~™*), while _ 
the 1983 bed was laid down under a lower stress**. Many 

X-radiographs reveal a laminated upper 5 cm of the bed, thus 

the bimodal deposit of 1983 could not have been formed by 
biological mixing-in of fine sediment deposited on top of the 
1982 layer. We conclude that the bed of July 1982 had been 
completely eroded and that a new deposit of ‘bimodal mud’ up _ 
to 4cm thick had formed since then. Again, our inference is _ 
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iat least í one cruise per year to the Nova Scotian 
1979, returning photographs from between 4,750 
: (Fig. 3). Gross bedform zonation of the rise shows 
idence of more tranquil conditions where the bed is shallower 
han 4,500 m and of faster currents below 4,750 m with very 
on longitudinal ripples below 4,850 më, The zone 
bottom depths of 4,750 and 4,950 and from 61 to 
was photographed in July and September 1979. These 
the subsequent photographs can be assigned to a position 
rough scale of relative importance of erosion or deposition 
he basis of the many features observed (Table 1) (compare 
th ref. 36, Ae es Tt is not posi to calibrate this scale 







































í o 2 veek re 3), and the tranquil end ae score 
has currents less than ~0.05ms7'. It is unlikely that 
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TA showed | pronounced grooving, exhumed tubes and 
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(Fig. 4a, c). Over an area the size of the HEBBLE box the- 
photographed bed condition is spatially very uniform at a given 
time. During Knorr 96 the 16 sub-areas had over 20 photographs 
taken in each, and none rated a score less than 4. Current 
velocities measured about 35 km south of the EN 75 photo- 
graphs during the previous 10 days (1-8 October) were all 
>0.30ms™ on daily average, and for 2 days they were . 
>0.40 ms~? (ref. 6). During Knorr 96 the photographs show 
surfaces with mounds, scattered faecal pellets, organic tracks 
and trails, various animal holes in the mud and occasional fin 
lineations. For the week before the start of the photogra 
survey, currents at 59 m above bottom (mab) in the HEB 
box were <0.10ms~' and for half the time they w 
<0.06ms"'. 

At intermediate speeds, 0.05 to 0.15ms"', deposition of sil 
occurred with development of barchan-like ripples in ~15 
silt containing ~25% clay and <10% sand (Fig. 4b). Thest 
faces on these bedforms suggest a measure of non-cohesi 
behaviour on the part of these clayey silts. The barchan ri 
grow on the downstream side of biogenic mounds. It is not 
what dynamical condition controls the difference be! 
formation of either single tails (mound-and-tail structure 
‘swallow-tailed’ barchan ripples downstream of mounds. 















Table 1 Photographic features indicative of erosion/ deposition . 
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Smoothed surface 
Mounds and tails 
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Animal tracks. 
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Fig. 4 Representative photographs for the conditions of: left, major erosion yielding a grooved bed (EN75); centre, deposition under 
a moderate current yielding barchan ripples in clayey silt (KN103); and right, tranquil conditions with a biologically textured bed and little 
evidence of current activity (KN96). All from the area of the HEBBLE box. 


conditions are exemplified by the photographs of April and June 
1983. 

On the basis of the stronger bottom currents and direction 
reversals shown on Fig. 3 we have picked off certain times that 
we call ‘storms’. We define as abyssal storms those periods of 
several days to a few weeks with intermittently high current 
speeds (over 0.20 ms~’ with peaks over 0.30 ms~') and often 
with reversals of current direction (see current meter records 
in Weatherly and Kelley’’). Associated with this perturbation 
of the velocity field is high turbidity caused by resuspension of 
bottom sediments which some authors have termed storms? $7, 
We prefer to view the increased turbidity as a common con- 
sequence of storminess. There are about three of these storms 
per year occupying about 35% of the time. Less than a third 
of them contain speeds over 0.40 cm s™' at the HEBBLE site. 
though they may contain such speeds somewhere in the vicinity. 
Nevertheless, an area can expect, on average, to suffer one of 
the intense scouring events like that photographed in October 
1981, once per year, and be subject to a scale 2 or 3 event twice 
per year. The material put into suspension is deposited (or 
dispersed) in the remaining 65% of the time. The deposition is 
probably as episodic as the erosion, since concentration controls 
deposition rate both directly and through its control of settling 
velocity, thereby ensuring that initial deposition rates after 
storms will be fast. 

The rates of deposition suggest that the upper layer ‘C’ of 
the sediment column shown in Fig. 2, 2.5-4cm in thickness, 
was probably deposited between the minor storm of March 
1982 and the sampling date of July 1982. The first layer ‘A’ 
probably post-dates the intense October 1981 storm, putting 
the mound formation in the period December to February 1982. 
These rates of up to a centimetre per month deposition are 
consistent with the *°*Th dating mentioned above*®*!. The 
two-event signature of box core 34 (Fig. 2) is shown in at least 
5 of the other 15 sub-areas of the HEBBLE box. The stratigra- 
phy of the uppermost sediment column here is extremely 
ephemeral and its chance of being preserved very small. The 
overall Holocene deposition rate on this part of the continental 
rise is ~5.5 cm kyr‘ (giving an annual deposition/ preservation 
ratio of 3,100), and the deposits preserved are almost totally 
disturbed by burrowing animals. 


Driving mechanisms 


The area we describe has three abyssal features possessed by 
several other points in the world ocean: (1) strong mean flow 
of 0.10-0.15 ms"! (refs 10, 29); (2) high variability of flow 
speed and direction resulting in a high eddy kinetic energy 
(variance of speed)**“°; and (3) a large, fresh supply of mud 
in the form of turbidity current deposits located upstream (the 
Laurentian Fan). Several other sites with large supplies of mud 
and strong steady currents have been examined elsewhere, for 
example, Feni, Hatton and Gardar drifts in the northeastern 
Atlantic*’-**, and Blake and Greater Antilles Outer Ridge in 
the southwestern North Atlantic****. In none of these locations 
have the extraordinarily high turbidities (>1 g m™°) and flow 
speeds attained on the Scotian Rise been matched. 

The high turbidities attained must be related to high rates of 
erosion, as Armi shows that they are not due to turbidity 
currents, an earlier explanation*®. An important determinant 
of this is the sediment water content*’**. Rapidly deposited 
sediments have high water contents, and in the HEBBLE area 
the water content of the surface 2 cm ranges from > 100% dry 
weight (>50% wet weight) to 170% (61% wet weight) (J. Y. 
Yingst and A. J. Silva, personal communication). This high 
potential erodability is a consequence of the fluctuating velocity 
regime, which allows rapid deposition of material under the low 
velocities following a storm. By contrast an area which suffers 
a more sustained stress may become ‘stress-hardened’ and more 
difficult to erode, requiring a large fluctuation in speed to move 
it*’°°. Of course, the fact that the maximum currents here are 
up to 0.73ms_‘, almost twice as high as those flowing over 
other deep-sea sedimentary bodies, also helps cause rapid 
erosion. 

The origin of the high abyssal eddy kinetic energy in this 
region appears to be related to the high surface eddy kinetic 
energy of the Gulf Stream overhead***°*'*?_ However, 
Weatherly’ shows that proximity of the Gulf Stream or its 
warm-core rings to the deep current meter locations is associated 
with a high frequency of current reversals (easterly flows) and 
with mean speeds of 0.15 to 0.20 ms~' to both west and east. 
Rhines’*’ numerical models suggest a uniform decrease of the 
ratio of surface to bottom velocity with increasing E/6 where 
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Fig. 5 a, Regions of spreading of cold bottom water®’ (light 
-stipple) superimposed on distribution of large current-controlled 
accumulations of mud®® (heavy stipple). b, Areas of high surface 
idy kinetic energy or variability of surface elevation, based on 
“Wyrtki et al.” and Cheney et al.°”, with, superimposed, the region 
of highest suspended particulate load (>20 gm 2 in the North 
„and South Atlantic from Biscaye and Eittreim®, the maximum 
A turbidity in the Indian Ocean from Kolla et a. and the turbidity 
high south of New Zealand from Dr P. E. Biscaye. 





‘is the Rossby number and 6 is the relative roughness, a 
eature demonstrated by Dickson’s results*®. At high energy 
levels the eddies should be more barotropic’? and the flow 
should depend only weakly on depth as shown in the Gulf 
Stream area by Schmitz” . Looking at the western Atlantic as 
a whole, Schmitz” identifies regions of deep strong mean flow 
as ones of enhanced eddy kinetic energy though the values are 
sen to half those found under the Gulf Stream. 





{ j The denta stratigraphical record under sites of high eddy 
> kinetic energy is much more fragmentary than generally sup- 
- posed. The situation more closely resembles storm-dominated 
‘shelf sedimentation than the continuous accumulation presumed 
or many parts of the deep ocean. In the Scotian Rise area the 
ean deposit thickness of 10° yr net accumulation can be 
moved in a few weeks and redeposited in a few months. The 
h nutrient flux resulting from both horizontal advection and 
~ vertical flux from the Gulf Stream’s surface productivity allows 
; intensive activity by burrowing organisms’, yielding pheno- 
‘menally high values of biological diffusivity i 85 cm? yr T1}30,31 
compared with previous deep-sea values (all <0.5 cm” yr™'). 
Thus the signal of intermittent erosion and deposition is largely 
‘smeared out or erased once the sediments have passed below 
zone of episodic erosion. 
(2) This region is clearly important for generation of nepheloid 
rs and for their thickening by detachment and injection of 
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feature of the GEOSECS S suspended Ere 
western Atlantic is relatively high conce: 
to a depth of 2,000 m (>2, 000. i 
45° N“, This may contain mater: ‘ii 
under high eddy kinetic energy of the. nd: 
core rings on the continental rise or cold-core rings over partie 
ern Bermuda Rise, which has been diffused upwards, as well as 
sediment that has spread laterally along isopycnals. Below the 
surface layer the small particles (mainly <5 pm) providing most 
of the light-scattering signal to deep-sea nephelometers have a 
long residence time in suspension, probably more than a 
year °°. Significant amounts of the optically detected material 
in nepheloid layers may thus have an origin in resuspension far 
from the detection point. This point is supported by the chemical 
data of Bishop and Biscaye®’, who find similarity between sus- 
pended and bed material in areas of strong currents where 
resuspension is likely, but some dissimilarity in quiescent regions 
with weak nepheloid layers. There the bottom sediment results 
mainly from rapid vertical flux from the surface and the ` 
nepheloid layer contributes only a slight rate of deposition. The 
stormy areas of the sea bed are seen as major sources of 
suspended material which is raised up and then advected across 
ocean basins. This situation is roughly analogous to that of soil — 
aerosols, a major portion of which originate from a few areas 
with erodible soils and intermittently strong winds®?’°’. 

(8) The points of major resuspension under abyssal storms 
in the world ocean are likely to be those where surface eddy 
kinetic energy is high and coupled to a strong near-bottom mean 
fow and sufficient mud. An extremely dense nepheloid layer 
would indicate the possibility of storm activity and large sedi- 
ment drifts and mud waves indicate significant long-term deposi- 
tion. Several authors using the Lamont nephelometer have 
demonstrated a clear relationship between the regions of high 
mean velocity in deep boundary currents and high suspended 
sediment content®?-*®, Regions of spreading of coldest bottom 
water” and areas of depositional sedimentary bedforms” cor- » 
respond closely (Fig. 5a). The distribution of eddy kinetic energy | 
inferred from satellite®?”° and ship drift observation” shows- 
several areas of elevated surface eddy kinetic energy and a few - 
particularly high spots where we presume high abyssal eddy- 
kinetic energy. These are the North American basin under the 
Gulf Stream system, the Argentine basin under the confluence 
of the Falkland and Brazil currents, under the Kuroshio off 
Japan, in areas off South Africa in the Natal Valley and Mozam- 
bique Basin beneath the Agulhas current, in the Tasman Sea 
under the East Australian current, and over large areas beneath =~ 
the Antarctic Circumpolar Current—south of the Crozet _ 
Plateau, east of the Kerguelen Plateau, in the Weddell Sea and 
on the southwestern side of the New Zealand Plateau (Fig. 5b 
Many of the areas of potential bottom storminess are also the 
regions of maximum turbidity in the ocean basins (Fig. 58), In 
the Atlantic the two maxima are under the Gulf Stream and in 
the Argentine Basin®?**. In the Indian Ocean maxima coincide _ 
with the Agulhas region and the area east of Kerguelen®’. South _ 
of New Zealand along the southern end of Chatham Rise, P. 
Biscaye (personal communication) has located the maximum 
turbidity in the Pacific. The notable exception to this list is the 
area under the Kuroshio where no great source of suspended _ 
material has been detected’*. The large amount of sediment — 
eroded from Japan goes into the Japan trench and there is no. 
strong near-bottom thermohaline flow in the region. The Pacific 
equatorial high surface Kinetic energy does have a substantial 
accumulation of biogenic mud beneath it, but neither there n 
in the Indian Ocean are there strong thermohaline currents. 
along the bottom. Although only two areas under the Antarctic 
circumpolar current have demonstrated extremes of turbidi 
there is a general paucity of data from the region. It may.! 
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F : „more fam siliat oras of gets, leaving as 
the only ; oa dynamic factors i in the nearly closed abyssal 
system the thermohaline currents...’ (ref. 36, p. 371). 
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Fractal growth of copper electrodeposits 
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fe ck dendritic growths of copper were electrodeposited in steady-state diffusion-limited conditions onto an initially poinilik 
hode. Their spatial extent R was PA from n increased current and their mass sM por the total gaara peat 


proportional to R”. The index D is the Hausdorff dimensional- 
AY. of the: staat tees and was found by computer simulation: 
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acer and by the very slow rate of reaction; and.. in 
‘diffusion-limited aggregation’ (DLA) model the cluste 











fractal? in the sense that inside a large cluster the muta 
particles within a radius R of any given particle was on average 













6 8 


Time (min) 


javiour. Thus, at short ae scales there may vee toes! cae 


ites sura tension or EE aon factors, but at longer 


queous “polution in ion limited conditions, onto an 


Fig. 1 Increase of current with 
time, for various potentials and 
electrolyte concentrations. All the — 
solutions contained 1.4.wt% poly- 
ethylene oxide to impede con- — 

vection. 


initially point-like cathode. The deposit w were grown larger thi 
the initial cathode but smaller than any diffusion length in 
system. Because the diffusion-limited current onto suc 
spherical absorber is proportional to its radius (and’ not 
surface area), the instantaneous current gave an effective over 
radius R, for the deposit. With the mass M of the depo: 
determined from the total charge transferred, the relationsh 
between M and R, could then be ered, and the fracta la 
Mc RP verified. 


Experiment 


Solutions of copper sulphate and. sodium alpha w re em 
up using deionized, distilled water. Polyethylene oxide (Cot 
with molecular weight 6 x 10° was added at 1.4 wt%, increa 
the viscosity by a factor of 1,000 to ~1 P. The solutions 


stored away from light and vigorous stirring was avoide 


prevent damage to the polymer. 

In each experiment a sample of the solution was placed i 
a hole of diameter 7 mm drilled in a copper block, whic 
as the anode. Insulated wire of diameter 12.5 or 25 um, t 
freshly cut with a razor blade, acted as the cathode. The copr 
deposit would grow in a dendritic cluster around the cu 
of the wire which s was PEN aA into the solut 
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Fig. 3 The data of Fig. 2 plotted on a scale showing the density 

of solid copper and the radius Ranog of crystallites observed in 

electron micrographs, Note the extrapolation (solid line) corre- 
sponds to a Hausdorff dimensionality of 2.43. 


Figure i shows direct plots of current J against time £ for 
various voltages and electrolyte concentrations. It can be seen 
= that the current grows much faster for higher voltages and higher 

= concentrations of copper sulphate, but is relatively insensitive 
to the sodium sulphate concentration. 

It was noted that changing the instantaneous voltage did not 
change the instantaneous current significantly in our experi- 
ments. Any change would have indicated that the reaction was 
not limited by diffusion of Cu** ions but was dominated by 
some other mechanism. The set voltage thus influenced the 
current—time curves through the morphology of the deposit and 
ot directly through any ohmic or activation limit on the con- 











“Figure 2 shows, with interpretations discussed below, the rate 
of change of current dI/dt plotted as —log I(d/ /at) against 
2 J. Plotted in this way the experiment was reproducible to 
r than 10% except at high currents. Problems at high current 
hence large radii included mechanical motion (for example, 
wire bending under the weight of the deposit), stirring of 
solution, and contact resistances (later improved by applying 
er dag). 













sults and interpretation 
e one an effective radius for the deposits in terms of the 


ion-limited current. Modelling the cathode aoe by a 
opines absorber of radius R,, the current’ 














nae } es © 
the coefficient B ing given by 





“where. K is the di coefficient, q the charge, and C the 
number: density. far from the absorber of the copper ions. This 
Smoluchovski radius’ R, characterizes where the deposition is 










Clearly R, will be of the same order of magnitude as the radius 
of gyration, R,, measured i in computer simulations’. Indeed, 
provided the growths are self-similar fractals as the simulations 
: suggest, within the diffusion-limited regime the ratio R,/ R, will 
be a constant independent of all parameters. 

The number N of copper atoms deposited can be inferred 
the charge transferred Q, 








-using the definition (1) above, 


taking place, and thus how far out the deposit extends in space. . 
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Fig.4 Electron micrograph of a deposit grown for only | min in’ 
the absence of polymer. 0.01 M CuSO,, 0.05 M Na,SO,, 0.6 Ve 
Scale bars: a, 20 um; b, | pm. 


in the N obtained by integration. It is to avoid this that we havi 
instead plotted d//dr in Fig. 2. 
The quantity 





may be interpreted as an effective density of deposition since, 









dN =4nR2dR.p G 
Figures 2 and 3 show the density-radius plot inferred from the 
data shown in Fig. 1. Note the logarithmic straight line p R795 


which implies fractal behaviour, Næ R? with D = 2.43. Writin 
this result in the form | 









p = peal R/ a)? G 


where pc, is the density of solid copper, the length a character- 
izes the onset of fractal behaviour. Extrapolating the data in 
Fig. 3 back to the solid copper density gives an intercept o 


a=l4nm 









ee ae 


dritic 





= 2.495 + 0.06 (10) 


For ah: rün ithe intercept- a was extrapolated using the value 
D- 2.43, and Fig. 5 shows how the reciprocal radius l/a varied 

ith the voltage of the experiment. We have no explanation for 
the apparent law, 


Dox simulation 7 














ee oo (11) 








t oh stole dy was 
Cu?*(aq) +2e7 = Cu(s) (12) 


and that the reaction was limited by diffusion of Cu? 





* ions in 


table.. nd the only r remaining chemical 
is isthe role of f singly re Cu* ions. In experimental 


a N = 7 x 107° (25 °C, 0.01M Cu’*) (13) 


id such a concentration of Cu” is soluble. With the anode 
1g at low current density (of the order of | pAcm™ *), we 
ie th: tthis equilibrium was maintained and therefore that 
urrent due to Cu* ions was negligible. | 

stirring of the solution is prevented, the electric fields will 
sreened and deposition will be limited by diffusion in the 
ghbourhood of the cathode. The calculated Debye-Huckel 
cening length for 0.05 M sodium sulphate is A = | nm. (There 
n fact: a small unscreened voltage of the order of 


Ve kT/e((Cu Jou ~[Cu?*)/[Na,SO,]=5mV (14) 


iri d to maintain neutral charge density as the Cu** ions 
density profile governed by | diffusion kinetics.) 

om the Smithsonian Tables’ indicate an ionic diffusion 
queous Cu’* at 24°C of K =6.17 x107" m° s~’, 
temperature coefficient of 0.0229 K~’. This implies a value 
ft our parameter B (equation (1)) of 


B=0.0121 A m™ (45%) a 


We assume that the polymer had little effect so that the main 
error in the value for B was the use of dilute solution approxima- 
























if usion a miting the scope of a laplace squnden for 
Cu] o 


s s difusion a. En 
nsi es ratio y, = R Rigi is of the order of 


=y Cip 


















Table 1 Fractal dimension of copper electrodeposited from solution: 





= JRI. From: equations (a) the 
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(VV) 
Fig.5 Variation with voltage of intercept radius a. 0.05 M Na,SO,, 


1.4wt% polyethylene oxide. Concentration of copper sulphate — ory 
{redetermined by solution conductivity): +, 0.029 M; ©, 0.01 M. 


at 0.6 V 























[Cus0,] [Na,S0,| Measured 
Run no. (M) (M) dimension 

144 0.01 0.05 2.43 

146 0.01 0.05 2.425 

150 0.01 0.05 2.465 

153 0.01 0.05 2.485 

177 0.02 0.04 2.38 

178 0.02 0.2 2.44 

179 0.02 0.04 2.425 

180 0.02 0.2 2.41 
Mean dimension 2.433 + 0.03 
Computer prediction’ 2.495 + 0.06 







The solutions contained 1.4 wt% polyethylene oxide to increase 
viscosity. 


















experimental conditions. Comparing the resulting flux due to 
convection with that due to diffusion gives a dimension 
parameter 





= R/£,=mgCR*/nK 





where mg is the weight of a copper ion and 7 is the vis 
of the solution. This gives a room temperature value ye 
for twice the radius of the thinnest wire used (R = 25 pm 
polymer is added. Because y, R? this would leave less: 
one decade of radius before convection became importan 

The addition of 1.4 wt% polyethylene oxide raised the 
viscosity by a factor of ~1,000 without. significantly affecting 
the diffusion of small inorganic ions. The range of diffusi 
limited behaviour is thus extendec “in-radius by an order 
magnitude and the damping of mechanical disturbances 2 
improved. 
























Conclusions — 





and that the Hausdorff e oy agrees closely w ; 
simple computer model of diffusion-limited aggregation”” 23: 
is the first EPE mean yer neanoy of the canjecture by we 

















_ surface-active impurities. 

~ In future work there are four aspects of the experiment which 
could be improved or varied: the type of measurement made: 
the electrolyte solution; the geometry; and the physical regime. 

That the surface area of the deposit is proportional to its mass 
could be verified by measuring the capacitance. If the screening 
length in the solution is short and resistances can be rendered 
small or corrected for, the capacitance should be proportional 

to surface area. 

The complications associated with the two possible oxidation 
states of copper might be avoided by, for example, the use of 
silver electrolytes. Convection might be suppressed without 
resort to polymer by the use of aqueous Ni** in the presence 
of excess CsCl: with these species there is the possibility of 
arranging that there be no net density change of the solution 
near the cathode. Other viscosity enhancers might also be tried. 

It might be possible to make measurements in a two- 
dimensional geometry by, for example, using filter paper soaked 
in the electrolyte. In three-dimensional experiments, the use of 
microelectrodes would allow measurements to be made down 
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nclude non-inertness of the polymer, iad the presence of any : 


Iwo protein-binding sites in chromatin | 
mplicated in the activation of heat-shock genes 


Carl Wu 
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Bethesda, Maryland 20205, USA 


he re resistance to exonuclease divesiion of two regions of chromatin at the 5’ end of heat-shock genes in Drosophila 
} lies they have protein bound to them. The pattern of resistance before and after induction of gene expression suggest 
at t heat- shock genes are activated by the sequential binding of at least two protein factors. 








ere could be mechanical 
ovel and more stable gi 
would be to grow fr y inprick’ (perhaps made by a sp 
in the insulation on a plate: it would be useful to perform 
corresponding computer simulation for growth from. a po 
seed into the half space above a plane. i 

In our experiments the deposits grew slowly compared wit 
the diffusion of ions. It should be possible by using highe 
electrolyte concentrations to explore the region where thi 
deposits grow more quickly and behaviour is controlled by. the 
diffusion length''®. An alternative regime leading to fractal 
deposition might be obtained by stirring the solution until th 
reaction becomes limited not by diffusion but by ohmic resis- 
tance. It would then be the equations of electrostatics which 
drive the MS instability at long length scales. 
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experiments. Finally we thank Drs J. Agar, M. Archer, J. Deutsel 
and P. Luckham for valuable advice and discussions. 
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HE continuous array < a puelcosomes along the eukaryotic 










in cellular chromatin encompassing the 
oe heat-shock ee n nuclease 





inducible in Drosophila and other organisms by heat shock or 


IS also tissue > are highly conserved among all five genes’ 
es. The extreme bee toe 


gen : 
? neall considered to indicate a local P, . the 5- end of the hsp70 gene gives an initial hint for a resi 


| enayma, BamHl, EET ona sone a ee eel: blotte 





regions cover the TATA box peauence and an upstream con t ro 
element. 





5’ hypersensitivity of the hsp70 gene 


Hsp70 is the most abundant of the small group of prot ns 











other environmental stress’. There are five copies of the uninter- 
rupted 2.2 kilobase pair (kb) hsp70 coding sequence, located 
at two chromosomal loci, 87A and 87C. The hsp70-coding 


region and about 350 base pairs (bp) of 5’ flanking Sequences 
9~p i 















- Fine~structure analysis of the DNase | hypersensitive $ 










region buried within. Nuclear chromatin from noninduced 
Drosophila cells (Schneider line 2, SL2) is digested gent 
DNase I. After purification, the DNA is cleaved with a restr 
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: {+ 1262) Bam HI 


Fig. 1 DNase I hypersensitivity at the 5' end of the noninduced 
hsp70 gene. A partial restriction map of one of the two hsp70 
: genes at chromosomal locus 87A is shown’’. The start site (+1) 
and. direction of transcription is indicated by the arrow. 

fethods: Nuclei from Drosophila SL2 cells were isolated and 
digested with DNase I at 6, 8 and 4 U mi™`? (a separate reaction) 
: spectively as described previously” (lanes b-d). Purified DNA 
10 pg per lane) was restricted with BamHI, electrophoresed on 
em long, 1.4% agarose Tris-acetate EDTA (TAE) gel, blotted, 
bridized to a **P-labelled, cloned probe fragment (solid bar) 
“and autoradiographed as described previously’. For markers, SL2 
DNA was restricted partially with ‘Sall, BamHI and Xbal respec- 
tively, followed by complete BamHI restriction and processing as 
above (lanes a, e, f). 


us the DNase I break points can be positioned by simple 
gth measurement (the indirect end-labelling method)*'?. 
‘The probe used detects the BamHI fragments and cleaved 
subfragments from all five hsp70 genes, although only the 1.76- 
b BamHI fragment corresponding to one gene is included in 
. 1; the larger BamHI fragments have been cropped away”. 
noted before, the DNase I cleavages in chromatin span a 
: region around the 5’ end of the hsp70 gene, although 
suppression and enhancement is now clearly evident (lanes 
For precise mapping, genomic DNA restricted addi- 
Hy at landmark sites are electrophoresed in adjacent lanes 
(lanes a, f), or are co-electrophoresed with the samples (data 
not shown). Thus the hsp70 sequences hypersensitive to DNase 
Tin chromatin extend from positions +100 to —8 and from —38 
to —215, with a peak at —93. The 30-bp region in between, 
from ~8 to —38, is relatively resistant. These measurements are 
precise to 5-10 bp. The complex digestion pattern could be due 
to different contributions from each of the five hsp70 genes. 
However, it is qualitatively unchanged when the genes at either 
chromosomal locus are removed with specific restriction 
cleavage (data not shown); thus the average pattern is likely to 
represent each hsp70 gene. The site from —8 to —38 that is 
resistant to partial cleavage suggests bound nonhistone protein. 
more conclusive evidence, a new test has been devised which 
1 visualize the resistant fragments positively after limit 
“lease digestion. 


$ ing OF xo > Hl-resistant : sites _ 



















at —108. The different patterns of resistance in the normal and 


average Pann is s likely to represen 
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resistant DNA strand in eich a limit digest. This $ approach was 


used successfully to localize protein-binding sites in recon- 


stituted complexes of DNA with purified E. coli RNA poly- 
merase, A integrase and SV40 T antigen, and to analyse the 
disposition of DNA in native and reconstituted 
nucleosomes '*"*°. Here I combine the use of Exo III with the 
indirect end-labelling method to detect the presence of specific 
barriers against Exo III digestion in chromatin. 

As Fig. 2A shows, an initial cut is made within a hypersensitive 
site by a (partial) endonuclease reaction on isolated nuclei. This 
creates a free end from which Exo III can digest 3’ to 5’ along 
the DNA until a specific block is encountered in the limit. The 
DNA is purified and the single-stranded tails are trimmed with 
S, nuclease. After further cleavage with flanking restriction 
enzymes it is possible to determine the relative start and stop 
positions of Exo III by indirect end-labelling the subfragments 
produced from endo- and exonucleolytic cleavages. 

For the noninduced hsp70 gene, the initial cuts can be made 
by each of four different endonucleases: DNase I, micrococcal 
nuclease, a Ca**~Mg*” stimulated endogenous nuclease, and a 
restriction enzyme Xhol which cleaves at position —194, inside 
the distal boundary of the DNase I hypersensitive site (Fig. 2B). 
Exo II is added in increasing amounts simultaneously except 
for micrococcal nuclease, which is inactivated with EGTA 
without affecting Exo IH added subsequently. The purified and 
$,-trimmed DNA is restricted with BamHI and Xbal, and the 
relative positions of the endo- and exonuclease cleavages are 
located by indirect end-labelling. 

The complex pattern of 5’ hypersensitivity is again observed 
when only the initial cuts are made with no added Exo III (Fig. 
2B, lanes b, j). However, with the introduction of Exo III, the 
fragments upstream of the 30-bp, resistant site coalesce sharply 
to a discrete position on its distal edge, no matter which enzyme 
is used to make the initial cut. The discrete barrier clearly persists — 
even when Exo HI activity is increased roughly 100-fold (lane 
i). When the first cut is made by XhoI at position —194, Exo ` 
II nibbles almost quantitatively from that site to the same 
discrete stop. The distance travelled by Exo III from the XhoI 
site can be determined precisely (to within 5 bp) by measuring - 
the relative difference in fragment lengths between the two- 
subfragments, using DNA markers in adjacent gel lanes, or. 
mixed in together with the samples (see Fig. 3). Thus the block 
in the noninduced hsp70 gene is located at position —40. > 


No Exo IlI resistance on protein-free DNA : 


Two potential artefacts can compromise the technique. T 
discrete block observed could be due to a specific cut made 
5; nuclease on the purified DNA during the trimming step 
to a peculiar DNA sequence which blocks the passage of tl 
enzyme by virtue of primary or secondary DNA structure alon 
In a control experiment using protein-free DNA as substra 
(Fig. 2C), no specific cuts are shown to be made by S, nuclea: 
on free DNA at the position of blockage in chromatin, nor at: 
any other position in the region analysed (lane c). Also, no 
impediments against Exo HI digestion due to the DNA sequence 
alone are observed (lane d). Hence, the resistance to Exo TT 
digestion is due to nucleoprotein structure in chromatin. 


Heat shock 


Does the pattern of Exo III digestion from the Xho Le cut ta 
—194 change during heat shock? Although the efficiency of- 
restriction is somewhat reduced in the induced hsp70 gene, the 
digestion pattern is qualitatively different from the noninduced 
pattern (Fig. 3). Instead of a discrete stop at —40, the enzyme 
stutters from position ~108 to —40, indicating that a compar 
tively weak barrier (or series of barriers) is encountered, starting 































the induced genes are found to be similar at both chromosom 
loci, using additional restriction cleavage which effecti 
removes. the genes at either. locus. (data not shown); th 
ach individual 
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Fig. 2 A, The Exo IH protection technique. A hypersensitive site in chromatin is drawn as a region of DNA with a hypothetical protein bound to it. B, Exo IH 
resistance in chromatin in the noninduced hsp70 gene. A partial restriction map of the hsp70 gene is shown'’, Lane a, No enzyme control. SL2 nuclei were 
mock-incubated in digestion buffer. Lanes b~e, SL2 nuclei were digested with DNase I, 10 U ml”! and Exo II] for 11 min at 30°C. Lanes f~i, 0-18 h embryonic 
nuclei were digested with micrococcal nuclease, 9 U mi~’, 3 min, 25°C. The enzyme was inactivated with EGTA to 0.5 mM, Exo III was introduced and the 
digestion continued at 30 °C for 7 min (lanes f-h) or for 30 min (lane i)*. Lanes j-/, SL2 nuclei were digested with an endogenous nuclease stimulated by digestion 
in buffer plus 1 mM CaCl, at 37°C for 10 min. CaCl, was chelated with EGTA to 1.5 mM, Exo HI was added and digestion continued at 37°C for 15 min. 
Lanes m, n, SL2 nuclei were digested with XhoI at 2,000 U ml”! and Exo II for 16 min, 30°C. C, S, nuclease and Exo II reactions on protein-free DNA. 
Methods: B, Isolation of nuclei: SL2 cells were disrupted at 0-4 °C in a Dounce homogenizer in nuclear buffer (60 mM KCI, 15 mM NaCl, 5 mM MgCh, 0.1 
mM EGTA, 15 mM Tris-HCI pH 7.4, 0.5 mM dithiothreitol (DTT), 0.1 mM phenylmethylsulphonyl! fluoride (PMSF), 0.3 M sucrose). Unbroken cells were 
pelleted at 1,600g for 45s. The supernatant was centrifuged through 1 vol of nuclear buffer-1.7 M sucrose (stirred interface}, at 17,000g (average) for 15 min 
in a swinging bucket rotor. Purified nuclei were resuspended for digestion in nuclear buffer-5% glycerol at 5 x 10° nuclei mI’. Nuclei from Drosophila melanogaster 
embryos (Oregon R, P2 strain) were prepared after dechorionating in 50% Chlorox, 0.02% Triton X-100 for 3 min at room temperature, by disruption in a 
Dounce homogenizer in nuclear buffer at 0-4 °C. The homogenate was filtered through a crude paper filter and the filtrate was centrifuged at 1,600 for 90 s. 
The supernatant was centrifuged at 3,700g (average) for 5 min in a swinging bucket rotor to pellet crude nuclei. The pellet was resuspended in nuclear buffer, 
and further centrifuged through nuclear buffer-1.7 M sucrose as above. Purified embryonic nuclei were resuspended for digestion in nuclear buffer~5% glycerol 
_ at 1x10” nuclei ml”'. Nuclease digestion: Nuclear buffer~$% glycerol was used as the standard buffer for all digestions except those involving micrococcal 
~ nuclease, which included 0.4mM CaCl.. Nuclei were digested with the primary cleavage enzyme plus Exo IH (New England Biolabs or Boehringer Mannheim). 
_ Digestions were terminated as described previously’ and nucleic acids were purified by overnight proteinase K digestion, 50 ug ml’, 37°C, and by repeated 
“organic extractions followed by ethanol precipitation’. S; nuclease trimming: Reactions were performed in 40 mM NaOAc, pH 4.5, 1mM ZnSO, and 250 mM 
NaCl using 4,000 U m7! S, nuclease (Boehringer Mannheim) at 30°C for 15 min. The DNA concentration was typically~ 0.2 mg ml”'. The reaction was 
erminated by the addition of EDTA to 5 mM and Tris-HCI] pH 8.0 to $0mM. Nucleic acids were purified by organic extraction and ethanol precipitation. 
Restriction digests and gel electrophoresis: DNA samples (~ 5 yg per lane) were secondarily restricted to completion using BamHI+ Xbal, together with a trace 
f RNase A and RNase TI. DNA was electrophoresed on a 40 cm long, 1.4% agarose TAE gel at room temperature for ~ 34h. The gel was treated in 0.1 M 
HCI for 15 min before the DNA was denatured, neutralized and blotted, as described previously” except that the blotting solution was 20x SSC, 1 M NH,OA, 
1x SSC is 0.15 M NaCl, 0.015 M Na citrate pH 7.0). The filter was rinsed in 1/2 x blotting solution, dried, baked, prehybridized for 4-8 h at 65 °C and hybridized 
as described previously” without dextran sulphate for 12h at 65°C in a slit chamber to a recombinant plasmid labelled with **P by nick-translation to a specific 
= activity of ~4 10° c.p.m. per ug DNA. The solid bar indicates the region of the hsp70 gene in the plasmid. The filter was washed twice at 65 °C in 2xSSC, 
0.5% SDS and three times in 0.1 x SSC, 0.1% SDS, 65°C; each wash was for 15 min with agitation. The filter was exposed without intensification. C, 20 pg 
purified SL2 DNA was restricted with Xhol in 25 pl of 100 mM NaCl, 6 mM MgCl, 10 mM Tris pH 7.4. After the reaction 25 wl of nuclear buffer was added 
and 5 yl of the mixture was removed for secondary BamHI restriction (lane 6), Lane c, DNA was purified by phenol extraction from 22.5 ul mixture, The phenol 
“was removed by ether extraction, the DNA treated with 2,500 U ml“! S, nuclease as in Fig. 26 legend, purified, and digested with BamHI. Lane d, the last 22.5 | 
yl of mixture were digested with 4,000 U ml”! Exo III at 30°C for 10 min. DNA was purified, S, trimmed, repurified and restricted with BamHI. Samples b-d 
were electrophoresed, blotted and hybridized to hsp70 probe as in B legend, along with a typical Xhol+ Exo IH reaction on chromatin for comparison (lane a). 






















F E ae ae ment, by addition of Exo HI. The endogenous activity nibbles. 
ees Other side of bar rier predominaniiy in a single-stranded manner since Poul restric- 
-The other side of the barrier to Exo HI in the normal and tion of chromatin without subsequent S, nuclease reaction gives. 
induced hsp70 genes is mapped using Pvull to make the initial a fragment which co-migrates with a whole Bglll-Pvull frag- 

2 ment (lane a). As expected from previous work’, the sensitivity 







during induction, but no discrete subfragments due to exonu- 
clease activity emerge from this site. r 

In summary, convergent Exo III digestion from cuts 
flank of the DNase I hypersensitive site reveals strong bl 










of a Pvull site at + 1,034 in the hsp70-coding region is increased _ 
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Fig. 3 Exo II digestion from the Xhol cut at position ~194 in 
normal and induced hsp70 gene chromatin. Isolated nuclei from 
0-18 h old, nonshocked embryos (lanes a-c) and from embryos 
heat-shocked for 15 min at 36°C (lanes d-f}, were digested for 
10 min at 30°C with Xhol at 2,000 Uml"! plus Exo HI as 
indicated. Purified DNA samples were digested with S, nuclease, 
restricted secondarily with BamHI + Xbal, electrophoresed, blot- 
ted and hybridized with the hsp70 gene probe as described in Fig. 
2B legend. The Exo IH stop positions in base pairs upstream from 
the mRNA start (+1) are indicated beside the arrowheads. Lanes 
g and h are the same samples as in b and e spiked with pBR322 
arker fragments, ~60 pg each (pBR322 restricted with 
l Bam/ Poull, Bam/ Pst, EcoRI/ Sall/ Peull/ Psti). 





xo HI resistance on hsp83 gene 

single-copy gene encoding hsp83 resides at chromosomal 
ocus 63BC and consists of a 3.7-kb Pe ay unit containing 
vo exons separated by a 1.1-kb intron**~”’. I have previously 
apped a cluster of three DNase I hypersensitive sites, one of 
hich encompasses the 5’ terminus of the hsp83 gene’. The 
xo II digestion pattern from a EcoRI cut at position —166 is 
hown in Fig. 5A. In noninduced Drosophila embryos, the 
ncipal subfragment among the heterogenous collection pro- 
uced by the endogenous exonuclease and by Exo III locates a 
ier at position —39 (Fig. 5A, lanes b, c). On heat induction, 
barrier shifts sharply to position ~86 (lanes d, e). 

The other side of the barriers are located by using exonuclease 
nibble upstream from a Rsal cut at position +20 (Fig. 5B). 
In noninduced Drosophila embryos, the principal subfragment 
“produced by the endogenous exonuclease locates a weak barrier 
-at position —17 (Fig. 5B, lanes b, c). Addition of Exo II] further 
: oo that subfragment; there is a minor pause at —61 (lanes 
=d, e). In heat-shocked embryos, two sharply discrete subfrag- 
"ments, one chasing into the other, are produced by a 
endogenous exonuclease and by Exo III (Fig. 5B, lanes f, g, h, 
i), locating two barriers at positions ~17 and —50 respectively. 
No resistant sites are found in the controls using free DNA 
: (data not shown). The relatively lower yield of cleaved subfrag- 
_ ments in noninduced samples in Fig. 5i is primarily due to a less 
efficient initial restriction cut. 

An summary, the resistance to convergent exonuclease diges- 
on at ~39 and —17 delimits a relatively weak, 22-bp resistant 
(site 1) for the noninduced hsp83 gene. For the induced 
bl ockage seis at -17 ag the retention of site I. In 








-The resistant sites surrounding the TATA box sequence a 
_ the upstream control element cover 22 bp or 28 bp and 
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Fig. 4 Exo III digestion from the Peull cut at position +65 in 


normal and induced hsp70 gene chromatin. A partial restriction 
map of the first of the two hsp70 genes in tandem at chromosomal 
locus 87C is shown!''. Isolated nuclei from nonshocked SL2 cells 
(lanes b-d) and from cells heat shocked for 15 min at 36°C (lanes 
e-g) were digested for 40 min at 37°C with 600 U ml”! Peull 
plus Exo HI as indicated. DNA was purified, trimmed with S, 
nuclease, repurified, restricted with Bglll, electrophoresed on a 
30 cm 1.2% agarose gel, blotted and hybridized with the cloned 
probe (solid bar) as described in Fig. 2B legend. An arrowhead 
indicates the Exo IH (and endogenous nuclease) stop position. 
Similar results are obtained using normal and heat-shocked 
embryos. Lane a is a Poull digest of nonshocked SL2 nuclei at — 
400 U mi7', 30°C, 20 min; the purified DNA was restricted with _ 
Belli without prior S,-nuclease treatment, and processed as above. 
Lane h contains pBR322 markers as in ref. 5. 















TATA and upstream sequences 


The resistant sites are aligned over the nucleotide sequences” 
upstream of the hsp83 and hsp70 transcriptional starts in Fig 
6A. They lie within the 5’ flanking region involved in t 
regulation of these genes****. Strikingly, for both hsp83 an 
hsp70 genes, site I surrounds the TATA box eae whic 
indispensable for accurate transcriptional starts’. For t 
induced hsp83 gene, site II covers the upstream consens 
sequence CTNGAANNTTCNAG that is required for heat- 
inducible expression in heterologous transient assays" . This 
upstream element is also contained within the more diffuse site 
H in the induced hsp70 gene, although the site does extend an oo 
additional 45 bp upstream. Curiously, site I is strong in the 
hsp70 gene whereas site II is strong in the hsp&83 gene. “a 
Site II does directly cover the consensus sequence in the = 
induced hsp83 gene. Before induction, two Xbal sites at -74. -= 
and —64, essentially coincident with the upstream « element, are ce - 





iach ee Gist showett) i indicates that sites I atid I in the 
hsp83 gene are also resistant to DNase I digestion. _ 
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Fig. 5 A, Exo III digestion from the EcoRI cut at position —166 in normal and induced hsp83 gene chromatin. A partial restriction map 
_ of the hsp83 gene region is shown?® 2°, Isolated nuclei from normal (lanes a-c) and heat-shocked (lanes d, e) 2-8 h-oid embryos were digested 
with EcoRI at 4,200 U ml”! plus Exo III as indicated for 7 min at 30°C. The purified DNA was trimmed with S, nuclease (except in lane 
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a), repurified, restricted with Xhol+ Hindill, electrophoresed on a 40-cm long, 1.4% 50 mM Tris-borate EDTA pH 8.3 (TBE) gel, blotted 
and hybridized with the cloned probe (solid bar) as described in Fig. 2B legend. Arrowheads indicate the stop positions of Exo HI and the 
. endogenous exonuclease. B, Exo III digestion from the Rsal cut at position +20 in normal and induced hsp83 gene chromatin. Isolated nuclei 
_ from normal (lanes a~e) and heat-shocked (lanes f-i) 2-8-h-old embryos were digested with 1,500 U ml”! Rsal plus Exo III as indicated, 
for 15 min at 35°C (lanes a, c, e, g, i)* or with 1,700 U ml”! Rsal plus Exo HI as indicated for 7 min at 30°C (lanes b, d, f, h). The purified 
<o DNA was trimmed with S, nuclease (except in lane a), repurified, restricted with BamHI + Xhol, electrophoresed on a 1.4% 50 mM TBE 
=: gel, blotted and hybridized with the cloned probe (solid bar) as described in Fig. 2B legend. Lanes j, k, Xbal cleavage of hsp 83 chromatin. 
Asolated nuclei from normal (lane j) and heat-shocked (lane k) 2-8-hr-old embryos were digested with 1,400 Uml~! Xbal at 35°C for 

~ ISmin. The purified DNA was restricted with BamHI + Xhol, electrophoresed beside the above samples and processed similarly. 



















digestion in the nucleosome core particle**~°, but is similar in 


‘size to the fragments resistant to digestion when prokaryotic 
activator and repressor proteins are bound to DNA*!. We 
ggest that the resistance is due to at least two nonhistone 
proteins which bind specifically to duplex DNA in the TATA 
box region (TATA-binding protein(s), TAB), and the upstream 
leat-shock control region (heat-shock activator protein(s), 
AP) respectively (Fig. 66). (Since Exo HI is also unable to 
digest single-stranded DNA, the resistance to cleavage could 
conceivably occur by a melting of the sequences, but this is 
improbable because the sites are resistant to DNase I cleavage 
too.) 

© We conjecture that the binding of TAB establishes the tran- 
criptional potential of heat-shock genes in (post-blastoderm) 
embryos. This potential is realized during heat-shock activation 
_by the additional binding of HAP. The fact that site II only 
appears in the active gene argues that HAP is a positive activator 
‘of transcription; a repressor should have had the reverse effect. 
Others have also argued for positive regulation in the sense that 

























after TAB and HAP are bound might transcription be initiated 
by RNA polymerase II. The significance of protein-protein 
contacts in the binding of polymerase Il to eukaryotic promoters 
placement of a nucleosome from the TAT 
mmbined with the perturbation of hig 
















deletions in the upstream element reduce transcription during — 
heat shock rather than cause constitutive expression®?**. Only _ 






tacts between neighbouring nucleosomes in the native chromatin 
fibre, could be sufficient to create nuclease hypersensitivity ove: 
the adjacent sequences, its relative intensity and spread being 
influenced by the local sequence order. Such a displacemen 
could occur during transient reassembly of chromatin during 
DNA replication. | : 
Is the TATA box sequence in all genes which possess it boun: 
to TAB in chromatin? This seems unlikely in view of other wor 
on developmentally regulated genes which suggest a nucleo- 
somal arrangement over promoter sequences in all but the 
expressing tissue. Although no obvious additional homolog 
have been generally found within 10 bp around the TAT: 
box*’, Holmgren et al?’ have pointed out an eight base 
homology (A/G)C(C/A)GGCGC immediately following the 
TATA box in the heat-shock gene family, which, curious! 
enough, is also present at the same locations in the Drosoph 
histone H4 and alcohol dehydrogenase genes (noted in 
but not in other Drosophila genes. All TATA binding fw 
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Site | 


are copied from Holmgren et al”? 


Our simple model does not attempt to account for the more 
btle nuances of heat-shock gene expression, such as the 
developmental control which is superimposed on the hsp83, 
‘hsp28 and hsp26 genes in Drosophila ovarian nurse cells**. We 
ope it will be useful as a framework for comparison with the 
t of the heat-shock gene family and for defining the minimal 
“omponents essential for heat-shock gene expression. Aspects 
of the model are generally applicable to the regulation of other 
sukaryotic genes. 

his work has focused on the localization of barriers against 
vergent Exo III nibbling from cuts on either side of a nuclease 
persensitive site. Divergent cleavage, presumably into adja- 
ent nucleosomal DNA, might reveal the positions of neighbour- 
ng nucleosome core particles. We have not extended our analy- 
is into this area, except in one example averaged over the five 
1eat-shock genes, and this result appears to argue in favour of 
statistical* location of these nucleosomes (Fig. 2B). A more 
jetailed analysis is required to address this question properly. 
The Exo III protection technique could be used for mapping 
ther protein-binding sites in chromatin. Clean results are 
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TEGICEACGGAGCSICAA 


, Resistant nucleotides in the noninduced genes; —— 
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Fig.6 A, Exonuclease resistant sites aligned over nucleotide sequences upstream of the 5’ ends of the hsp83 and hsp70 genes. The sequences . 
| . The initiation site of transcription of both genes ts shown as +1. Boxed sequences indicate homologies 

shared between these and other Drosophila heat-shock genes*’. Capped nucleotides indicate the consensus sequence that is required for heat 
induction**. Underlined nucleotides indicate the two Xbal sites upstream of the hsp83 gene. Lines above and below the sequences are resistant 
nucleotides i in hsp83 and hsp70 gene chromatin respectively. Ute ete 
in the induced genes. Boundaries of the resistant regions are precise to five base pairs. Undeterminable boundaries are indicated by dots 
following the solid lines. B, A model for the heat-shock promoter region in chromatin during normal and induced states. Circles represent 
| nucleosomes; their positions have not been determined. Pol refers to RNA polymerase Il. 


, resistant nucleotides 





obtained especially when a single-cut restriction enzyme is used 
to make the initial cleavage in the hypersensitive region. We 


have found empirically that mild conditions for restriction and 


Exo II cleavage (30°C, 10-15 min) using several thousand 
units per ml of restriction enzyme can result in cleavage of more 
than 50% of the molecules at a particular hypersensitive site, 
of which roughly 50-100%, depending on the site, can be 
digested further by the endogenous exonuclease or Exo III. 
Thus, the resistant sites occur ina significant fraction of the 
overall population. For ultimate precision in site mapping, the 
exonuclease resistant fragments.can be separated on sequencing _ 
gels (without prior S, trimming), and the appropriate strand 
labelled with a single-stranded probe after blotting to nylon 
membranes according to a new protocol*®. C 
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municating unpublished sequences, and J. Lis for the latter. 1. 
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critical review of the manuscript, T. Paisley for technical assist- 
ance and B. Wood for maintaining our Drosophila colony. — 
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The four known binary radio pulsars (Table 1) seem to fall into 
two different categories. Two of them, PSR0655+64 and 
PSR1913 + 16, have short orbital periods (<25 h)'? and high mass 
functions, indicating companion masses >0.8 Mo (respectively, 
about 1 Mo and 1.4 Mo (ref. 2)). The other two, PSRO820 +02 
and PSR1953 + 29, have long orbital periods (= 120 days), nearly 
circular orbits and low almost identical mass functions of ~3x 
10-* Mo, suggesting companion masses of ~ 0.2-0.4 Ms (refs 
3-5). We point out here that these two classes of systems are 
expected to be formed by the later evolution of binaries consisting 
of a neutron star and a normal companion star, in which the 
companion was (considerably) more massive than the neutron star, 
or less massive than the neutron star, respectively. Mass transfer 
from an evolved companion that is more massive than the neutron 
star (more precisely, mass ratio 20.85 (refs 6, 7)) tends to be 
unstable and to lead to runaway mass transfer and spiral-in 
resulting in a very short orbital period, whereas mass transfer 
-from an evolved companion that is less massive than the neutron 
-star is stable and leads to expansion of the orbit’. Furthermore, 
we point out that in the systems with a less massive companion, 
the neutron star most probably was formed by the accretion- 
induced collapse of a white dwarf. Such a model explains in a 
tural way why PSR1953+29 has a millisecond rotation period 





















d why PSR0820+ s not. 

When the companion has a mass several times that of the 
utron star (>3-4 Mo, see below) and the system is relatively 
de (orbital period = a few weeks) so that at the onset of the 
mass transfer the companion has a deep convective envelope, 
_Tunaway mass transfer is unavoidable. This is because (1) mass 
-transfer from the more massive to the less massive star leads to 
_Shrinkage of the Roche lobe of the more massive star, while (2) 
-a convective envelope tends to expand when the star loses mass°. 
‘his will, on a time scale of ~10° yr, lead to the formation of 
in extended convective common envelope in which the neutron 
tar and the evolved core of the companion will spiral towards 
~ — each other as a consequence of the large frictional drag™'?. The 
duration of this s process, in which finally the envelope 
is lost, is expected to be short, ~10°-10° yr (refs 11-13). 

_.. The final result is expected to be a system consisting of the 
neutron star and the evolved core of the companion with an 
orbital period ranging from ~1h to a few days (in analogy to 
_ the case of cataclysmic variables which are products of a similar 
type of spiral-in evolution?) = 

oe 1 ral-in, the two components should 















In order to have deep spi tl 
-differ sufficiently in mass, preferably by more than a factor of 
two, because otherwise soon after the onset of the mass transfer 
the mass ratio will be reversed which would lead to subsequent 
spiral-out. (For systems with mass ratios in the range 0.85-2 the 
outcome of the evolution is more complex and, for the sake of 
argument, will not be considered here.) 

Figure | depicts as an example. 

































A binary initially consisting o Ms star and a neutron 
1an orbital p of = 80 days. The 5Mo star overflows 
e lobe wh has exhausted helium e (that 










| surrounded by He and H-burning shells. During it 


nticipated evolution of — 
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T is ascent o 
the AGB this core mass increases to 1.39 Mo. We assume tha 
the star engulfs its companion when Mor = 1.0 Mo, im: 
a binary period of about 100 days (see Table 2). The system 
after spiral-in will consist of a 1.0 Me CO white dwarf and & 
neutron star with a narrow and a circular orbit, that is, closet: 
resembling the PSR0655 +64 system (see Table 1). The type of. 
binary evolution considered here is the so-called case C >”. (In. 
shorter-period systems—case B—the evolution will be somewhat - 
more complex and may lead to several stages of mass trans- 
fer'*'°; the outcome will, however, in most cases be roughly 
similar'’.) Table 2 lists the maximum and minimum orbitai 
periods for case C evolution for companion masses in the range- 
3-7 Mo, derived from Paczynski’s'* evolutionary tracks. The 
corresponding CO core masses are also listed. z 
Table 2 shows that an evolution similar to the one depicted 
in Fig. | is expected in all wide (case C) neutron star binaries 
in which the mass of the companion is in the range ~5 to” 
~8 Mo, as on the AGB all such stars develop degenerate CO 
cores with a mass in the range 0.95-1.39 Mo (refs 14, 17, 18). 
For companion masses of 3-5 Mo, the same holds if the binary 
periods are >80 days, such that after helium exhaustion the 
core can still grow to 20.90 Mo before the star overflows its 
critical lobe. Companions more massive than ~8-10 Me will 
develop evolved cores too massive to terminate as white 
dwarfs’™!’, Following the spiral-in and subsequent nuclear evol- 
ution such a core is expected to collapse to a neutron star. The 
mass ejection in this second supernova in the system may induce 
a considerable orbital eccentricity or may even disrupt the 
system*””'. PSR1913 +16 is expected to have been formed in 
this way’? (in the case of disruption, two runaway neutron 
stars will be formed, one young and one old). 
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Fig. 1 Anticipated evolution of a relatively wide binary consisting > 

of a 5 Ma star with a neutron star companion. At the onset of the: 
mass transfer the 5 Mo star is a giant with a 1 Me degenerate CO ii 
core and a gradually expanding envelope (1). Rapidly, a common 
convective envelope forms (2) in which the CO-core and the. 
neutron star spiral-in. During this spiral-in the envelope is ejected 
due to frictional heating and a very close system remains (3) 






ler ‘than 10” yt (companion stars of 5-15 Mo need e E 5) x 
, yr to leave the main sequence) such that its surface magnetic 
eld strength may have decayed by several orders of magnitude. 
(The space distribution of radio pulsars with known proper 
‘motions indicates that the dipole strength of the surface magnetic 
field of a neutron star decays on a time scale of (2-5) x 10° yr 
(refs 23-25).} With a canonical magnetic dipole strength at birth 
of ~10'*"'? G (refs 23-25), the dipole strength at the onset of 
Spiral-in may thus be ~10'°"'' G, as observed in PSR0655 +64 
and PSR1I913+16 (see Table 1). During the spiral-in the 
accretion onto the neutron star will take place near the Edding- 
ton-limited rate Mega, implying that its rotation will be spun-up 
_ toaminimum period that depends practically only on the surface 
dipole strength B, (in units of 10° G) as? 767 


M “S/T M. 3/7 
P= (2.7 ms) BS” Rr} {Mess} 
See ES: TAM M i 


ere R, is the neutron star radius in units of 10° cm and M is 
rass. After the loss of the common envelope these neutron 
will become observable as radio pulsars with a relatively 
yw surface dipole magnetic field strength?'?**. For the obser- 
ed B, values of PSR0655 +64 and PSR1913 + 16 (Table 1), and 
Re=1, M=14Mo, equation (1) yields P=0.17 and 0.04s, 
respectively, in reasonable agreement with their observed pulse 
‘ periods (allowing for some spin-down since their formation). 

The absence of radio pulses from the second (younger) 

ütron star in the PSR1913 +16 system may be due either to 
gaming effects, or to the relatively short spin-down time scale 
fa newborn strong-magnetic field neutron star (if the second 
pernova in the system took place a few million years ago, the 
/ neutron star may already have reached the turn-off period 
f a few seconds whereas the ‘recycled’ old one, due to its 
veaker surface dipole field, will remain observable as a pulsar 
or a much longer time’) 22.27, 78) The best known progenitor 
andidates for the above described type of evolution seem to 
e. the B-emission X-ray binaries, which have orbital periods 
nging from 15 days to several years?” 3° and companion masses 
anging from ~7 Mo (spectral type B3Ve) to ~20 Me (spectral 
ype O9Ve). The companion of PSR0655 +64 should have had 
-a mass below the limit for exploding as a supernova, <8-10 Mo 
{in case C; in case B: < 10-12 Mo) whereas that of PSR1913 +16 
ad a mass above this limit (see ref. 21 for details). 
- We now turn to the alternative case in which the system started 
t with a companion star less massive than the neutron star. 
Jhen in this system (mass ratio <0. 85) the companion begins 
verflow its Roche lobe, the ensuing mass transfer will be 
stabilizing as it leads to expansion of the orbit. Webbink et 
and Taam?” have shown that in this way, Starting with 
‘companions with M = 1.2 Ma and orbital periods upwards from 
about | day, one obtains a long- lasting (~10 = yr) stage of 
relatively high mass transfer (M > 10°% Mo yr`'). 

During this phase the companion ascends the giant Branch 
and has a degenerate helium core with a mass in the range 
70.2-0.45 Mo, and generates energy by burning hydrogen in a 
shell around this core. The mass transfer, and the associated 
expansion of the orbit, are driven by the gradual growth of the 
core mass. The duration of the mass transfer phase depends 
‘mainly on the initial mass of the companion and the initial 
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orbital period. ‘In the end, only the TER helium core of 


the companion is left behind, as a helium white dwarf, and the 
final orbit will always be wide, as the mass and orbital angular 
momentum of the system are, in first approximation, expected 
to be conserved, 

Savonije™, Paczynski** and Joss and Rappaport? have, 
independently, pointed out that the final systems resulting from 
this evolution show a striking resemblance to that of the 6-ms 
binary radio pulsar PSR1953 +29, as (1) the final companion 
mass will be low (~0.3 Mo) and (2) the orbit will be (almost) 
circular as a consequence of the long-lasting preceding mass 
transfer stage. (When the companion is a red giant which is 
filling its Roche lobe, tidal dissipation in its convective envelope 
will be very efficient 36, ” ) Rappaport and Joss** showed that for 
an initial mass of the companion of | Mo, the most likely initial 
orbital period of PSR1953 +29 was around 10 days and that of 
PSRO820 +02 about I yr. The duration of the mass-transfer 
phase in these systems was (3.5~7.7)x10’ yr and 4x 10° yr, 
respectively (similar results are obtained for a companion mass 
of 1.2 Mo, as can be easily verified). 

The above outlined evolutionary model for these wide systems 
thus seems to explain their observed orbital characteristics, 
including their mass functions; but this model at the same time 
implies that the systems must be very old (at least several times 
10’ yr) as the companion stars should have started out with 
masses <1.2 Ms and had already completed their main- 
sequence evolution before the onset of the mass transfer. Because 
surface dipole components of magnetic fields of neutron stars 
seem to decay on a time scale <10’ yr one would, therefore, not 
expect any detectable surface dipole fields to be left in them. 

However, PSR0820 +02 and PSR1953 +29 still have a surface 
dipole magnetic field strength of 3 x 10'' G and > 10° G, respec- 
tively (Table 1). The same problem exists in the GX 1 +4 system 
which is an 120s X- “ray pulsar, and must be a very wide system 
as the companion star is an M6Ille red giant”. Such a system _ 
seems an excellent progenitor candidate for a system like — 
PSR0820 +02 (ref. 39). From its spin- up rate in combination. 
with its X-ray luminosity of ~10** erg s™' (ref. 38) one derives’ 
a lower limit to its magnetic field strength of ~3 x 10'' G (ref. 
26), which is similar to that of PSR0820 +02. Because an M6lIIle . 
giant cannot be more massive than ~3 Mes (ref. 14), the age of | 
this system is at least =2 x 10° yr (the main-sequence lifetime of- 
a3 Ma star). Moreover, the position close to the galactic centre- 
and at high z suggests an old-disk population old age of (5-10) x 
10°° yr. 

The only consistent way in which one may explain why the- 
neutron stars in these old (wide) systems still can have such 
fairly strong surface magnetic fields seems to be if they were 
formed only recently——-during the mass-transfer stage itself, b 
the accretion-induced collapse of a (relatively massive) whit 
dwarf. (It seems reasonable to assume that, regardless of the | 
formation mechanism, all neutron: stars are formed with a ~- 


canonical surface dipole magnetic field strength of TE oe 
5) Because 0 
in the case of PSR1953 +29 the mass transfer stage lasted (3.5— 


due to dynamo action during the collapse process” 


7.7) x10’ yr and for PSRO820 +02 it lasted only ~4 x 10° yr, the 
time elapsed since the collapse in these systems may be relatively 
short: a few times 10’ yr in the case of PSR1953 +29 and <10" yr 


in the case of PSRO820 +02, respectively. Hence, one would not © ee 


expect their surface magnetic fields to have decayed by more 





able i Orbital and pulse properties of the four binary radio pulsars together with estimates of their surface magnetic field strengths and the A i 
masses of their companions ; 


HASAN ACA ay 


Most likely 


peered berets eared fs a 


companion mass Poate B, 
(Mo) (s) <- {6) Ref. 
1.40 +0.05 0.059 2x0? d 
1.00 +0.30 0.196 8.6 x 10'° 2 
0.2-0.4 0.865 3.3 x10" 4 
0.2 - 0.4 ~2x 10" 4 





























































































able 2 Minium arid | maximum orbital periods for neutron 


exhausted helium in its core (case C evolution) 





Meore (He 
Companion Phin exhaustion) | ee Meore (Max) 
mass (day) (Me) . (yr) (Ma) 
IMs 32 0.51 5.5 (19) 1.39 
SMe 76 0.95 4.5 (13) 1.39 
IMs 173 1.02 3.6 (10) 1.39 
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A neutron star mass of 1.40 Mo was assumed and the corresponding 
masses Moore of the degenerate CO-core of the companion are indicated 
(Paczynski’s'* evolutionary tracks were used). The first value of Prax 
corresponds to the moment at which the orbital separation equals the 
radius of the companion; the value within parentheses corresponds to 
the moment at which the companion fills its Roche lobe. 


than a factor of 10° and 10', respectively. That PSRO820 +02 
indeed still has the strongest magnetic field of the two is therefore 
in excellent agreement with the prediction of this accretion- 
induced collapse model. 

In addition, the conditions for achieving accretion-induced 
collapse are expected to be favourable just in systems with a 
low-mass (< 1.2 Mo) giant component for the following reasons. 
To reach collapse the white dwarf (consisting of CO or O-Ne- 
Mg) should be able to grow substantially by accretion—as the 
a priori probability that it was born with a mass close to the 
Chandrasekhar limit will be very low. Just at the accretion rates 
produced : by low-mass giant companions (in the range 
10°° Mayr to2x107 Me yr |) a considerable growth of the 
white dwarf is indeed possible as the accreted hydrogen burns 
in shell flashes that are too weak to cause mass ejection. At 

.. lower accretion rates, <10°" Mo yr`', hydrogen burns with very 
<- strong nova-like flashes in which part (and possibly all) of the 
accreted. matter is ejected such that a substantial growth of the 
white. dwarf is unlikely. In addition, at the age of these systems 
< (> 10? yr) the oxygen in a carbon-oxygen white dwarf may have 
separated from the carbon and have settled in the core”, creating 
a situation tavourable for the occurrence. 2 of accretion-induced 





















ecause, at any time e during the accretion gk the envelope 
ass ofthe white dwarf is small (more than a few hundredths 
of a solar mass of hydrogen would not fit inside its Roche lobe) 
ud because the mass loss of the white dwarf during the collapse 
‘need not exceed the equivalent of the binding energy of the 
~ neutron star (~ 0.1 Mo), the orbital eccentricity induced by the 
z: mass loss in the collapse need not exceed 0.05 (ref. 20) and the 
ie orbit may be subsequently circularized by the continued mass 
ansfer from the companion and by tidal forces*?. 
The above described model is entirely consistent with the very 











~~ PSR1953+29 system the collapse can have occurred several 
times 10’ yr before the end of the mass-transfer phase. Con- 
c- sequently, the surface dipole field had time to decay to =2 x 
= 10°G and according to equation (1), spin-up to ~5 ms was 
_ possible. On the other hand, in view of the much shorter mass- 
transfer time scale in the PSR0820 +02 system, such a field decay 
_ and spin-up to a short period were not possible here. 

= Thus we conclude, on the basis of the above arguments, that 
_ the existence of the two binary radio pulsars with wide circular 
orbits and low-mass functions, provides the first very strong 


population by the accretion-induced collapse of a white dwarf 
in-a relatively wide binary (Whelan—Iben model*). 
o We thank H. Henrichs, G. J. Savonije, J. van Paradijs, V. 
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p binaries i in which the companion overflows its critical lobe after it has 


short. (6ms) pulse period of PSR1953+29, because in the 


mission. Post-flight analysis yielded four hypervelocity imp ac 


evidence that neutron stars can be formed in an old stellar 
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The capture cell technique is a new approach to the tuts of 
extraterrestrial material: although complementary to stratos- 
pheric collection techniques’, it avoids selection effects intro- 
duced by the deceleration of dust in the Earth’s atmosphere : 
The method, to be used extensively in cosmic dust retrieval | 
experiments on the forthcoming NASA Long Duration | 
Exposure Facility, now yields results from its first application 
in the microabrasion foil experiment (MFE) which was flown- 
as part of the scientific payload on the STS-3 Space Shuttle : 





perforation events during 8 days of exposure to spi 
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_ Fig. 1 Scanning electron micrograph of the impact side of the 
largest aluminium foil perforation (23 pm diameter). Evidence of 
target melting, raised crater lips and circular symmetry, and 
== especially close correspondence with the exit side (see Fig. 2a) 
oo indicates that it was caused by a particle considerably smaller than 
23 wm; at an assumed velocity of 15 kms’, a particle diameter 
of 10 um is required based on simulation and experiment. Scale 
bar, 10 pm. 


(5.1, 6.5 and 7.5 um in diameter, respectively). The experiment 
omprises a double layer foil structure*; the top layer of 5-um 
aluminium foil is held ~1 mm above a Kapton sheet by a 
gold-coated brass spacer grid in a l- -m7 rectangular array with 
an effective detection area of 0.4 m”. An actual exposure time 
to space, computed from the shuttle manoeuvring records pro- 
vides an area-time product of 1.52 10° m? $ (corrected for 
Earth shielding). Penetration experiments? on identical 
aluminium foils with iron microparticles show that dust particles 
with masses >107'*g will marginally penetrate the 5-ym 
aluminium foil. Particles of lower density would have a larger 
ass threshold, scaled, for example®, according to a dependence 
on (projectile density)? *. For marginal perforations, expansion 
velocities behind the foil are reduced to some small fraction of 
the initial impact speed, but for those -Typical of the larger 
perforation, the particle totally vaporizes” and expands into the 
capture cell with little reduction of velocity. Impact debris and 
vapour strike the Kapton sheet over an area much greater than 
the area of the first perforation. Both particulate matter and 
apour from the impact will adhere to the Kapton, but lighter 
volatiles may condense on both inner surfaces of the capture cell. 
Impact perforations in the returned foils were located in the 
laboratory by a visual inspection system on a light table: pre- 
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flight records of defects in the foils were compared with identical 
post-flight inspection and locations of candidates for possible 
hypervelocity perforations then fully examined in a scanning 
electron microscope. Tears and defect-associated perforations 
were rejected. A sensitivity of 3pm diameter perforation is 
superior to the lower limit of perforation from hypervelocity 
impact’, thus affording confidence that only four perforations 
were accumulated. 

Figure 1 shows the ‘entrance’ side of the largest perforation 
and Fig. 2 the rear (exit) side of all four microparticle perfor- 
ations. The exit sides show most striking morphological charac- 
teristics and also differences between the four events. The 
entrance morphology of all perforations is very similar, having 
circular lips extending away from the foil surface as seen in 
laboratory simulations’. 

The first and largest perforation detected (Figs 1, 2a) 
possesses very distinctive hypervelocity impact features, as 
would be expected from a comparatively large cosmic dust 
particle. Lips around the hole on both the front and rear foil 
surfaces are almost identical and demonstrate clear evidence of 
expansion after the passage of the particle, a feature shown in 
computer simulations’ of impact at 68 kms” '. Radial symmetry 
is observed and absence of deformation away from the crater 
lips gives evidence of a particle considerably smaller than 23 ym 
diameter. On the rear side of the aluminium foil, near the crater, 
an area of debris is seen, approximately circular with a diameter 
of 100 pm and centred on the perforation. It consists of sub- 
micrometre globular particles and micrometre-sized irregular 
iron-rich particles and may arise from the condensation of 
impact vapour. It could also contain ‘splash-back’ from the 
Kapton as well as condensed foil material. With this perforation, 
an extensive impact debris zone was found on the underlying 
Kapton sheet (Fig. 3), of diameter 200 pm but penetrating only 
to a depth of iupm—a marked demonstration of a meteor bum- 
per dissipating the energy of an incident particle and of a high 
impact velocity. This was offset by some 500 um from the top — 
crater; from the concentric distribution relative to the perfor- 
ation rather than the debris, we conclude that it is possible for 
a fraction of the expanding projectile and target to condense | 
on the rear side of the first foil, but certainly most material — 
impacts the Kapton first. T 

Returning briefly to the morphology of the three marginal - 
perforations (Fig. 2b, d), distinctive petalling of the perforation -> 
lips and often a separation into layers is observed. This is not =» 
seen in laboratory simulations (performed with a 2-MV van der —. 
Graaff dust accelerator) at this scale. The origin of the feature — 
seen in Fig. 2c, thought perhaps to be an exploded liner ofa- 
compressed micrometeoroid, is also unknown, but from energy- 
dispersive X-ray spectroscopy (EDS) analyses no material other 


Fig.2 Exit side of the four perforations show- 
ing: a, the largest perforation (23 pm): b-d, 
three near-marginal perforations of diameter 
5.1, 6.5 and 7.5um, respectively, Although 
strikingly different in morphology and unmat- 
ched in microscale impact studies, bed retain 
evidence of a melted surface of the primary 
crater ‘liner’ which is peeled open at the ter- 
minal stage of perforation. c could show 
evidence of particle retention comprising a liner 
of some 1 ym thickness. Scale bars, 5 pm. 








Fig. 3 Second surface debris from the largest crater collected on 

the Kapton substrate. Damage extends to an area of 200 um in 

diameter, but is restricted to Im in depth. Trails of droplets 

(identified as aluminium from the target) are seen forming both 

radial streamers and in a hollow conical distribution near the edges 
of the debris. Scale bar, 50 um. 


than aluminium has been detected; it may represent a mixed 
projectile and target with sufficiently different thermal proper- 
ties to differentiate on cooling. Initial EDS examinations have, 
however, revealed silicon surrounding these structures. Full 
results of these analyses is continuing and will be reported 
elsewhere, as will a more detailed morphological discussion of 
the mechanics of penetration. Examining briefly the flux rate 
measured during the mission, however, we find the data offers 
significant insight into what could be a different understanding 
of some near-Earth microparticle flux data. 

Figure 4 transposes the penetration data to a mass scale based 
on penetration experiments” and significant data from deep 
space and lunar measurements at 1 AU heliocentric distance. 
Two factors concerning exposure geometries must be clarified 

_ before the fluxes may be validly compared, namely sensor angles 
; sand flux. _isotropies. The MFE. experiment offers unshielded 
2a sr geometry and may be compared with data such as those 
_ of the lunar surface without geometric corrections. This con- 
< figuration has generally been referred to as an area~—time product 
in m’s 27 sr, and yet considering an element of solid angle dQ. 
ofa sensor A m’ exposed at an angle 6 of a unit sphere, we 
te that the product ‘of the effective area (Ags) and solid angle 
dQ) is AdQ = A co 8 2m sin 6 dé. Hence the total area-time 
roduct is a 
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We should thus relate an unshielded flat sensor to a true 
_-exposure solid angle of a sr. We therefore now scale the direc- 
tional measurements from sensors of solid angle Q, by the ratio 
a/p and note that the lunar data need not be changed numeri- 


-space interplanetary data were previously incorrectly scaled? by 

‘the ratio 27/0. Such corrections have the effect of reducing 
measurements of | erplanetary flux by a factor of 2 (Fig. 
4). For anisotropic fh 'e note that at masses of ~107'! g 
: or- greater, the data shor strong predominance towards an 
_ Earth apex flux from the forward orbital motion of the near- 
circular orbit of the Earth into slower particles near their 
. aphelion’. To such | a. flux, a aotanne sensor of area A offers an 

effective area of- 


— 2 A coso dô =- 


T JG 











es over - angles Ea 2 radians to thea apex direction and 0 for tr/2 
to: + v radians (shielded), yielding an average of A/mm’. Hence, 
a to estimate the average flux intercepted by sensor rotating in 
-an apex dominant ‘stream’ we mt 
| apex flux values by 17; “Gravita 





al nhancement?®’ 





| cally, but do refer to a sr exposure. The Pioneer 8 and 9 deep 


-multiply such measured — 
el in com- — 
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Fig. 4 Relevant flux measurements in the vicinity of 1 AU 
heliocentric distance? corrected for Earth shadowing and reduced 
to a flat surface exposure geometry. The MFE yields a flux of 
¢=2.6x10" m 7s! (flat surface sensor of rsr effective 
exposure angle corrected for Earth shielding) for a perforation 
thickness of 5 ym aluminium, or m = 1.8 107'? g particle mass; 
it differs significantly from previous models and supports a more 
pronounced flattening of the size distribution at masses 107! g, 
If the lunar data and the near-Earth Prospero measurements are | 
reliable indicators of the incident flux in Earth orbit, the trend | 
would (shown above on a cumulative plot) support the existence ~ 
of a bimodal particle distribution’?; the significance of secondary 
cratering in lunar data at low masses must be addressed. _ 


density of 3 gcm™° and a velocity of 20 km s™°, which results 


in a l-pm crater pit diameter being equivalent to 2.33 um of 
aluminium. The MFE data in Fig. 4 are plotted at a measured 
cumulative penetration flux for f= 5 ym foil thickness for tt 
four perforations; also estimated is the foil thickness which 
particle forming the largest perforation would have perforate 
namely t = 48 ym. This perforation is estimated by impact dat 
to have been caused by a particle of diameter 10 um at an 
assumed velocity of 15 km s™*. A recent near-Earth flux mode 
which interpolated through the region of sparse penetration 
data, is now seen to have been overestimated at masses in t} 
region of 107'* g, probably by one magnitude and at least by a 
factor of five. Despite the small number of hypervelocity events 
recorded by MFE, we stress that penetration is a highly reliable 
sensing technique. An exaggeration of the flux value may occur _ 
if, for example, foil defects are falsely attributed to extraterres- 
trial impacts, but the crater morphology precludes this possibil- 
ity; scanning by two observers has established the efficacy of | 
the MFE detection with regard to the possibility of missing | 
perforations. Even the statistical uncertainties of the flux. 
measure based on four events, yielding an accuracy of +50%,. 
are insufficient to avoid clear indications that a lower near-Earth : 
penetration environment should be considered. SS 
In a wider context, the less sensitive Explorer and P gasus 
data compare well with lunar data’, showing a ne 
enhancement of the flux by less than an order of n 
At small masses, however, the interpretation of the: 
in conjunction with data from Heos IF? presents some: 


„as the in situ measured flux is-clearly lower than the lùr yar 


of Morrison and Zinner”. Le rel and Lamy’ it i 


















































icrocra’ ! e 12054 to remove 
contributio n se ary craters, resulting in a flatter 
e for the distribution in the region of 10`}? g. In a similar 
ner, an attempt has been made’* to deconvolve the lunar 
-at lower masses leading to a reduction in the observed flux 
factor of 2 at a mass of 107'* g and an order of magnitude 
re need for such possible corrections to the microparticle 
lux derived from observed lunar microcrater distributions at 
masses <107!? g is now firmly supported by the MFE data. The 
experiment also exposes difficulty in understanding how the 
Prospero flux at mass 2x 107'* g is 2.5 magnitudes higher than 
the MFE data at mass 107'* g. A logarithmic cumulative mass 
‘slope of ~1.5 is called for which is higher than any measured 
interplanetary or lunar microparticle flux data distributions. 
Although changing particle density could affect the comparison 
of penetration and such impact plasma experiments, the agree- 
‘ment between MFE and the Heos II plasma derived data argues 
gainst this, as does evidence from lunar microcraters where 
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Recent investigations of meteorite matrices using analytical elec- 
tron microscopy and high-resolution transmission electron micros- 
py (HRTEM) have provided data on the structure and chemistry 
poorly characterized phases (PCP)'. We suggest here that 
| APCP, a dominant matrix variety, has a structure equivalent 
m-rich tochilinite [6Fey oS 5(Fe, Mg) (OH),] which consists 
herently interstratified mackinawite and brucite sheets. In 
dition, we propose that ~17 A PCP, previousll described as an 


SBB-type mixed-layer structure’, is a commensurate intergrowth 
_ of serpentine and tochilinite layers. A wide range of cation substitu- 
tions is possible within both tochilinite and serpentine-tochilinite 
_ Structural types. We suggest that various forms of PCP observed 
_ in carbonaceous chondrites** are intergrowths of tochilinite, ser- 

_ pentine, serpentine-tochilinite and/or valleriite-type minerals“. 
__ Early HRTEM studies of the Murchison C2M meteorite’? 
revealed that the fine-grained matrix (<1,000 A) has a complex 
‘Mineralogy containing unusual mixed-layer structures, includ- 
_ing an ordered variety termed an SBB-type structure (The term 
_SBB-type structure indicates an ordered arrangement of serpen- 
-tine-type and brucite-type layers as originally suggested by 
ackinnon and Buseck’. Tomeoka and Buseck? denote this 
jase “7-5-5’; the numbers refer to the lattice fringe spacings in 


TEM image.) Subsequent work confirmed the presence of 
-type phases in the Murray, Nogoya and Yamato-74662 
tes™™! | and indicated that Fe may be abundant in this 





also present. 





Mackinnon”? suggested 











































ase, Fine-seale chemical analyses (<500 A) showed _ 


osilicates. Sub- using electron energy loss spectroscopy analysis. Thi: 


nd Buseck”"” is not as precise as conventional electron microprobe. 


etal.’ suggest a chemical formula of Fe, ,SO, , for~10A d 
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extremes of particle density or shape factor are shown to be 
atypical’®, 

Impact craters recovered from Skylab windows!’ which 
showed evidence of aluminium microspheres in Earth orbit 
probably derived from upper-stage rocket firings, shows (Fig. 
4) a flux distribution of anomalous slope and magnitude. The 
MFE data argue against this population being dominant at 
micrometre dimensions at least at the time of the STS-3 flight. 
The attribution of the four impacts to natural interplanetary 
sources, which is supported by chemical analyses, already yields 
a lower flux than previous data; we must conclude that at these 
dimensions the capture cell technique is likely to return a pre- 
dominance of extraterrestrial material. 
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have shown that Mighei matrix PCP includes (1) coherent inter- 
growths of S-type (~7 A) and B-type (~5 A) layers as an SBB- 
type structure, (2) disordered ~5 A and ~7 A layers and (3) an 
ordered ~5A phase. Recent lattice image studies of C2M 
matrices'*'* have emphasized an ordered ~5 A phase in their 
analyses of PCP, although there is some ambiguity in the ter- 
minology used. 

A compilation of data (colour, optical anisotropy, reflectivity, 
hardness and morphology) for typical PCPs from C2M 
meteorites®™!* and for terrestrial tochilinite'® shows that in all _ 
cases, properties of fibrous PCP match the bulk properties of 
fibrous tochilinite. A similar case can be made for the many > 
varieties of PCP and tochilinite. Electron microprobe analyses” = 
have shown that PCP morphologies are correlated with composi- 
tion: a massive, sulphur-rich Fe, Ni phase; a granular to formless 
Mg, Si-rich Fe sulphide and a fibrous Fe, Ni phase with intere = 
mediate amounts of Si, S and C. Tochilinite is usually fine- 
grained in terrestrial occurrences and is difficult to analyse 
accurately; representative microprobe analyses from two” 
localities are given in Table 1. For comparison, columns 3 and 
4 of Table | also show microprobe analyses for typical PCP 
phases in C2M chondrites. In general, major element chemistry 
for tochilinite agrees well with analyses of PCP from C2M 
meteorite matrices, 7 

In their study of the ~10 A PCP phase, Barber et ai.' present 
a set of interplanar spacings from a (presumed) ordered single 
crystal. These spacings, obtained from conventional electron 
diffraction and optical transforms of structure images, are not 
as precise as X-ray powder diffraction data. Nevertheless, a 
compilation of interplanar spacings for tochilinite’® and the 
~10 A PCP described by Barber et al.' show remarkable agree- 
ment (Table 2). One exception in this compilation is the 7.7 A 
(and perhaps 2.9 A) spacing(s), which may be due to a small n 
amount of serpentine-type mineral interstratified with the “is 
ordered ~10 A PCP phase. For comparison, Table 2 also gives 
interplanar spacings for lizardite'’ and valleriite'*. X-ray pat 
terns from a fibrous variety of PCP in Murchison also give a 
sharp line at 5.4 Å and a we iker line at 2.72 A (ref. 4). Barbe 















ible 1 Reported microprobe analyses of eeina tochilinites and 
: meteoritic PCPs 


Tochilinite'® 


Meteoritic” 
Wt% par 2 3 4 
Fe 44.92 35.27 49.03 41.97 
Mg 10.94 13.24 0.42 0.34 
Al — 4.27 0.28 0.05 
OS 21.73 24,33 17.00 20.40 
Cr — o m 2.26 m 
Ni — pam 7.70 5.8 
C = ae 2.2 24 
Other on — 1.33 < 045 
Total 77. l l- . 71.22 71.41 


77.59 PER 





‘Other’ includes minor amounts of Ca, K, P and Si. Columns 3 and 
4 are PCP type | an > from a CM clast in the Jodzie meteorite, 
respectively®. An m ref. 5 are converted to wt% elements to 
facilitate’ comparison vith tochilinite values. All columns do not add 
up. to 100% due to the presence of structural water which has not been 
analysed. For. example, in column I, a calculated (OH) content of 
20.99 wt% yields a total conde of 98.58% 6 








but within the relative error of the technique (~16%) and 
expected chemical variations (see below), there is agreement 
with the accepted tochilinite formula. Indeed, based on this 
analysis, Barber et al.' suggest that ~10A PCP may be the 
fibrous mineral described by Jambor’® , subsequently identified 
as tochilinite’. | 
Selected area electron diffraction studies? show the complexity 
of valleriite- and tochilinite-like minerals, which consist of alter- 
nating sulphide and brucite sheets. Figure 1a shows an idealized 
model of the tochilinite structure along the c axis. In this 
structure, brucite-type sheets alternate with mackinawite-type 
> Sulphide sheets to form a C-centred unit cell with dimensions 
a =537A, b=15.60 A, c=10.72A and 8 =95° (ref. 2). The 
a mackinawite sheet consists of FeS, tetrahedra in a unique edge- 
= shared arrangement. The relative rotation of neighbouring 
_brucites sheets is 22°, while each brucite sheet is also rotated 
relative to the origin of the mackinawite sheet’. 
‘Individual sheets within the tochilinite structure can be con- 
dered as being structural units bound together primarily by 
hydrogen bonds. Consequently, cation substitutions common to 
‘ucite and mackinawite can be expected for the compositional 
range of tochilinite. Chemical formulae on the right-hand side 
of Fig. 1a show the major cation substitutions expected within 
each sheet of the tochilinite structure. The mackinawite sheet 
" ocan accommodate a high concentration of vacancies as well as 
_ Substitutions of other cations'’. Analyses of Kamaishi mine 
samples” show that the tochilinite structure allows significant 
2 sue aon within pawicuel mackinawite een However, 































 edge-shared C a akida 
oeo from Kamaishi i 
_ minor amounts o 
sheet”. Indeed, 1 
structure is a we 
<- from 6 to 72 mol? 


a. of other lochini 
cate that considerable amounts of Fe and 
‘land Ca may substitute into the brucite 
replacement of Fe for Mg in the brucite 
locumented phenomenon and may range 
(OH), (ref. 21 and refs therein); the latter 
is known as amaki e”*. Within tochilinite, vacancies in the 
- sulphide sheet p duce a net negative charge, but this can be 
_ balanced by the presence of trivalent Fe in the brucite sheet”'”. 
i inor amounts of Ni within the sulphide sheet may 
allow unusual charge balance distributions which may depend 
„onthe environment of formation. On the basis of carbonaceous 
‘chondrite chemical analyses*’, we suggest that meteoritic 
~tochilinite will tend to form. iron-rich chilinite structures with 
alternating mackinawite anda ree! 

IRTEM. observations 




























































Meteoritic PCP* Tochilinite + Valleriitet 


(ref. 1) (ref. 16) (ref. 18) 
10.8 10.84 11.4 ee 
7 TA 
5.4 5.41 5.71 Eas 
4.13 4.6 
3.6 3.61 3.80 3.9 
3.5 3.46 3.27 3.67 
3.15 3.23 é 
2.9 2.96 3.07 2.875. 
24 2.625 2.846 2.663 
2.562 2.604 2.505 
2.4 2.336 2.346 2.410 
2.307 2.307 
2.25 2.227 2.259 2.156 
2.1 2.103 
2.072 2.041 
2.051 1.885 1.945 
1.861 1.860 1.835 
1.814 1.780 1.799 
1.751 1.743. 
1.629 


1.65 1.616 





* Electron diffraction data. 
+ X-ray diffraction data. 


sizes. Within individual sheets, cation substitution will lichen, 
the degree of misfit, and thus the radius of sheet curvature wi 
also vary. The greatest degree of misfit is along the a axis « 
tochilinite’. Therefore, varieties of tochilinite curved about th 
a axis will be most common. In addition, the presence of edge 
dislocations in a plane parallel to the a axis of brucite provides. 
a mechanism for the lattice to curve about a (ref. 23). Thu: 
buckling of the tochilinite structure normal to c, but not para 
to a, will produce a corrugated structure similar to antigorite” 
However, unlike antigorite, the mechanism of misfit need no 
be periodic within the brucite sheet of tochilinite. Thus, corruga 
tions within tochilinite should be limited. Buckling of tochilin 
in concert with cation substitution, may produce a tl 
dimensional incommensurate structure with layers loosely hel 










O D pi 


5 (Fe, Mg) (OH)o 























10.8A 6 (Fe, Ni, Cu) $ 
EA A DS epee P 
5 (Fe, Mg) (OH)2 
a 
S(Fe,Mg)(OH)p 0 
o 6 (Fe, Ni, Cu) $ 
10.8 A 
5 (Fe, Mg) (OH)2 KE 
7.3 À 








1.67 (Fe, Mg)3 (Si20 5 


























































eteoritic tochilinite as shown by Barber et al.' and Tomeoka 
nd Buseck!?:'*, 
We further suggest that the tochilinite structure is a subunit 
of the SBB-type (~17 A PCP) phase’. HRTEM images of ~17 A 
PCP show a distinctive alternation of ~7 A and ~5 A lattice 
fringes of the type SBB (refs 4, 25) or 7-5-5 (ref. 11). These 
HRTEM images were initially interpreted as ordered alterna- 
tions of serpentine-type (S) and brucite-type (B) layers on. the 
basis of structural arguments and matrix bulk chemistry*”*. A 
Si-rich component of some PCPs is also inferred from their 
relatively high Si contents”"'*. A combination of serpentine and 
tochilinite layers (held together by hydrogen bonds) gives a basal 
periodicity between ~17 and ~18 A, depending on the strength 
of interlayer bonds and/or chemistry. A schematic model of this 
proposed serpentine-tochilinite structure is shown in Fig. 1b. 
In this particular case, the planar lizardite layer conforms with 
he observed planar layer structure of an SBB-type PCP shown 
Figs 4 and 5 of ref. 25. Compositional variations within the 
rpentine layer may also induce a corresponding modulation 
e overall structure”, Thus, serpentine—tochilinite structures 
higher Mg content in the 7 A layer tend to form curved 
r cylindrical structures as shown in Fig. | of ref. 8. However, 
structural misfit between the mackinawite and brucite sheets of 
tochilinite can also produce curved, sinuous or ‘turbostratic 
ructures. Therefore, we suggest that variations in c axis struc- 
e- images of serpentine-tochilinite are due to the misfit of 
ctahedral and tetrahedral sheets within both tochilinite and 
erpentine layers and may also correspond to subtle variations 
mposition along the layers. 
indication that serpentine-tochilinite may occur in terres- 
il rocks comes from studies of a calcite healed breccia in 
estone at the Grace Mine, Pennsylvania’. In these samples, 
ome regions containing tochilinite show a distinctive composi- 











nd relatively low in sulphur. Jambor’® suggests that these zones 
i ynsist. of intimately interlayered tochilinite and serpentine., 
Aicroprobe analyses from these regions are similar to analyses 
of Si-rich PCP in C2M meteorites’. We suggest that a detailed 
HRTEM investigation of Grace Mine samples will provide 
vidence for a terrestrial occurrence of serpentine—tochilinite. 
Tochilinite has also been found with a valleriite-like carbonate 
phase’. The presence of carbon in PCPs was suggested by 
amdohr'° and concentrations as high as 8 wt % have been 
nalysed in PCPs*. On the basis of these analyses and the 
roposed structures of two types of PCP, we suggest that val- 
ite-type layer structures may also occur in C2M matrices. 

clusions regarding the petrogenesis of meteoritic 
ilinites. and related structure types must be developed with 
aution. Significant compositional differences are apparent 
yetween terrestrial and meteoritic tochilinites. For example, Ni 
is absent from many terrestrial occurrences of tochilinite*’ 
although we consider it possible that minor amounts of Ni can 
‘be substituted into the mackinawite sheet. (An indication that 
‘Ni-rich tochilinite occurs in terrestrial rocks has recently been 
given by van der Vusse and Powell’®.) The presence of Ni in 
tochilinites may prove to be an indicator of the environment of 
formation. In suitable conditions, substitution of other elements 
(for example, K, P) may also be possible in interlayer sites. 
- Terrestrial tochilinite has been. largely ignored by petrologists 
. partly because of its small grain size and (presumed) limited 
occurrence. However, PCPs (and therefore, meteoritic 
achilinites) constitute a significant part of an important group 
teorites, and we urge a strong commitment towards an 
derstanding of phase relations and probable formation 
isms for tochilinite and serpentine-tochilinite. Further- 
perimental data obtained | in i conditions a to 








nature ill result i in equally complex HRTEM i images of 


onal zoning in which optically darker bands are rich in silica 


~ - the dependence of NO, T 
u- hence the potential for ‘mu iple. steady sta ates, 
o the relative e importance of the 
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Does the photochemistry 
of the troposphere 
admit more than one steady state? 


Warren H. White & David Dietz 


Center for Air Pollution Impact and Trend Analysis, 
Washington University, St Louis, Missouri 63130, USA 


Nitrogen oxides are released to the troposphere primarily as 
NO and NO, , relatively insoluble gases which are not effectively 
scavenged by clouds and precipitation’. Nitrogen oxides are 
removed from the troposphere primarily as HNO,, the highly 
soluble „Product of reactions with O, and various free radical 
species’, The NO,(=NO+NO,) removal rate thus depends i 
on the oxidizing potential of the troposphere, which in turn is 
sensitive to the NO, concentration’. Here we demonstrate that 
in certain conditions the NO, removal rate is a non-monotonic 
function of NO, concentration. A consequence is that NO, _ 
emission rates within a critical range can support two or three 
different steady-state NO, concentrations. The ‘nonstandard’ __. 
steady states are characterized by low concentrations of ozone 
and radicals, and by high accumulations of the trace gases these 
normally scavenge. The emission rates required to support such 
alternative steady states appear to be somewhat in excess of 
present levels. 

The possibility of multiple steady states is illustrated here in 
a zero-dimensional (box) model, transport being neglected to 
emphasize the essentially chemical nature of the phenomenon. 
Conditions in the box are chosen to be representative of the 
free troposphere*: 273 K, 1.7 x 10!" molecules cm? (4 km alti- 
tude), and 3,000 p.p.m. water vapour. 

Table 1 presents the gas-phase reaction scheme, condensed 
where possible by the elimination of intermediates with unam- 
biguous fates. The rate constants are adapted from Hampson 
and Garvin’ and Chameides®; -photolysis - rates represent -> 
equinoctial diurnal averages at 45°N. The effects of — 
heterogeneous reactions are lumped into the first-order rates 
for physical removal, which are presented in Table 2 together 
with external source strengths. The degree of nonlinearity 
emoval on NO, concentration, 

is controllec 


























Table 1 Reaction scheme used in calculations 






ae Rate 
Reaction — coefficient. 







RI NO+0,+NO, 1.5 (+1) 
R3 NO; + 0O,- NO, 2.242) 
R4 NO, +NO>2NO, 2.8 (+4) 
R5 NO, +hv >NO, +0, 1.4 (-1) 
R6 — NO,+hv>NO 14(~1) 
R7? — O,+hr>2HO 9.4 (-6) 
R8 CO + HO -» HO, | i 4.5 (+2) 
R9 CH, +HO>CH,0, 66 
RIO C,H, +HO>2CH,0+HO, | 1.3 (+4) 
R11 CH,0+HO+CO+HO, 1.8 (+4) 
R12 CH20 + hr> CO+ 2HO, - 43(-4) 
R13 HO,+NO+NO; > 1.2 (+4) 
Ri4 CH,0,+NO>CH,0+HO,+NO, 7.8 (+2) 
R15 HO+NO,+HNO, 1.8 (+4) 
R16 HNO, + hr> HO+NO,  . 6.6 (—6) 
RI8  HO,+0,>HO 1.0 
RI9 2HO,H,0, 3,7 (+3) 
R20. H,0,+HO> HO, 9.5 (+2) 
R21 -H,0,+hyv>2HO 3.7 (-5) 
R22 HO,+HO~— 4,4 (+4) 


Rate coefficients are adapted from Hampson and Garvin? and 
Chameides® for the following conditions: density = 1.710! 
moleculescm™* (z=4km), T=273K, water vapour = 3,000 p.p.m., 
equinox at 45° N. Numbers in parentheses are powers of 10; units are 
min”? or p.p.m.” ' min r 


physical removal pathways. Accordingly, two sets of physical 
. removal rates are considered, one representing relatively long 
_ (500 days for NO), the other relatively short (10 days for NO), 
ifetimes against physical removal. The source strengths of O4, 
CO, C-H, and CHO i able 2 are obtained by distributing 
e estimated global emissions uniformly (with respect to mixing 
ratio) throughout the troposphere. The source strength of NO, 

varied as a parameter, oe compositia of the emissions being 
ld constant at 95% NO and 5% NO . Only the methane 

Ne ly imposed, at ee all other 
ined by the ‘equilibration of sources 





















i 
























! . e E steady state varies with 
oncentration for a weak physical sink. Photolysis of 
AC] 7) yields HO, which reacts with CO and hydrocarbons 
„R9, R10) to yield HO, and CH,0,, which oxidize NO 
13, R14) to NO2, which photolyses (R2) to yield O3. In the 
tural troposphere NO, is the limiting reactant for the photo- 
emical produc of Ò; (ref. 3), and the oxidizing potential 









o does interdiction of the photochemical chain by R15, a 
_ non-productive sink for HO. The NO, concentration cannot 
continue to rise indefinitely, without reducing the O, yield on 
O; photolysis below break-even. At some point, therefore, O; 
_ Must begin to decrease with further increases in NO,. Figure 1 
_ shows that a break in fact occurs in the neighbourhood of 1 

part in 10° (p.p.b.) NO. Increases in the NO, concentration 

















eager increasing NO, concentration. — 
l ‘ratio, of NO, ii NO increases with 


d aean increases, C 


eyond this level produce a decrease i in the ozone concentration | 
and an even stronger decrease i in free radical. concentrations, as 
s the decline of the ~ 
Te (RD) Similar calculations siy Ste is et al. Sand Hameed ~ 






Source Sink 

































Q (p.p.b. min™') I/R (days) 
_ Weak Strong - 
NO Variable 500 10 
NO, Yaravle A 50. 10 > 
CO 7x10 < S00 O 500. - 
C,H, 5x 1078 “30 | Ww 
CH,O 6x107 | 10 
HO 0 1 i 
CH;0, 0 1 x 
H0: 0 i e 
NO, 0 - 4 T 
HNO, Q 1 a 
_—__ 


Source strengths of O,, CO, C,H, and CHO represent estimated 
global emissions*'*°, distributed uniformly (with respect to mixing. 
ratio) throughout the troposphere. The source strength of NO, is varied 
as a parameter, with the composition of the emissions held constant at: 
95% NO and 5% NO. The methane concentration is fixed at 1.6 p.p.m 
Sink strengths, R, are the first-order coefficients for removal by rainou 
and other mechanisms not included in the reaction scheme. Two set 
of sink strengths are used, presented here in terms of lifetimes, the 
reciprocals. 


Steady state 

























Concentration (p.p.b.) 


10° w 

Fig.1 Calculated steady state of the free troposphere as a function 
of NO,(=NO+NO,) concentration. Conditions are th 5i 
Tables 1 and 2, with a weak payee sink, 





concentration, the NO, sink has a relative maximum 

reactivity peaks, and a relative minimum where oxidati 
physical removal are of comparable importance. A simil 
tern is observed for a stri i th the 
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NO, sink = NO, source (p.p.b. per min) 


2. Cades steady-state NO, (= NO + NO-) concentration 
e free troposphere, asa function of NO, source strength. The 
heavy curves are calculated from the reaction scheme of Table 1 
and the source strengths of Table 2; the one marked with circles 

corresponds to the strong physical sink of Table 2, the one marked 
© with squares to the weak physical sink. The light curve (marked 
-with triangles) shows the effect of fixing the CO concentration at 
Q p.p.b., for the weak physical sink. The sloping lines, labelled 
y the lifetime of NO against physical removal, show the linear 
elationship of concentration to emissions in the absence of photo- 
chemical oxidation. 


i peak and trough in the sink strength. (The free-floating 
culations underestimate the CO concentration, presumably 
due to gaps in the inventory of emissions (compare refs 6 and 
11). The non-monotonic dependence of the NO, sink on NO, 

oncentration is, in sum, a fairly robust feature of the calculation. 

e principal limitation of this result arises from its basis in 
iurnally averaged photolysis rates, which do not allow for the 
buildup of NO, in the dark. The rapid equilibration of NO, 
with soluble NO, provides, in the boundary layer and in clouds, 
a potentially significant night-time pathway for the oxidation 
and removal of NO, (refs 2, 12). The calculations presented 
here are therefore most relevant away from clouds in the free 
troposphere where, in the absence of liquid water, NO; and 
O, simply accumulate overnight and revert to NO, at day- 


t is clear from Fig. 2 that dissimilar NO, concentrations can 
i similar NO, removal rates. As the steady-state NO, con- 
entration is determined by equilibration of source and sink 
engths, this means that a given rate of emission may support 





strength for NO, of 1 part in 10'* (p.p.t.) per min, for example, 
in combination with a strong or weak physical sink. Figure 2 
shows that three distinct steady states are possible in either 
situation. The low-NO, state is stable, and is characterized by 
concentrations which are not uncommon over industrial regions: 
0.40 p.p.b. NO, and 64 p.p.b. O, for a strong sink, 0.36 p.p.b. 
O, ri and. 120 p-p. b. O; for a weak sink. The middle-NO, state 





NO. state is oaaae Dy concentrations not enil seen 
in the free troposphere: 13 p.p.b. NO, and 4 p.p.b. O, for a 
ANRE sink, 500 p. P- b. NO, and 9 5 P. p.b. as for a weak sink. 


10re than one steady-state concentration. Consider a source > 
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~ state whose ultimate fate is difficult to predict.) An emissions 
> transient capable of shifting a large region into the high-NO, 


state is not outside the realm of possibility; Crutzen and Birks'* 
calculate that nuclear war could inject of the order of 100 p.p.b. 
NO, into the upper troposphere between 40° and 60° N. 

In the conditions considered here, multiple. steady states 
become possible at NO, source strengths above 0.3-0.6 p.p.t. 


= min`’, where the minimum NO, concentration is 20.2 p.p.b. 


Actual NO, concentrations reach the 0.2 p.p.b. threshold over 
industrial continents*, but tend to be substantially lower over 
remote areas'*. Actual NO, emissions are currently estimated’ 
to average about 30x 10° molecules cm™*s"' at 45°N. Much 
of this originates within the boundary layer, so that the effective 
source to the free troposphere depends on the rapidity and 
nature of exchange between the two layers'®°. Even if they were 
distributed uniformly in the vertical, however, such emissions 
would correspond to a source strength of only 0.1 p.p.t. min”! 
supporting a unique steady-state NO, concentration of 
~0.1 p.p.b. It appears likely, therefore, that current emissions 
do not quite suffice to support nonstandard steady states on the 
zonal scale considered here. This is not a firm conclusion, 
because the viability of alternative steady states is sensitive’?'” 
to details of atmospheric mixing which are poorly understood. 
It should also be noted that natural emissions of NO, are rather 
uncertain? a and that anthropogenic emissions are rapidly 
increasing” 
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The origin and structure of | ved bine-fluorescent yellow — 
organic substances (Gelbstoff) in seawater have long eluded a 
characterization’. The fact that this class of organic matter, which- 
comprises 10-50% of the organic carbon in the sea’, becam 
known as marine humus (fulvic and. humic acids) has led to mu 
confusion because of th , 
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oe “ated lipids releaied: into seawater. We have now confirmed that 
hypothesis by allowing pure marine lipids and a diatom to autoxid- 
ize in seawater in the laboratory. We report here that the yellow 
substances obtained are similar in all respects to marine humus. 
The syntheses were conducted in coastal Miami seawater from 
which the humus was removed by extraction with Amberlite 
XAD.-2 at pH 2 (refs 2, 4, 5): 10 litres of this water were adjusted 
to pH 8.2 in an open steel container. About 50-100 mg of the 
particular lipid, dissolved in 5 ml of ethyl ether, were added in 
5 mg aliquots to the seawater every 0.5 h until the final concentra- 
tion was Smgl”'. Stirring was continuous throughout the 
24-100 h duration of the experiment with the water fully exposed 
to air and laboratory light. To terminate the synthesis the water 
was acidified to pH 2 and after 1h passed through a 75 cmn? 


column of XAD-2 at 60 ml min™'. Isolation of the products from De 
the resin with methanolic ammonia was by the same process as. — 


described elsewhere**”. The pure lipids used were trilinolein, 
triolein, glyceryl-1,3-dioleate and glyceryl- |-palmitate-2, 3- 
dioleate. The yields were generally greater than 50 mg. Another 
synthetic, fulvic acid, was made by allowing freeze-dried 
Skeletonema costatum, a marine diatom, to stir in extracted 
seawater for | week. Fully saturated tripalmitin and tristearin 
produced no product with the properties of marine humus. — 

The products obtained from the pure unsaturated lipids and 


the lipids in the diatom® were pale-yellow powders freely soluble 


in water but insoluble in ether. An elemental analysis of the 
product from trilinolein was: C, 45.73% ; H, 6.71%; N, 0.86%. 
These values compare well with those of a fulvic acid from the 
: Sargasso Sea’. The 5'°C of this material was —19.7%, which 
compares well with the isotope values of three marine fulvic 
-acids we isolated from the Gulf of Mexico, that is, ~20.6, ~21.5 
and ~22.0%. Interestingly, the 5°C of the trilinolein used was 
28.1 but we do not know the cause of this large fractionation. 
i oe (3-5 mg saan humic acids precipitated 


















Fig. 1. Proton NMR: 
the synthetic fulv 
ooo trilinolein (a), ~ glyc 
dioleate-2- palmitate tb), and an 
open ocean fulvic acid (c). The 
IR spectra of the methyl esters — 
of the marine fulvic acid (A) 
and the trilinolein product (B) : 
are shown in. (d). ‘Note the. 
greater amount of unaltered | 
| aime protons (1.2 ppm) f 
vin b in comparison with a. 
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> and 650 nm, indicating that the same chromophores are. pre 


`- complexing ability of seawater containing an unsaturated lipid 
-> We have shown that marine humus is a good complexer o 
_ copper and zinc as detected by differential pulse anodic strippin; 


+ complexing capacity increased from 0.0 at 4h to 0.5 nmol kg 
at 8h to a total of 3nmolkg™' at 38h. The more saturatec 
: glyceryl |,3-dioleate-2-palmitate required 48h before an 
increase in Zn complexing capacity was observed. The fully 



















































of trilinolein utoxidation i is , superi np 
of marine fulvics. In addition to the yello: 
both he natural and synthetic substances, irradiation a 

prod ces the same broad fluorescence emission between 


Gel permeation chromatography at pH 4, 6 and 8 using be 
acetate and phosphate buffer eluents (Varian TSK 2000 SW an 
Sephadex G-25 columns) gave retention times of synthetic and 
natural fulvics within 5% of each other, indicating similar size. 
and functionality. Although not strictly comparable, polyethyl- 
ene glycol molecular weight standards indicated a molecular. 
weight range mainly between 600 and 800, which is consistent | 
with our proposed structures. These molecular weight results. 
should be treated with caution because the standards were not 
the exact same class of compounds". : 

We have also observed the formation of synthetic marite: 
humic substances by quantifying the development of the zinc 


voltammetry (DPASV)”"®. Trilinolein (2.5 mg 1~') was added t 
aged Gulf Stream water which had little or no complexing 
capacity for Zn. The Zn signal was monitored periodically fo: 
38h by standard additions followed by DPASV analysis. Thi 


saturated tripalmitin does not autoxidize and did not increase 
the Zn complexing capacity of the seawater. The different times 
required by the two lipids to autoxidize and develop Zn complex. 
ing ability are related to the number of free radical reactive 
sites. The synthetic fulvic acid from trilinolein was also shown. 
to protect photosynthetic plankton from copper inhibition to 
the same degree as a natural marine fulvic'’. 7 
The above evidence supports our proposed mechanism of 
formation and structure of oceanic humus. Humic substances 
isolated from estuarine and coastal waters are generally admix- 
tures from marine, freshwater and dissolved soil sources and 
can have different properties from those described for ocean 
water. The word ‘structure’ in this context does not refer to a 
single compound but a closely related family of compounds 
whose properties can be described by one or two structural 
formulas as is the case with coal and lignin. 
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In the past decade, protozoa have been recognized as ubiquitous 
sidents of the upper waters of the sea, where they have key roles 
i detrital and producer food webs’. In contrast, protozoa are 
most unknown from aphotic depths, where food chains presum- 
are supported by detritus. We show here that ciliate pro- 
oans do accompany sinking detritus to bathypelagic depths. In 
roductive northeastern Pacific Ocean, the biomass of ciliates 
cles settling between the surface and 2,000 m far exceeds 
omass of bacteria, which are the only widely recognized 
tal microorganisms in deep pelagic communities. Although 
absolute numbers of ciliates decline below the euphotic zone, their 
concentrations (number per g detritus) drop only slightly by 
2,000 m. Taxonomic data and patterns of abundance” indicate that 
the ciliates are endemics and not remnants of surface colonists, 
and that the deep sea is a favourable environment for them. Their 
high concentrations, possibly together with other smaller protozoa, 
indicate that protists may control bacterial mineralization rates 
on sinking particles, thereby regulating the vertical distribution 
ologically active elements in the sea. 
We collected sinking particles in drifting, preservative-filled 
sediment traps® deployed in the high productivity, eastern boun- 
dary current off central California (vertical transport and 
change of materials in the upper waters of the ocean, VERTEX 
id Mexico. (VERTEX IĮ and IH). Bacteria and ciliates in 
rap were. counted. using methods outlined in Fig. 1. The 
anism | jere prob ably associated with the 
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Fig. 1 Microorganisms (numbers and biomass) from sediment Tr) 
traps in the northeastern Pacific Ocean during VERTEX cruises. _ 
During VERTEX I (A), traps were deployed from 26 August 1980 => 
to 8 September 1980 at 35° N; 123° W, during VERTEX Ii (i) | 
from 27 October 1981 to 17 November 1981 at 17° N; 109° W, and 
during VERTEX IH (@) from 9 November 1982 to 30 November 
1982 at 16° N; 107° W. Because they collect for several weeks, traps. | 
measure the time-averaged standing crop on sinking particles, or ee 
‘flux’ of organisms: numbers m` * day. Ciliates in the traps were 
counted and sizes measured at x400 in 3-5 aliquots in settlin 
chambers with an inverted phase microscope. Specimen conditio 
was checked in aliquots prepared for transmission electron micro 
scopy (TEM). Protargol silver stained’? specimens were identified 
using oil-immersion, bright-field optics. Bacteria stained with 
diamidinophenylindole™ 'S were. counted on 0.2 pm Nuclepor 
filters at x1,188 with oil immersion optics. from three aliquots o fee 
trap material and sizes measured in TEM preparations'® é: Carbon _ " 
content was estimated using carbon-volume relationships from the: 
literature'’-'*, a, Ciliate flux during VERTEX I. b, Ciliate flux: 
during VERTEX I and III. c, Ciliate flux per g dry weight of trap: 
material from VERTEX I. d, Ciliate flux per g dry weight of trap - 
material from VERTEX H and III. e, Ratio of numbers of bacteria _ 
to numbers of ciliates in the trap material from the three cruises. 
f, Ratio of biomass (cell carbon: see above) of ciliates to biomass 

of bacteria in the trap material from the three cruises. 











Ciliates were most common in the shallowest traps, but flux.” 
remained above 10* cells m~? day”! at all. depths (Fig. 1a, b). 
The decrease in trap- -collected tes th : i 
from reduction in the quantity. of sinking particulate matter, 
since numbers per unit dry weight declined only slightly with 
depth (Fig. lc, d). Ciliate flux showed no consistent reduction 
in the pronounced oxygen 3 minimum, betwee 600 and 950 i 
VERTEX I (ref. 7) and betwe d 1,000 r VE 
Il (ref. 8) and HI (wW. 

















ae | Depth mi 


| Numerical (1) Oligotrichs (1) Seut- l (1) Protosto- 
” dominants (such as Ciliates matids 
T Strombidium, (such as 
Tontonia) Metacystis) 
(2) Haptorids 2) Protosto- | (2) Seutico- 
(such as — - matids | ciliates 
didiniids) {such as 
“Metacystis) (3) Nassulids 
(4) Oligotrichs 
(such as 
Strombidium, 
Strobilidium) 
No. of species 
per 50 
¿è specimens 19 10 15S 
“No. of species 
shared between 
adjacent depths at 0 





At our sampling site, temperature at 30m was 38.5°C, at 120m was 5 14.0°C 
and at 1,950 m was 2.3°C and water depth was ~3,500 m. Major. ciliate orders 
are listed and species diversity is indicated. - Specimens were classified using the 
taxonomic scheme of Corli 














ly delicate celis 
lysisin sediment traps are not available. 
» Surface populations with a variety of 
eservation solution caused comparatively. 
ge to cells. (Species lost due to fixation could 
o an unknown extent. Quantitatively, however, 
losses would result in the unc stimation of ciliate importance in our samples.) 

t We assume these ciliates represent populations accompanying vertically sink- 

ing particles—that significant amounts of allochthonous particulates were not 
introduced at mid-depth by horizontal advection. A common surface source for 

the three traps was indicated by their similar phytoplankton debris. Furthermore, 
:. current flow measurements did not suggest a physical basis for the largest vertical 
change—that found between populations in the two upper traps: the 
-~ Measured maximum current sheer® and the predicted sinking speed of marine 
Ow” * indicate a. Mea ke! displacement of no more than 30 km between sources 






stat ais checks of 
fixatives, however, indicate 
little ultrastructural (TEM) d 
affect the apparent ‘endemist 
















chemical analat. do not indicate significant new inputs of 
sat the two deeper 












iomass. See that of bacteria due to the relatively 
e of the protozoa (usually 10-150 um compared with 
P spectively). The ciliate dominance was most pronoun- 
“near the surface, but ciliate biomass still exceeded that of 
ria in the deepest traps (Fig. If). 
.. Taxonomic composition of ciliate populations changed 
mark y with depth (Table 1). Species richness was highest in 
: -surface trap, lowest in the oxygen minimum zone, and 
_ intermediate at the greatest depth. The ciliate taxa in the shal- 
lowest trap were similar to those from the euphotic zone, but 
HE shared no species with the deeper populations. The two deep- 
_. water ciliate samples. ned taxa not normally reported in 
lists of planktonic or s, possessed some of the same 
cay species, and includ jat represent not only new species 
and genera but ev hi ate taxa (ref. 5 and D.C.B. and 
«LOC. manuscript in preparation; also see the classification 
- used in ref. 9). 
Our VERTEX results point to several conclusions. First, pro- 
sinking pelagic detritus from the deep sea are as highly 
ntrated per unit dry weight of daitus as those from any 
À . Furthermore, ciliate 
> ntrations ‘on “sinking particles remain high with depth, 
emonstrating that the decline in ciliate flux is due mostly to 
he decrease in the quantity of sinking 1 material. The > numbers 
of pia their ultrastructural i integr skk 
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s actively responding to enviro 








relative to bacteria (Fig. le) indicate 
ies of the aphotic zone havea popula- 
nbling that of other detrital communities. 
ically regulated by mechanisms common. 


~ to the others. In well-established detrital systems, substrate. 
- decomposition is largely due to bacteria but protozoa control. 
» the rates of mineralization by the bacteria by grazing on them. 


\ variety of protozoa are usually present in detrital communities, 
ut the largest of these—the cillates—play pivotal roles in struc- 


<: turing the communities: they affect overall decomposition rates. 
< by consuming the abundant smaller protozoa that eat bacteria 
-= as well as by directly grazing the bacteria'® 
-ciliates we describe seem to belong to the decomposer assem- 
¿blage on particulates because they contain bacteria, detritus, 
and other local food materials in their vacuoles, and no other 
-significant ciliate food resources are available at these depths: 
the concentrations of cells in the water (as noted from water 
bottle samples) are several orders of magnitude less than on the 
sinking particles (unpublished results from this study and ref. 
19). The abundance relationships between ciliates and bacteria. 
- further argue for the regulatory role of the former: communities. 
_ with numerical ratios of bacteria/ciliates ranging from 10° tor 
10° represent detrital systems in which bacterial production is. 
ultimately regulated and mineralization rates stimulated by the- 
_ciliates'*"'?, Since bacterial/ciliate ratios on sinking detritus 
-from both euphotic and aphotic zones fall within this range, an 
equivalent functional role for the ciliated protozoa seems likely... 
< Such a role does not negate the importance of other, smaller 
_protozoans including microflagellates (which were also present © 
-but not counted in the present study), which may be the primary. 


. The deep-water 


consumers of bacteria, but ciliates are probably the group that | 
ultimately moderates the population sizes and activities of all- 
the lower trophic level members of the decomposer community. . 

Because ciliates are so much larger than bacteria, the food 
base that supports the decomposer community, they are avail i: 
able to some consumers unable to capture bacteria. Ciliates may 
be significant trophic intermediaries between the prokaryotes, $ 
which are well known components of deep ocean food webs, — 
and the metazoa. Our studies suggest that the ciliates could have | 
that role on the particulates that rain into the deep sea. T 

Biological materials on sinking detritus are usually thought - 
to originate from surface waters. However, the ciliates suggest 
more complex interactions among living components as the- 
particles sink. The marked changes in species composition wae a 
depth indicate either a multiple-depth origin of the detritus, a ! 
colonization of the detritus at several depths by gional a 
endemics, or a succession in which initially rare species progress- s 
ively replace the early dominants. The high diversity of the a 





' protozoa, furthermore, indicates that the detritus represents a 


favourable growth environment and that ciliates occupy various: 
niches in these densely populated micro-habitats. Thus the ~ 
taxonomic data, as well as the biomass measurements, show. 
that sinking particles support active, concentrated, and biologi- 
cally regulated microbial communities passing through one of 
the most sparsely populated environments in the biosphere. 
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traps; G. Knauer for dry weight flux values: P. Davoll for 
discussion and help in cruise staging; D. L. Garrison for help 
with graphics; P. Bolt, J. Mitchell and D. Hurley for help with 
sectioning; R. Hinegardner, D. Potts, J. Beers and P. M. Holligan 
for commenting on our manuscript; and the crew of the 
Wecoma. The research was funded by NSF-IDOE Of , 
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utilus when moving into shallower waters at night, were first 
this observation strongly influenced the interpretation of 


iambered cephalopods’ *. To determine whether these migra- 
tions do occur, we mounted ultrasonic transmitters on four 
jautilus belauensis in Palau. The transmitters contained a 
str ain-gauge depth sensor that caused the transmitters to emit 
sonic pulses at intervals that varied with depth, so that geo- 
graphical position and depth could be ascertained. Our results 
indicate that at least in this population or geographical area, 
ertical depth changes of up to 200m per day are common. 
Although too soon to make generalizations about other popula- 
tions of Nautilus in the Pacific, it has been suggested that the 
:orphological position of the siphuncle within the phragmocone 
f the chambered shell would increase the efficiency of vertical 
sigrations in Nautilus, if such migrations were found to occur”. 
‘similar siphuncle configurations are common in most post- 
assic nautiloids, and some ammonoids”’, it could be that 
ertical migration was common in many fossil forms as well. 
‘The sonic transmitters were first calibrated in pressure tanks, 
and by submergence in the sea to known depths. The devices 
were designed to emit at different frequencies (between 38 and 
41 kHz), allowing two Nautilus to be tracked simultaneously, 
and were filled with non-compressible glass microballoons to 
make the transmitters neutrally buoyant in seawater. The bat- 
teries gave the transmitters a life of 7-14 days, and a horizontal 
range of ~2 km. The transmitters sat in moulded rubber saddles 
that allowed them to be mounted on the tops of the shells of 
large, mature Nautilus (two males and two females). The 
Nautilus were captured at 200 m in baited traps, and after being 
fitted with the transmitters, immediately returned to the sea 
and released by divers at a depth of 70m. All four Nautilus 
uickly descended to ab ut 200 m, at -which E the aie 














: i7 Watson, S. L, Novitsky, T. J., Quinby, H. L. & Valois, F. W. Appl envir. Microbiol 33, | 


ertical depth migrations, by the chambered cephalopod : 
mented by Wiley’. Although unsupported by quantitative | 


the mode of life of Nautilus and of the palaeoecology of fossil 
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Fig.1 Vertical movement of two Nautilus: Red, followed during 
14-15 July 1983, and Green, followed during 27-28 June 83. 





work, but much less favourable for Green, Blue and R 
were tracked mainly during daytime hours. All fo 
showed significantly deeper mean daytime than nightt 
(Table 1). Yellow, Red and Green showed daily ascen 
ing between 1600 and 2000, and descents between 0. 
0700. (During our observation period (June-July. 19! 
occurred at 1815 and sunrise at 0545.) Yellow. was 
regular in its diurnal movements. Blue was more irre 
on three occasions (8, 10 and 13 October) showee 
descent rather than ascent. Because tracking was i 
we do not know whether this animal ascended late 
evenings. a 

The tracking data indicate no daily rest periods. Although 
the largest scale depth displacements occurred at dawn and 
dusk, other vertical movements also occurred during day and 
night-time hours. We never observed any Nautilus spending : 
longer than a few hours at the same depth; our data suggest 
nearly constant activity. : 
All four Nautilus showed ai show horizontal. as wel 













pelu Reef; each daylight penis it moved into A O water on. 
the south side of the reef, while-at night it moved around the 
pant into the eat i bay. defined by Augulpelu and Ngada 

Lkm ; The other th € Nau ilus showed 
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Yy M 24-30 June 1983 152 = 290 = 
Blue F 4-15July1983 266 3290. X 
M 26-27 June 1983 < 34 441-324 
F 7-15 Fuly 1983 = 32 120 -87 
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-<e * Hours under observation. : 

< t Derived from daytime and nighttime depth figures, with a maximum 
of two readings during any single hour being included. In the case of 

-Yelow the mean depth figures were computed by integrating the depth 

“curves. 


on this southwestern horizontal movement was vertical move- 
ment, which was accomplished by inshore and offshore motion. 
Because of the steepness of the Palauan reefs, very short 
rizontal distances resulted in large vertical displacements, The 
Blue animal, followed for the longest period, travelled a total 
6km along the reef front during the 10-day observation 
riod. Horizontal movements of a similar magnitude have been 
bserved previously for longer time periods in this population 
f Nautilus®. | 
The depths at which Nautilus were found, as computed from 
the ultrasonic emissions, were compared with the bottom depth 
ecorded nine times using a fathometer. The two depths differed 
ignificantly in only two cases, both involving the Blue transmit- 
~ On 7 October 1983 Blue was followed for about 6h as it 
ended from 250 m depth to 150 m. At the end of this period 
- animal resettled to the bottom, after having travelled ~1 km 
zontal distance. Although Nautilus appear to move mainly 
n the bottom, there does seem to be some movement within 
he water column. : 
We thank James McKibben for construction of the transmit- 
rs. This work was carried out at the Marine Mariculture 
Demonstration Center, Palau. Mr Tosh Paulis helped with boat 
equisition. This work was supported by NSF grant PCM 
8202891. 
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men showing extreme compression of the anterior 










than by abrupt appearance of new morphologies followed by 
stasis), but also in mosaic fashion, with greater variation in 


In one lineage this resulted in a signi ican 
adaptation. These data support a gradual n 
ution and are inconsistent with the punctuat 
Together with other reported cases, the 
gradualism is much more prevalent than 
ated equilibria have argued. i 
The early Eocene sequence of the Willwood Formation in 
the Bighorn Basin, Wyoming, is more than 700 m thick, spans 
about 4 Myr and is among the richest areas for fossil vertebrates 
in the world. Because of excellent stratigraphical control, 
samples from these deposits constitute some of the most impor- 
tant data for studies of mammalian evolution’ '*, including the 
largest and most diverse collection of omomyid primates known 
from any basin. This collection is now several times larger than 
the largest sample studied by previous workers, and nearly all _ 
specimens are tied into measured stratigraphical sections. = 
The omomyid samples have been assigned to at le x. 
species in as many as six genera: Teilhardina americana 
Tetonoides tenuiculus, Tetonius homunculus, Pseudot 
ambiguus, Absarokius abbotti and Omomys vespertint 
and several undescribed species (Fig. 1). The system: 
these fossils is still under study, and it is clear that pr 
understanding of most of them was very incomplete. Our 
indicate that all of these species are valid, but it is de 
how many genera are represented. Here we provide e 
for the transitions between Tetonius homuncr 
Pseudotetonius ambiguus and between Teil. americ 
Tetonoides tenuiculus. Detailed justification will be pro 


elsewhere for recognition of Teil. americana and P. ambigu 










netu- 



















the validity of both of which has been questioned??? 


this report, the taxonomy of the fossils is of less consequence 
than the evolutionary patterns they show. | 
All omomyids from the Bighorn Basin are conservative in 
molar morphology, differing consistently only in absolute size 
or relative breadth. Figure 1 shows that the molars separate tc 
some extent on size alone. Teilhardina and Tetonoides are about 
the same size and are significantly smaller than Tetonius or __ 
Pseudotetonius, whereas the latter and Omomys are slightly 
smaller than Tetonius, and Absarokius is somewhat larger than 
Tetonius. Even so, the latter four taxa overlap substantially in 
molar size. To distinguish between them, differences in crown 
morphology, size and configuration of antemolar teeth are m re. 
important than molar size. Within each size group {E Lo 
different morphologies are recognized under the specific: ames 
listed above, and our studies demonstrate that each comes from 
a restricted stratigraphical interval. Precise stratigraphical — 
documentation has, therefore, been indispensable in determin- 
ing relationships between species. : . 
In the lineage from Tetonius homunculus to P. ambiguu 
anterior dentition evolved dramatically, while the molars and 
the last lower premolar (P,) remained conservative. Here we 
apply the name Tetonius homunculus to the most primitive 
specimens (see also ref. 19), which have a relatively. large. 
two-rooted P}, a very small, one-rooted P., a moderate sized 
canine and second incisor (1), and an enlarged medial incisor __ 
(I,). All such specimens (stage 1 in Fig. 2) are confined to the ~~ 
180-190 m interval of the Willwood Formation in the principal 
study area (central and southern Bighorn Basin). Tetonius first 
appears at about 65 m but its anterior dentition is unknown 
below 180 m. Not all specimens in this lineage possess Pa; but 
from the stratigraphy it became clear that P, was lost after stage — 
1, beginning a trend toward progressive compaction and reduc- 
tion of anterior teeth, except for 1, which became larger with 
time. The name Tetonius ambiguus was first applied to a speci- 


















































distributions of 
he centrai and 











outher Bighorn Basin (Elk Creek, Fifteen- 


‘mile Creek and Sand Creek sections). 
“Abscissa show the natural logarithm of 



























-crown area (mm) of the first lower molar; 
- the ordinate represents the stratigraphical 500 
| Jevel in Willwood Formation. Some points 
represent more than one individual. Names 
are placed near clusters of specimens that 
_ can be referred on morphological grounds 
to the species listed in the text and points 
situated stratigraphically between them rep- 
resent evolutionary intermediates. Points 
d-d denote individuals belonging to unde- 
=o seribed taxa. Some taxa overlap consider- 
ably in size range of M,, but their means may 
differ: for example, mean area of M, in P. 4 E „+ 
GIET. TOI MPEs GAE QF: Vig a ee + + 
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ty FE È Pseudotetonios => 
$+ eth ++ + ao 


Metre level 


+8 


Tetonoides t+ $ ee a Poke eE a2 ++ 
+ 





ambiguus is less than in Tetonius homun- 
culus and both are smaller than the mean 
for A. abbotti. Plots for other teeth show a 
similar pattern except that those based on 0 
“P, and M; show greater separation between | 
tonius homunculus and P. ambiguus, and 0.80 
based on P, segregates A. abbotti more l : 
> from other samples. | | 












«= 


root or coalesced roots, absence of P, diminutive canine and fications that characterize Pseudotetonius did not ap 
and much enlarged I, (stages 4 and 5 in Fig. 2). The dentary synchronously, and certain characters (for example, P} roc 


lz; s 
anterior to P, is much shorter than in Tetonius homunculus. configuration) were more variable during periods of change. P 


This morphology occurs in the 350-390 m interval inthe study — disappeared between stages 1 and 2; P; gradually diminished 
area, at the top of which P. ambiguus apparently became extinct in size-throughout the sequence while its two roots becam 
ding with an extinction-immigration event termed bio- closely appressed and merged into one from stages 2 to 5; the 
1 B**). Intervening strata have revealed morphologically canine and I, became gradually smaller up-section; and | 

ediate specimens that record a gradual transition from. .. enlarged, principally in stages 3 to 5. There was also a slight 
onius homunculus to P. ambiguus (Fig. :) = reduction in mean lengths of P, and the lower molars in stage 
Of particular interest is the mosaic pattern of change. Modi- 3-5. The sum of changes during this transition reflect an adapti 
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Fig. 3 Transformation of lower fourth premolar (P,) in the Teil. 
; americana- Tetonoides tenuiculus lineage. Left, computer-gener- 
ated digitized lingual profiles, standardized to the same length so 
_ as to indicate only structural differences. Note the progressive 
-enlargement and elevation of the metaconid and the elongation 
-of the paraconid in successively higher strata. Right, camera lucida 
tracings, at constant magnification, of the back of the P, trigonid, 
Showing the increase in size and height of the metaconid as well 
‘as increase in absolute breadth. Profiles for Teil. americana and 
Tetonoides tenuiculus are means computed from only complete, 
unworn specimens; other profiles depict individual specimens. 
. Other known specimens from these levels conform to the mor- 
phologies shown. 


hift to shorter-jawed omomyids with enhanced emphasis of the 
ior grasping teeth and declining importance of the teeth 
hind them. 
Iso found is a gradual transition from Teil. americana to 
tonoides tenuiculus, best documented in the morphology of 
e posterior lower premolars (P3.4). Teil. americana is the 
Idest and most conservative North American omomyid!*74 
nd, as in European Teilhardina. belgica [clearly its congener 
KD. R., T.M.B. and M. Godinot, in preparation) ], the P; and 
are relatively high-crowned, pointed and bear small, low 
» which are more pronounced on P,; the cheek teeth are 
yasally inflated. These features occur only in the lowest 
Om Foodie. of the sy area. Tetonoides tenuiculus 








t: this | ii "s fully developed come ‘trom the 
G 90 m interval i in the stu y area. Fossils from intervening 
are intermediate between the two Poan and 
e prog ressively more lik : 
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ction is there an TA mo phological shift 
(punctuation); rather, change appears to be Ontinuous and 
gradual. Tetonoides tenuiculus was short-lived in the Bighorn 
Basin (but a few stratigraphically higher specimens may be 
related to it: Fig. la~c), although the ge ~ from 
younger rocks in other basins**7°, 00 00 

Both of the phyletic transitions described heré ar i 
ded in samples from the Clark’s Fork Basin, 100km forth of 
the study area. Those samples show the same sequence of 
changes in both lineages as observed in the study area, thus 
providing independent confirmation of the patterns reported 
here. 

The tempo and mode of evolutionary change continue to be 
among the most actively debated issues in evolutionary biology, 
with particular attention currently focused on punctuational and 
gradual models of evolution®!''*??"*°, The most convincing 
evidence for gradual evolution in fossil | mammals has been- 
advanced by Gingerich and colleagues’ , but these studies | 
concentrate primarily on changes in molar size, and advocates 
of the punctuated equilibria model largely discount them''"'*. 
The transitions in two lineages of omomyid primates detailed 
here involve a mosaic of continuously changing features that — 
document the gradual evolution of new morphological types of 
generic rank. Together with Gingerich’s examples and other 
detailed cases of gradual evolution®®**, our data suggest that 
phyletic gradualism is not only more common than some would 
admit but also capable of producing significant adaptive ppa 
cations. 
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Retinitis pigmentosa (RP) is a group of retinal degenerations 
characterized by progressive visual field loss, night blindness and 
pigmentary retinopathy’. Its prevalence is in the region of 1-2 in 
5,000 of the general population, making it one of the commoner 
causes of blindness in early and middle life”. Although 36-48% 
RP patients are isolated cases, the remainder show autosomal 
dominant, autosomal recessive or X-linked modes of inheritance*” 

The X-linked variety (XERP) is found in 14-22% of RP families 
in the UK>*. In the present study, X chromosome-specific recom- 
‘binant DNA probes which can detect restriction fragment length 
‘polymorphisms have been used to localize the XLRP gene(s) to a 
‘subregion of the x chr omosome using gem FENO One of 































maximum LOD scor of 7.89 at a distance of 3 Gorea 
This suggests that the XLRP locus lies on the proximal part of 
‘the short arm of the X chromosome. This probe is potentially 
useful for carrier detection and early diagnosis in about 40% of 


analysis of further families. 

> XLRP is one of the most severe clinical forms of RP, with 
nset in males in the first decade, progressing to blindness by 
he third or fourth decade®. Female carriers show a variable but 
enerally mild degree of visual loss, which occurs much later 
than in males and. is associated with characteristically mild 













| malities on visual field, 
©  testing™”. Partial manifestation in female carriers is generally 
attributed to random X-chromosome inactivation leading to 
unmodified expression of the XLRP allele in a proportion of 
retinal cells. Clinical and électrophysiological testing may detect 

only a proportion: of carriers and then only at a relatively late 
stage of the disease. The loci for the Xg blood group and deutan 
colour blindness are not closely linked to XLRP and are there- 
fore not useful in carrier detection'’'’. Recently, restriction 
fragment length polymorphisms (RELPs) have extended the 
utility of polymorphic markers in the detection of genes respon- 
sible for genetic disorders such as wie a s chorea and 
‘Duchenne muscular dystrophy. oo 
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Families w with XLRP were ascert 
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‘cases, provided that genetic heterogeneity can be excluded by 


es in the retinal fundus and abnor- 
ychophysical and electrophysiological 
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The segregation of RFLP alleles identified with probe L1.28 


Fig. I 
in an XLRP family (F21). Carrier females (©) are shown in gener- 
ations I (12) and 11 (11.3, 5). The mother (1.2) is an obligate heterozy- = 
gote as she has a severely affected son (11.2, W) and two carrier 
daughters. She is also heterozygous for the L1.28 polymorphism, 
showing the upper (12 kb) and lower (9 kb) bands. The unaffected 


sons (II.1,4) have inherited allele Al (12 kb) while the affected 
son has inherited allele A2 (9 kb) from the mother, as have the | 
two carrier daughters. Xg*( +) and Xg{—) blood group alleles are ~ 
alsd shown. 7 
Methods: DNA was prepared from 20 mi of whole blood or lym-. 
phoblastoid cell lines by the method of Kunkel et al.” and digested 
to completion using 5 units of Taqi per pg DNA for 20 min at 
65°C. The DNA digests (5 ug per track) were separated by over 
night gel electrophoresis in 0.8% agarose, transferred to a nitroce 
lulose filter by the method of Southern” and hybridized for 18h 
at 65°C in I5 mi of 5xSSC, 5x Denhardt's solution, 0.1% SDS 
and 100 pg ml” ' denatured salmon sperm DNA. The L1.28 plasmid — 
DNA was labelled by nick-translation with **P-dTTP (specific > 
activity ~2x10°c.p.m. g`’), without excising the insert. The > 
probe concentration in each filter hybridization was 10 ng ml! 

(3 x10’ c.p.m.). The filters were washed at room temperature in 
2xSSC for 20 min, followed by three washes of 20 min each in `: 
0.1 xSSC, 0.1% SDS at 60 °C, then autoradiographed on Fuji film = 

~70°C for 3-7 days using an intensifier screen. 















Table 1 Analysis of linkage between XLRP, Xg and L1.28 





L1.28 Xe 
Recombination XLRP F15 XLRP XLRP 
fraction, © -F15 alone +F15 +FIS 
n=4 n=] n=5 n=8 
0.00 3.45 —00 -00 -0 > 
0.05 3.15 4.65 7.79 ~6.81 | 
0.10 2.82 4.45 7.27 —4.00 
0.20 2.11 3.69 5.80 —1.65 
0.30 1.33, 2.69 4.02 ~9.63 
0.40 0.57 1.47 2.03 —0.16 
Ona 0.00 0.04 0.03 0.50 
LOD mnax * 3.45 4.65 7.89 0.00 
O mean 0.08 0.10 0.06 0.47 
Range (cM) 0-27 2~25 0-15 38-200. 
Odds (© < 0.3) 79:1 187:1 15,000; 1 0.019: 1 
Odds (© < 0.2) 20:1 19:1 400: 1 0.001: 1 





LOD scores are shown for different values of the recombination- 
fraction (@) in XLRP families excluding F15 (—F15), including FIS 
(+F15) and in F15 alone. Maximum likelihood values of O (Oma) and 
the corresponding LOD scores (LOD max) are shown together with the 
mean © values, the latter being a value more appropriate to genetic 
counselling”’. A probability distribution for the recombination fracti 
was calculated from the likelihood curve (calculated at 51 
and the linear prior probability for two unknown loci?" ‘The 
mapping function was used and the X chromosome was assu: 
200 centimorgans long. The 95% confidence limits were esti 
excluding 2.5% of the area under the curve at each tail. Thi 



















lessthan0.3or0.2withthat undertheremainderof thecurve. -The number 
informative. kindreds i is indicated (n 3 T ; 
* The LODscoreisthelog poft 
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Fig. 2 Pedigrees and 
Li.28 alleles in XLRP 
families 2, 5 and 22. XLRP 
heterozygotes: ©, obli- 
gate; ©, on testing. 
Methods and other sym- 
bols as described in Fig. | 
legend. 


firmed by psychophysical and electrophysiological tests, were 
ken to be XLRP heterozygotes; otherwise the genetic status 
emales was not inferred unless the pedigree structure showed 
iem to be obligate heterozygotes. Blood samples were obtained 
m 250 members of 24 XLRP families and lymphoblastoid 
ell lines were raised from obligate heterozygotes and 
ividuals over 60 yr old. 

Estimates of the genetic length of the X chromosome (150-250 
ntimorgans)'° suggest that it should be possible to localize 
XLRP gene with 10 suitably spaced X chromosome-specific 
mbinant DNA probes capable of identifying RFLPs. Three 
robes assigned to the X chromosome short arm, each of 
detects. RFLPs with the same restriction endonuclease, 
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ql, have been used so far; one of these, 1.28, was isolated 
from a human genomic library prepared. from the placental 
DNA of a single individual by Pearson er al.. The L1.28 probe 
is a single-copy X chromosome-specific DNA sequence, 1.25 
kilobases (kb) long, that has been inserted in the RI site of 
plasmid pBR322. It has been regionally assigned Xpll -pl mS 
by using somatic cell hybrids'®. This probe identifies two RFLP 
alleles with the enzyme Taqi: Al, which is 12 kb long and Az, 
which is 9 kb long. These alleles occur at frequencies of 0.68 : 
and 0.32 respectively in the Dutch population, on the basis of — 
an analysis of 40 chromosomes. Digestion of DNAs from normal 
individuals using nine other restriction enzymes did not identify 
RFLP with L1.28 (ref. 16). In addition, 50 X chromosomes from 

29 normal individuals have been analysed in Edinburgh and 
the frequencies of Al and A2 were found to be 0.74 and 0.26. 
Overall, this suggests a heterozygote frequency of 0.41 (95% 
confidence limits 0.33~-0.47). 

Panels of DNA from XLRP obligate heterozygotes previously 
digested with Taq! were screened for RFLP heterozygosity using 
probe L1.28. Nine individuals, from five kindreds, were informa- 
tive for the L1.28 polymorphism, out of a total of 28 obligate 
heterozygotes screened. The segregation of L1.28 alleles in one 
XLRP sibship is shown in Fig. 1. Linkage analysis was done 
using the computer program LIPED'’ and checked by hand. 

In four of the kindreds, each with typical XLRP, there were 
no definite recombinants (Figs |, 2) and the value of the recombi- 
nation fraction (@), at which the likelihood is a maximum, is 
zero with a LOD score of 3.45 (Table 1). The fifth kindred (F15) 
was described by Hoare as having X-linked choroidoretinal 
dystrophy'® . After review and subsequent examination, the con- 
sensus of opinion (G. W. Hoare, A.C.B. and B. S. Jay) is that 
the disorder in this kindred is within the clinical spectrum of 
XLRP. However, as the possibility of a second locus cannot be 
excluded, the scores for this kindred are presented both separ- 
ately and together with the other kindreds (Table 1). Only one = 
female in F15 (111.13), identified as a carrier on testing, was 
found to be a definite recombinant, the remainder were non- 
recombinant (Fig. 3). In F15, the maximum likelihood value of — 
© is 0.04 at a LOD score of 4.65. The linkage data are therefore = 
consistent with the F15 locus being identical with, or close to, =: 
that in the other kindreds. When the data from all the kindreds 
are combined, the maximum likelihood value of © is 0.03, 
corresponding to a distance of 3 centimorgans, at a LOD score | 
of 7.89. The 95% confidence limits are 0-15 centimorgans and 
the odds of linkage at © values less than 0.3 are 15,000: ] (see : 
Table 1). : 

Xg blood group data have been analysed in eight kindred 
typed by Dr R. Sanger and Dr P. Tippett of the MRC Blood 
Group Unit, London en 1). Close linkage is excluded and 
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LRP and Xg loci are 38-200 ‘centimorgans. The Xg locus has 

een assigned to Xp22.3- -pter’? and the genetic length of the 

<: short arm of the X chromosome (Xp) is in the region of 60- 

-90 centimorgans’*, so that the assignment of XLRP to within 

15 centimorgans of L1.28 (assigned to Xp11.0-p11.3) is con- 
sistent with known distances on Xp. Recent evidence from 
somatic cell hybrids shows that the L1.28 locus is close to Xp11.3 
(P.L.P. et al., unpublished), so that while the precise relationship 
between physical and genetic maps in this. region has yet to be 
established, it is likely that the XLRP locus is on the proximal 
part of Xp. 

The finding of close genetic linkage between XLRP and the 
L1.28/ Taqi polymorphism suggests that this could provide a 
useful means of carrier detection or prenatal diagnosis. 
However, more XLRP families informative for this RFLP must 
be examined to exclude significant genetic heterogeneity. Fur- 
ther work is also required to make more families informative 








-for L1.28 and to map XLRP in relation to other neighbouring. i 


RFLPs. 





5% confidence limits f for. the senei distance betwen the = perlorming the Xg analyses; and nee A. Laties. nd th 
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Gilture of embryo-derived ETE 
1a normal karyotype and a high differentia- 
ive ability’ has enco aged us to assess the potential of these 
cells to form functional germ cells following their incorporation 
-into chimaeric mice. We report here the results of blastocyst 











jection studies using three independently isolated. XY embryo- 
erived cell lines (EK.CP1, EK.CC1.1 and EKCC1.2) which pro- 
ce avery high proportion (>50% ) of live-born animals that are 
wertly chimaeric. Seven chimaeric male mice, derived from these ` 
hree lines, have, so far, proved to be f unctional germ-line 


Although teratocarcinoma-derived embryonal carcinom: 
(EC) cells have been used to construct chimaeras, they hav 
rarely realized the developmental potential demonstrated b 
embryonic inner cell mass cells used in a similar combination’. 
Indeed, when introduced into the early embryo many EC cell. 
lines show a low rate of colonization and/or a restricted pattern 
of differentiation’, and many chimaeras develop tumours: boll 
pre- and postnatally’. 

We have recently demonstrated that over 15 of our fertilize 
and parthenogenetically activated embryo-derived (EK) cel 
lines of both XX and XY sex chromosome constitutions form 
normal chimaeras with high efficiency (in preparation). In 
study we decided to use fertilized embryo-derived pluripot 
XY cell lines, which, unlike most of their tumour-de 
cell counterparts, readily differentiate in vitro and p 
normal euploid karyotype’, an essential prerequisit 
formation of viable gametes. We now present data whicl 
demonstrate that such cell lines are capable of formin fw 
tional germ-line chimaeras. aoe 

Table | gives the results of the blastocyst injection experimen t 
and Table 2 the results of the test breeding studies. Figure. 
shows six of the phenotypically male chimaeras which transmit 








ted functional spermatozoa derived from the introduced 


It would obviously be desirable to incorporate specific func. 
















E chimaeras. z tional genes into the mouse genome. While direct transformation . 
l Table 1 Rates of construction of chimaeras 
No. -o No No. Chimaeras Males No. of germ-line 
Cell line inject born (%) chimaeric (% ) Male Female ND Set up Bred chimaeras 
EK.CPL 167 (66) 74 (44) 40 27 7 23 20 4 te 
EK.CCI l 52 (75) 31 (60) 21 10 0 13 8 Po ARES 
11 (70) 63 (57) 50 13 0 21 7 fe eae 











Total: BE 


nes were isolated from delayed blastocysts’. All of these lines are characterized: by 
ele cell line was derived from a PI / Ev strain mouse and i is aaae for th 








of the zygote has recently shown much promise", an alterna- 

tive approach is the construction of individuals between 
_ ‘modified’ pluripotential cells and normal embryos. This second 
approach has the advantage that cultured cells are accessible 
for genetic manipulation, characterization and selection before 
their incorporation in vivo. Several EC cell lines have been 
selected in vitro to carry specific mutations or additional intact 
‘foreign’ chromosomes, and have subsequently been incorpor- 
ated into chimaeric individuals'*'’. It is, however, a necessary 
prerequisite to demonstrate that germ-line chimaerism can be 
reliably achieved. Published rates of construction of germ-line 
chimaeras using EC cell lines have been disappointingly 
= poor'®'®. There has been a report of a single XX cell line, 
= maintained completely in vitro, from which two germ-line 
~ females have been obtained. In addition to a low rate of chimaera 
formation (13%), these females produced only four progeny 
having an EC-derived component”’'. 


ry v 
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Table 2 Breeding data from the seven functional germ-line chimaeras 


o 


‘ 





Male No. of No. of No. No. black 
chimaera litters offspring albino agouti 
CP1.3 10 78 0 78 
CP1.5 16 170 163 7 
CP1.11 2 23 22 | 
CP1.34 | 5 0 5 
2.09 FB Be) l 12 0 12 
CC1.2.6 l 13 0 13 
CC1.2.8 l 11 0 i] 





Phenotypically male chimaeras were caged with successive virgin 
CFLP females homozygous for the GPI-/" allele and the albino locus. 
Resulting litters were scored for the dominant black and agouti 

_ phenotypes. GPI analysis of blood samples taken from all the black 
-agouti offspring has shown the predicted GPI-1°1" (EK.CP1) or GPI- 
1°19 (EK.CC1.1 and EK.CC1.2) genotype, thus verifying the inheritance 
Pal f these culture-maintained lines. The chimaeras which appear to be 
ZZ: g from their XY culture-derived component alone are probably 


sexual mosaics, although phenotypically they are normal males, as any 


a 









_ XX germ cells would not be capable of forming functional spermatozoa. 
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Fig. 1 Six of the seven germ-line 
chimaeras described in Tables | 
and 2. a, CP1.3; b, CPI.5: c 
CP1.11; d, CC1.1.3; e, CC1.2.6: f, 
CC1.2.8. Between 8 and 12 embryo- 
derived cells were introduced into 
the blastocoelic cavity of host- 
fertilized blastocysts homozygous 
for the recessive albino locus. The 
blastocysts were then allowed to 
re-expand and were subsequently 
transferred to the uterine lumen of 
recipients on the third day of 
pseudopregnancy. All the concep- 
tuses were allowed to develop to 
term, and live-born animals were 
scored for the presence of eye and 
coat pigmentation at or shortly 
after birth. 
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Clearly, embryo-derived stem cells seem to be particularly 
efficient at recolonizing the early embryo. This feature, together 
with the availability of XY lines such as those described here, 
now allows the routine construction of chimaeric males which 
are capable of transmitting culture-derived genomes to a poten- 
tially limitless number of offspring, and confirms our previous 
contention of the normality of the genome in these stem cell 
lines”. 

We thank Pam Fletcher for technical assistance. This work 
was supported by grants from the MRC (M.E. and M.H.K.) and 
the Cancer Research Campaign (M.E.). A.B. is supported by a 
MRC Studentship. The EK.CPI cell line was isolated by Marie- 
Therese Schnebelen of the College de France, Paris, while in 
Cambridge on an EMBO short-term fellowship. 

Note added in proof: A further four males described in Table | 
have proved to be germ-line chimaeras (three from the CC1.2 
and one from the CC1.1 cell lines). 


Received 23 January; accepted 20 March 1984. 


l. Evans, M. J. & Kaufman, M. H. Nature 292, 154-156 (1981). 

2, Martin, G. R. Proc. natn. Acad. Sci. U.S.A. 78, 7634-7638 (1981). 

3. Robertson, E. J., Kaufman, M. H., Bradley, A. & Evans, M. J. in Cold Spring Harb. Conf. 
Cell Proliferation 10, 647-663 (1983). 

4. Papaioannou, V. E. & Rossant, J. Cancer Surv. 2, 165-183 (1983). 

5. Papaioannou, V. E., Evans, E. P., Gardner, R. L. & Graham, C. F. J Embryol. exp. Morph, 

S4, 277-295 (1979). 
Kaufman, M. H., Robertson, E. J., Handyside, A. H. & Evans, M. J. J. Embryol. exp. Morph. 
73, 249-261 (1983). 

7. Gordon, J. W., Scangos, G. A., Plotkin, D. J., Barbosa, J, A. & Ruddle, F. H. Proc natn. 
Acad. Sci, U.S.A. 77, 7380-7384 (1980). 

8. Brinster, R. L. et al. Cell 27, 223-231 (1981). 

9. Constantini, F. & Lacy, E. Nature 294, 92-94 (1981), 

10. Wagner, T. E., et al Proc. nain. Acad. Sci U.S.A. 78, 6376-6380 (1981). 

il. Jāhner, D. & Jaenisch, R. Nature 287, 456-458 (1980). 

12, Palmiter, R. D. et al Nature 300, 611-615 (1982), 

13. Palmiter, R. D., Norstedt, G., Gelinas, R. E., Hammer, R. E. & Brinster, R. L. Science 222, 
809 (1983). 

14, Dewey, M. J., Martin, D. W. Jr, Martin, G. R. & Mintz, B. Proc. natn, Acad. Sci. USA. 
74, 5564-5568 (1977). 

15. Ilmensee, K., Hoppe, P. C. & 


> 


, C. M. Proc. natn, Acad. Sci, U.S.A. 75, 1914-1918 


(1978), a ene 
16. Watanabe, T., Dewey, M. J. & Mintz, B. Proc. natn. Acad, Sci U.S.A. 75, 5113-5117 
(1978). >»... ote. af Pen 3 










17. Ilmensee, K. & Croce, C. M. Proe. ca 
18. Mintz, B. & Ilimensee, K. Proc. natn. Acad 
19. Iiimensee, K. in Mosaics 7 


‘ines 
f wen, 
` 


21. Stewart, T. A. & Mintz, B. J. exp. 





„à 





a Spir 
x affect sexual behaviour in rats 





Z. Wiesenfeld-Hallin* & P. Soderstent 


Departments of * Clinical Neurophysiology and + Psychiatry, 
.Karolinska Institutet, 5-141 86 Huddinge, Sweden 


manana pry? rte testified sade AeerinttttaltrndrndnhAtretaaAr Adirah 


Enkephalin-containing cells in the substantia gelatinosa of the 
spinal cord’ participate in the neural processing of painful 
stimuli”. Spinal opiates may also be involved in the perception 
of sensory stimuli related to reproduction, as probing of the uterine 
cervix stimulates sexual behaviour in rats’ and also induces an 
analgesia? which is partially dependent on opiate receptor mechan- 
isms in the spinal cord**. We now report that the intrathecal 
injection of morphine into female ovariectomized rats pretreated 
with oestradiol benzoate and progesterone inhibits sexual recep- 
tivity while injection of the opiate receptor antagonist naloxone 
«. enhances it. Similarly, intrathecal injection of morphine increases 
_ while injection of naloxone decreases the number of intromissions 
before ejaculation in male rat. Intraperitoneal injection of mor- 
phine or naloxone has no behavioural effect. Recent studies have 
suggested that brain opiates are involved in the control of sexual 
behaviour” `’. The results reported here indicate that sexual 
behaviour may also be influenced by spinal opiates. 

Female Wistar rats (200-220 g) were ovariectomized and | 
week later a polyethylene catheter was inserted into the sub- 
arachnoidal space of the lumbosacral spinal cord as described 
elsewhere'”. One week later the rats were injected with oestradiol 
benzoate and progesterone and tested individually with male 

os fats All females showed lordosis (concave back flexion, lateral 
= tail iation and neck extension) to all mounts and were 
-> thereafter divided into four groups and injected intrathecally 

. ti D with the opiate receptat agonist monro in doses which 






















ae recorded 15 and 601 min aher the morphine injection 
nd a lordosis quotient was calculated as: (number of lordosis 
esponses) x10. oe 

<= Fourteen ovariectomized rats, , pretreated with oestradiol and 
progesterone, were diş ided into three groups and injected 
intraperitoneally (i-p.) or it. with morphine. One group given 
morphine i.t. was injected i ip. with the opiate receptor antagonist 





The rats were tested with males 60 min after the morphine 
injection and lordosis quotients were calculated when the males 
ad mounted 10 times. 

“Sixteen ovariectomized rats, which showed an overall mean + 
's.e.m. lordosis quotient of 43.6+ 10.5 after pretreatment with a 
a fae dose of oestradiol and is sea were divided into three 










oes tested with males | 
Sexually lata 


naloxone and the other group received an i.p. injection of NaCl. 
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Fig. 1 a, Effect of intrathecal (i.t.) injection of 0 (©), 1 (@), 5 (A) 


or 10 (A) pg of morphine on sexual receptivity (mean+s.e.m. 
lordosis quotient) induced by 10 wg oestradiol benzoate (48 h) and 
0.5 mg progesterone (6 h) before the morphine injection. 6, Effect 
of intraperitoneal (i.p, open bar) or i.t. (black bar) injection of 
5 ug morphine 60 min before testing and of i.t. injection of 5 pg 
morphine 60min before testing in combination with 400 ug 
naloxone ip. (cross-hatched bar) given 10 min before testing on - 
~ sexual receptivity induced as in a. c, Effect of ip. (open bar) or ~ 
it (black bar) injection of 50 pg naloxone or 0.9% NaCl it. 
(cross-hatched bar) given 10 min before testing on sexual recep-~ 
tivity induced by 0.8 pg oestradiol (48 h} and 0.5 mg progesterone 
(6h) before the naloxone injection. Oestradiol and progesterone. 
(Sigma) were dissolved in 0.1 mi sesame oil and injected sub 
cutaneously. Morphine chloride (Apoteksbolaget) was dissolved i 
in 10 pl 0.9% NaCl and injected i.t. through a Clay Adams PEIO: 
polyethylene catheter or in 0.5 mi NaCl i.p. The it. catheter was 
flushed with 10u! NaCl after the injection. Naloxone hydro- 
chloride (Endo Laboratories) was dissolved and injected as the 
morphine. * Significantly different from NaCl-injected controls or. © 
** ip. morphine-injected (b) or i.p. naloxone-injected (c) rats; P _ 
at least <0.05 Mann-Whitney U-test after one-way analysis of © 
variance, There were four to six rats per group. 




















































morphine significantly inhibited lordosis behaviour 60 min after 
injection. Rats given an i.t. injection of morphine showed sig- 
nificantly lower lordosis quotients than rats given morphine i. Pa 
while i.p. injection of naloxone reversed the effect of the i. 
morphine injection (Fig. 1b). Figure Ic shows that an it. bi 
not i.p., injection of naloxone facilitated sexual recepti vity 
rats given a low dose of oestradiol and progesterone. __ 

Males given naloxone i.t. showed fewer and male: 
morphine i.t. showed more intromissions before ejaculation 
males treated with NaCl i.t. (Fig. 2a). The effect of morph 
was reversed by an i.p. injection of naloxone (Fig. 2a) 
of the other parameters of sexual behaviour was changed 
the i.t. injections (data not shown). Intraperitoneal injection 
either naloxone or morphine had no effect on intromiss 
frequency (Fig. 26). 

In the female rat, spinal segments LI to SI are taaa f 
processing sensory stimuli provided by the male during. copul 
tion”. Denervation of peripheral skin'® or transection of the 
spinal cord at levels receiving cutaneous information during | 
copulation’’ reduces the intensity of sexual behaviour in female : 
rats. Injection of morphine in the subarachnoidal space sur- 
rounding these spinal segments produced a dose-dependent __ 
inhibition of sexual receptivity in female rats in our study, and 
this effect was reversed by naloxone. Also, an it. naloxone _ 
injection facilitated the behaviour of female rats made partially __ 
receptive by injection of low doses of ovarian hormones. Since 
no behavioural effects were noted when either morphine or 
naloxone was administered at a site distant from the spin: 
we suggest that one function of dorsal horn opiates in 
rats is to modulate sensory stimulation provided by: 
during copulation. Thus, stimulation of the uterine 
female rats occurs naturally during sexual interactions i 
rat”’ and it is tempting to speculate that the ensuing analgesi 
which 4 is Pma ae nih ae may reflect a _copulatio 

: soft | 
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co Fig.2 Effect of intrathecal (a) and intraperitoneal (b) injection 
of 0.9% NaCl (open bars), 50g naloxone (black bars), 5 wg 
morphine (cross-hatched bars) or 5 ug morphine in combination 
with 400. ag naloxone i.p. (stippled bar) on intromission frequency 
Sore (mean +$.e.m, number of intromissions before ejaculation) in male 
rats tested with sexually receptive female rats. Naloxone was given 
10min and- morphine. was given 60min before testing. * Sig- 
nificantly: different from NaCl-injected controls: P< 0.05 Mann- 
_ Whimey U-test. after one-way analysis of variance. There were 
; four or five rats per group. 





ing copulation, fates rats show multiple intromissions, 
rve to facilitate ejaculation” . Anaesthesia of the penis”? 
ion of the dorsal penile nerve?” prevents the display of 
itromission and ejaculation. Thus, sensory stimulation of the 
penis is required for normal copulation in male rats. It seems 
likely that spinal opiates may serve a function in coding the 
nsory information value of each intromission as an i.t. 
1e injection decreased the number of intromissions 
; males before ejaculation and an i.t. morphine injection 
uced a naloxone-reversible increase in intromission 
quency. Naloxone or morphine injections had no behavioural 
ts if given i.p. Sensory information from the penis is carried 
the dorsal penile nerve, the cell bodies of which are located 
in dorsal root ganglion L6”. These cells have extensive collateral 
projections to segments T1!2~S3 in the substantia gelatinosa of 
the spinal cord”, that is, the segments around which the i.t. 
injections were made in our study. 
Recent work on the physiological role of spinal opiates have 
concentrated exclusively on their involvement in the perception 
of pain'*. The present results suggest that enkephalins in the 
spinal cord may participate in the coding of a broader range of 
nsory information. 
This work was. Supported by the Swedish MRC (5318), the 
wedish Council for Research in the Humanities and Social 
ences (F224/83) and the Funds of the Karolinska Institute. 
thank Apoteksbolaget for supplying morphine and Endo 
tories for naloxone. 
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Vasopressin was among the first mammalian hormonal peptides 
to be identified and to have its structure determined’. Its only 
undisputed physiological role is as a circulating neurohypophyseal 
antidiuretic hormone. Other notable effects of vasopressin on 
peripheral tissues include contraction of vascular smooth muscle, 
leading to elevation of blood pressure, and activation of gly- 
cogenolysis in liver. It has long been clear that vascular smooth 
muscle and hepatocytes are relatively insensitive to the low con- 
centrations of vasopressin normally present in the circulation, and 
the physiological significance of their responses has therefore been 
in doubt. We now report that a new bioactive and immunoreactive 
vasopressin-like peptide (VLP) is widely distributed in the sym- 
pathetic nervous system of mammals, both in the principal 
noradrenergic neurones of ganglia and in nerve fibres innervating 
peripheral tissues. In addition to other peptides described in the 
mammalian sympathetic nervous system’, VLP must be considered: 
as a possible mediator of the non-adrenergic responses to sym- 
pathetic activation. Moreover, many. of the effects pna 
attributed to circulating vasopressin may be neurally evoked. - 

Using several antisera having high specificity for arginine- 
vasopressin (AVP, Table 1 legend), significant quantities of 
VLP were detected in rat superior cervical and coeliac ganglia 
(Table 1). The levels detected in the coeliac ganglia were one- 
quarter those found in the superior cervical ganglia, suggesting 
that there may be some rostral-caudal differences in the levels 
of VLP along the sympathetic chain, as has been found 
vasoactive intestinal polypeptide (VIP)°. Detectable levels of 
oxytocin-like immunoreactivity were also found by using an 
oxytocin-specific radioimmunoassay, but the levels were about af 
one-tenth those found for VLP (Table 1). The apparent VLP © 
levels in rat superior cervical ganglia are comparable to the 
levels of substance P-like immunoreactivity expressed after. 
explant culture of the ganglia. — 

The Brattleboro rat, a mutant of the Long-Evans strain, lacks 
AVP and consequently proved an important tool in vasopressin 
research’. Specific radioimmunoassays demonstrated that the 
superior cervical ganglia of Brattleboro rats had significant levels 
of both vasopressin-like and oxytocin-like immunoreactivity, 
although the levels of the former were 40% of those measured 
in Long-Evans controls (Table 1). 

Gel filtration established that VLP migrates as a single 
immunoreactive peak with a higher apparent molecular weight = = 
than authentic vasopressin (Fig. 1). Because VLP was extracted 
from pooled ganglia’ lt tion experiments, it should be 
considered tha dings may be a 
processing prodi sxytocin- like 
immunoreactivit : 
oxytocin an 
tide. Gang! 
k HPLC. 

The cross-reacti 
oxytocin. ¢ antisera 
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Fig. 1 Elution. protile of arginine-vasopressin immunoreactivity 


from extracts of rat superior cervical ganglia on Sephadex G-25. 
Extracts were prepared by homogenizing pooled, frozen ganglia 
from 10 Sprague-Dawley rats in 0.5 mi 50 mM HCI with an ultra- 
sonic disintigrator (MSE Soniprep 150). The homogenate was 
extracted through acidified octadecasilyisilica columns (Table 1 
legend) and resuspended in | m! 0.1 M Tris-HCI buffer (pH 7.4). 
This extract was applied to a 1.0x30cm Sephadex G-25 (fine) 
column equilibrated in the same buffer. The column was run in 
this buffer at 45 ml perh at room temperature and I-ml samples 
were collected. Aliquots were assayed for arginine-vasopressin 
immunoreactivity by the technique described in Table | legend. 
Recovery was 70% of that in the applied sample. The void volume 
(Vo) and the elution position of authentic arginine-vasopressin 
(AVP) are indicated by arrows. Aliquots were also assayed for 
oxytocin immunoreactivity, which co-migrated with the AVP- 
immunoreactivity (AVP). 


















-by immunocytochemical techniques. Using immunofluoresc- 
ence, superior cervical, coeliac and thoracic ganglia from two 
mammalian species (rat, macaque monkey) revealed staining of 
large neurones in the ganglia (Fig. 2). Because it seemed likely 
that this staining was restricted to noradrenergic principal 
neurones, sections of uperior cervical ganglia were stained first 
for VLP and subsequently for dopamine- B-hydroxylase (DBH). 
All VLP-positive neurones were also stained by anti-DBH, 
although it is not clear whether all DBH-positive neurones are 
~VLP-positive. It is clear, however, that this pattern is not specific 
„to any particular ganglion or species; it appears to be widespread 
in the sympathetic nervous system. In some sections, a plexus 
of nerve fibres could be detected (Fig. 2c) surrounding the large 
neurones. Because the plexus stains for bot VLP and DBH, it 
seems likely that it arises from postganglionic neurones, 
although its pres anatomical origin is unknown. 
ji nnervated tissues were examined for 
ight correspond to the projections of the 
Hue S, In liver and kidney, two known targets 
of vasopressin, numerot ; immunoreactive fibres were detected. 
In the hilar region of the liver, VLP-positive nerve fibres were 
found running in the smooth muscle layers of the hepatic blood 
© vessels (Fig. 3b), but none was found in apposition to the bile 
ducts. Similarly, blood vessels of the kidney, particularly the 
renal artery (Fig. 3a), showed a high density of immunoreactive 
fibres. In the kidney, fibres were. so found in a variety of other 
- structures, for example, in the vicinity of collecting ducts. This 
-is of considerable interest, as vasopressin exerts more than one 
action on the kidney. A detailed investigation of the renal 
| VLP- positiys e . fibres at both the e liat nd electron microscope 
ay 7! irect neural con- 
bserved in other 
s, such as rat sub- 


























Table 1 


- was dried in vacuo, resuspended in 0.5 mi assay buffer, and assayed i in duplicate 
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Superior cervical ganglion 


(fmol per ganglion) (fmol 
Normal ss 
Immunoreactive Long-Evans Brattleboro 
peptide rat rat 
Vasopressin-like 211426.5*(12) 85+ 11.5* (12) 
Oxytocin-like 23+0.8" (14) 2541.6" (13) 
Normal Normal. - 
Sprague- Sprague= 
Dawley rat Dawley rat ©: 
Substance P-like 30-40 (ref. 15) 270 + 30 (ref. 15) 


180+ 40 (ref. 16) 

Bombesin-like ND 3,900 + 800 (ref. 16)" Se 
* Although the recorded concentrations of vasopressin- and oxytocin-lik 
immunoreactivity are based on standards of arginine-vasopressin and oxytocin 
the peptide present in ganglia is neither of these (see the text and Fig. 1) and thes 
assays are therefore likely to underestimate the true concentration of ganglionic 
VLP. The values given are means + s.e.m. (number of ganglia analysed). ND, noi 
determined. Rats were anaesthetized with sodium pentobarbitone (72 mg per kg’ 
and the superior cervical and coeliac ganglia were dissected and frozen. Each 
ganglion was then suspended in 0.5 ml 50 mM HCI, homogenized using an ultra- 
sonic homogenizer (MSE Soniprep 150), and centrifuged for 5 min at 11,600 
The supernatant was decanted and neutralized with an equal volume of 0 
Tris HCI +10 ul | M NaOH. A 0.1-ml aliquot of the neutralized homogenate 
added to | mi 0.1 M HCO,H, and passed through an acidified octadecasilylsili 
column (Cig Sep-Pak; Waters Associates}. The column was washed with 3 
0.1 M HCO>H and eluted with 3 ml 95% methanol/5% 0.1 M HCO.H. The eluate 


by a modification of the technique of Lightman and Forsling! at three ser 
dilutions. In brief, ~4,000 c.p.m. of '*°l-arginine-vasopressin tracer (NEN, 1,820 Ci 
per g) was added and samples were incubated for 48h at 4°C. Free and ‘bound 
tracer were separated by ethanol preci pitation, and the bound fraction was counted 
by a y-counter. The anti-vasopressin antiserum used here was kindly provided by 
Stefan Lundin (Ferring Pharmaceuticals). Its cross-reactivity with oxytocin is 0.1%, 
with lysine-vasopressin 10%, and with desamino-b-arginine vasopressin 0.01%,- 


inositol lipid metabolism in rat sympathetic ganglia in order to 
detect functional V, receptors. Rat superior cervical gangi 
were stimulated with AVP after incubation with *H-inositol, and 
the production of inositol phosphates from inositol lipids 
measured’. The response was rapid, with detectable a 
tion of inositol bis- and trisphosphates within 15s (Table 
suggesting primary breakdown of phosphatidylinosi 
bisphosphate, as in liver". Stimulated inositol lipid breakdo 
is also a response of these ganglia to muscarinic cholinerg 
stimulation, but the response to AVP is several times larg 
The half-maximal response to AVP occurred at ~30nM AV 
and was blocked by a specific V,-receptor antagonist (Table 
The AVP-stimulated accumulation of inositol phosphates 
unaffected by a reduction in extracellular Ca’* concentrati 
Suggesting that it is a primary receptor-coupled event ri 
than a secondary response to another mediator released fro 
AVP-sensitive neurones. Ganglia showed little or no- change 
cyclic AMP content when exposed to AVP, indicating that they 
possess few, if any, functional V, receptors. The matching of 
the biochemical responses in ganglia with those in sympathetic 
target tissues suggests that this is a coordinated system in which 
VLP may be the preferred endogenous stimulant of V, responses. 
To test the biological actions of VLP, a $ ; i 
extract was freed of catecholamines by adsorption toa miniature 
reverse-phase column. When injected intravenously ain 
alcohol- anaesthetized, water-loaded rats, me extra c 






















AVP, fe relative potencies at V, and Vet receptors 
be assessed. 
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Fig. 2 Immuriofluorescence micrographs of vaso- 
pressin-like peptide in sympathetic ganglia. a, High 
power view of the edge of a macaque monkey 
(Macaca cynomologous) coeliac ganglion stained for 
AVP (X154). Note that the nuclei are unstained. b, 
High power view of rat superior cervical ganglion 
stained for AVP (154). c, Rat superior cervical gan- 
glion examined in a focal plane which shows an AVP- 
positive nerve fibre plexus surrounding the principal 
neurones (X77). The principal neurones are unfocused 
and as a result do not appear clearly stained. d-f, A 
representative double-staining series using the elution 
method of Tramu et al.'*. d, View of rat superior 
cervical ganglion stained for AVP (x98). e, View of 
the same section after elution of anti-AVP antibody 
and re-staining with second antiserum (TRITC swine 
anti-rabbit IgG) to confirm successful elution (x98). 
The exposure time for e was increased 10-fold to 
enhance the background for identification of neurones. 
Jf, View of the same section subsequently stained for 
the noradrenergic marker, dopamine-8-hydroxylase 
(DBH) using anti-DBH antiserum. All of the neurones 
stained in d are also stained in f. Arrows in each of 
d-f illustrate a representative pair of cells that stained 
for both VLP and DBH. 

Methods: Animals were in all case transcardially per- 
fused with a fixative consisting of 4% freshly prepared 
p-formaldehyde in phosphate-buffered saline (PBS). 
Tissues were removed and post-fixed for 12-24h in 
the same fixative, then sunk in 30% sucrose in PBS 
overnight at 4 °C. Tissues were rapidly frozen and cut 
on a cryostat at 104m onto subbed slides. Slide- 
mounted sections were incubated with primary anti- 
body for 60 min at 37 °C or overnight at 4 °C in 0.2 ml 
of PBS containing 0.3% Triton X-100 and 3% swine serum. Antisera (AVP, gift of Drs C. Pol and F, Van Leeuwen) were used at a dilution 
of 1:100. Sections were rinsed with several changes of PBS at room temperature for 30 min, then incubated for 60 min at 37 °C with secondary 
antiserum (Dako TRITC-labelled swine antiserum against rabbit IgG, diluted 1:50 in PBS/0.3% Triton X-100/3% swine serum). After rinsing 
in several changes of PBS, sections were examined by fluorescence optics in a Reichert-Jung Polyvar microscope. Controls included staining 
with secondary antibody (TRITC swine anti-rabbit IgG) alone and pretreatment of antisera with excess antigen. In the latter case, antisera 
were incubated in the presence of 10 ug synthetic AVP (CRB Biochemical) or 10 ug synthetic oxytocin (CRB)—both blocked the specific 
staining, suggesting that the VLP had antigenic characteristics of both AVP and oxytocin. One oxytocin antiserum (gift of Drs C. Pol and F. 
Van Leeuwen) produced identical results in immunofluorescence to those obtained with the AVP antibody. 
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Table 2 Production of inositol phosphates in sympathetic ganglia incubated with AVP 


`H (d.p.m. per 10° d.p.m. in lipids) 


GroPIns InsP InsP, InsP, n 

a, Control 499 +92 2,209 + 244 886+ 142 182221 1S 

0.32 uM AVP for ISs 496+ 116 2,173 + 281 1,325 +93t 458 + 44* 15 

b, Control 1,130 +150 6,060 + 650 1,250 + 140 670+ 120 14 

0.13 uM AVP for 90 min 1,680+ 410 160,000 + 31,000* 29,400 + 5.850" 3,980 + 1,220* 9 
0.13 uM AVP and | uM 

V, antagonist for 90 min 1,150+ 160 8,740 + 2,600 | 490 + 340 450+ 110 9 


a, Superior cervical ganglia from male Wistar rats (~225 g) were desheathed and incubated in 0.3 ml of Krebs-Ringer bicarbonate medium for 


_ 2.5h in the presence of 7.5 aCi [2-*H]inositol (16.9 Ci mmol” '; Amersham) at 37°C. The ganglia were then incubated in inositol-free medium for 


a further | h. Following incubation with Krebs-Ringer medium containing 10 mM LiCl for 5 min (to inhibit breakdown of inositol |-phosphate’) 
the ganglia were stimulated with 0.32 uM VP for 15 s. Incubation was terminated with 0.1 ml of 10% (w/v) perchloric acid. The acid-soluble extract 
was neutralized with 1.53 M KOH (containing 75 mM HEPES to hold the pH of the neutralized extract at ~7.0). KCIO, was precipitated at 0°C 
and removed by centrifugation. After dilution to 5ml with $mM K* tetraborate and 0.5mM EDTA, the aqueous extract was applied to a small 
column of Dowex-! x 10 (100-200 mesh, formate form) and inositol phosphates eluted with 15 ml 5mM sodium tetraborate/60 mM ammonium 
formate (to elute glycerophosphoinositol, GroPIns), 20 ml 5mM sodium tetraborate/ 150 mM ammonium formate (inositol |-phosphate, InsP), 
20 ml 0.1 M formic acid/0.4M ammonium formate (inositol bisphosphate, InsP,) and 0.1 M formic acid/1.0M ammonium formate (inositol 
trisphosphate, InsP,). Lipids were extracted from the acid-extracted ganglia using chloroform/methanol/12M HCI (100: 200:1 by vol.). The 
radioactivity of each phosphate ester was determined, and the values were then adjusted to a standard baseline by calculating the accumulation 
of radioactivity by reference to a standard incorporation of 10° d.p.m. into the lipids of one ganglion. The results presented are mean+s.e.m. of 
the number of ganglia indicated. Statistical analysis was by an unpaired t-test. b, Experimental details as in a, except that the V,-vasopressin 


antagonist ([1-(8-mercapto-8,8-cyclopentamethylenepropionic acid),2-(O-methyl)tyrosine]8-arginine-vasopressin, a gift from Professor M. Manning) 


was added 5 min before AVP, and incubation was continued for 90 min. 
* P=0.001; +P =0.02, difference from appropriate control values. 
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Fig.3 Immunofluorescence micrographs of vasopressin-like pep- 
tide in peripheral nerve fibres of sympathetically innervated tissues. 
a, High power view of cross-section of mouse renal artery stained 
for AVP (x195). Note the dense innervation in the outer muscle 
layers. b, High power view of a hepatic blood vessel in the hilar 
region of rat liver (X195). Note that the innervation is highly 
localized to the vascular smooth muscle and is absent from the 
region surrounding a bile duct (arrow). Tissues were prepared and 
stained as described in Fig. 2 legend. 


Nonetheless, using antisera to avian pancreatic polypeptide, 
which cross-react with neuropeptide Y'’, we have found that a 
smaller proportion of DBH-positive cells stain for avian pan- 
creatic polypeptide than for VLP, In addition, the peripheral 
fibre distribution of immunoreactive pancreatic polypeptide is 
restricted to vascular beds, where it is less abundant than that 
of VLP-immunoreactive fibres. The only neuropeptide which 
has as wide and extensive a distribution of fibres in blood vessels 
is calcitonin gene-related peptide'', but this is apparently of 
sensory nerve origin. Significantly, calcitonin gene-related pep- 
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tide appears to have opposite effects to those of AVP'?, suggest- 
ing that peptidergic nerves may provide a dual control of 
peripheral vasculature. The antisera we used to detect VLP 
showed negligible reactivity with either neuropeptide Y or cal- 
citonin gene-related peptide. 

The peripheral release of VLP may explain why a variety of 
tissues show responses to AVP only at concentrations higher 
than are normally achieved by secretion into the bloodstream 
(see ref. 13). Furthermore, the coexistence of VLP with 
noradrenaline at sympathetic nerve terminals might provide a 
simple explanation for some non-adrenergic responses elicited 
by sympathetic nerve stimulation'*. Such responses, if they are 
due to VLP, may be conveniently identified by inhibition with 
selective V,-receptor antagonists. 
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Acidic amino acids are putative excitatory synaptic transmit- 
ters'*, the ionic mechanism of which is not well understood. 
Recent studies with selective agonists and antagonists suggest 
that neurones of the mammalian central nervous system possess 
several different receptors for acidic amino acids**, which in 
turn are coupled to separate conductance mechanisms*. N- 
methyl-D-aspartic acid (NMDA) is a selective agonist for one 
of these receptors™*. The excitatory action of amino acids acting 
at NMDA receptors is remarkably sensitive to the membrane 
potential and it has been suggested that the NMDA receptor 
is coupled to a voltage-sensitive conductance’”. Recently, 
patch-clamp experiments have shown the voltage-dependent 
block by Mg** of current flow through ion channels activated 
by L-glutamate’’. We now show using voltage-clamp experi- 
ments on mouse spinal cord neurones that the voltage-sensitivity 
ot NMDA action is greatly reduced on the withdrawal of physio- 


logical concentrations (~1 mM) of Mg** from the extracellular 
fluid. This provides further evidence that Mg** blocks inward 
current flow through ion channels linked to NMDA receptors. 

We used spinal cord neurones in dissociated cultures prepared 
from the ventral half or whole spinal cord of 13-14-day-old 
mouse embryos as described previously'':'*. After 2-4 weeks 
in culture neurones were impaled with a pair of microelectrodes 
containing 1M CsCl, and voltage-clamped'*. The recording 
medium contained (in mM): 143 NaCl, 4.8 KCI, 5 CaCl, 10 
glucose, 10 HEPES and either 0 or 1 mM MgCl, and was 
adjusted to pH 7.3; sucrose was added to match the osmolarity 
of the growth medium (325 mOsm). Spontaneous activity and 
synaptic transmission was reduced by adding 0.64M 
tetrodotoxin (TTX). NMDA (1 mM) was dissolved in bathing 
medium containing 0, 1 or 5 mM MgCl, and applied to neurones 
by pressure using pipettes with tip diameters of 1-2 nm. CdCl, 
(1 or 5mM) and MgCl, (0.5-5 mM, added iso-osmotically to 
bathing medium) were applied to individual neurones by press- 
ure using pipettes of tip diameter 4-8 um. Experiments were 
performed at 28 °C. 

Voltage recording showed that in spinal cord neurones bathed 
in medium containing Mg** the membrane potential depolariz- 
ation evoked by NMDA was accompanied by an apparent resist- 
ance increase (Fig. la). This reflects voltage-sensitivity of the 
response to NMDA, as hyperpolarizing electrotonic potentials 
used to measure the membrane resistance result in shut off of 
the voltage-sensitive conductance activated by NMDA®®. In 
contrast, when recording in Mg” -free medium, NUDA-evoked 
depolarizing responses were instead accompanied by a resistance 


decrease (Fig. 1b), as expected if NMDA acts to increase the _ 
membrane conductance to ions with a depolarized reversal — 
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Fig. 1 The apparent membrane resistance change associated with NMDA-evoked depolarizations varies with the extracellular Mg** 
concentration. a, A depolarizing response evoked by pressure application (110 ms, 1.5 p.s.i., seven pulses) of NMDA (imM)} dissolved in 
medium containing 5 mM MgCl,; note the apparent membrane resistance increase accompanying the NMDA-evoked depolarization. b, The 
response of the same neurone to pressure application (10 ms, 1 p.s.i., 11 pulses) of NMDA dissolved in medium to which no Mg** had been 
HS added; note the resistance decrease accompanying the NMDA-evoked depolarization. c, The response to a d.c. current injection, used to 
a -depolarize the membrane potential over a similar range to that occurring during the action of NMDA; note the lack of conductance change 





























in contrast to that recorded during the action of NMDA. 
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Fig. 2 Mg antagonism of NMDA responses is selective and 
_ depends on the membrane potential. a, Chart records of membrane 
currents evoked by pressure application (30 ms, 1 p.s.i.) of NMDA 
- (mM) ina spinal cord neurone voltage-clamped at holding poten- 
< tials (Va of +20mV. (NMDA currents are outward, that is, 
. upward) and —60 mV (NMDA currents are inward, that is, down- 
- ward). Pressure application (350 ms, 1.5 p.s.i., five pulses) of Mg?“ 
:{5mM MgCl) from a second micropipette reversibly antagonized 
‘inward NMDA currents recorded at ~60 mV, but had no effect 
on outward NMDA currents recorded at +20 mV. In Mg’*-free 
medium NMDA currents usually showed slow inactivation, and 
“this is the cause of the small decrease in the amplitude of the 
NMDA response recorded at +20 mV. b, Record obtained for 
_. another spinal cord neurone bathed in medium containing 10 mM 
=- tetraethylammonium chloride (to suppress outward potassium cur- 
_. Tents) showing the resistance of NMDA responses (1 mM, 1 p.s.i., 
- 100 ms) to antagonism by doses of Cd** (1 mM, 1.5 p.s.i., 200 ms, 

12 pulses) that completely blocked inward calcium currents evoked 
_by depolarizing voltage jumps (not shown). 

Methods: Spina! cord neurones were bathed in Mg?“ -free medium 
and impaled. with two microelectrodes (1M CsCl, 60-100 M12) for 
voltage clamping; membrane current was measured with a virtual 

ground circuit (3 db, 1.6 kHz; upper traces in a and b). Pressure 
_. transducers were used to measure the period of drug application 
< (lower trace in a, middle: trace in b). In b the neurone was 
_ voltage-clamped at a holding potential of —50 mV, and 30-ms 
oltage jumps to ~10 mV were used to activate voltage-sensitive. 
nward calcium currents (5 nA peak inward current). Application 
Ca** usi ing the protocol described above blocked the inward 

i such that the depolarizing voltage jump then evoked 
ilar to the inward leak current 






ibe Eon activated by NMDA ^ bero 


- physiological concentrations of Mg”. Figure 3a illustrates the 


: Methods: Records of the membrane potential of a mouse spinal cord neurone in dissociated culture bathed in Mg**-free medium, and impaled 
with a pair of microelectrodes filled with 1M CsCl. One electrode was used to record membrane potential (upper traces); the second 
tracellular microelectrode was used to inject hyperpolarizing rectangular current pulses (middle traces: virtual ground current monitor); 
these evoked electrotonic potentials used to measure membrane resistance. A pressure transducer was used to measure the timing of drug 
application (lower traces). The actual concentration of NMDA and Mg*~ at the membrane surface is unknown, but considerable dilution of 

3 the solution ejected from the pressure micropipettes is expected to occur. 


potential (for exam mple, Na* or Ca**). To investigate the origin 
of this effect of Mg*” on the nature of the conductance change 
evoked by NMDA, it was necessary to perform voltage-clamp 
experiments. 

NMDA evoked inward current (depolarizing) responses in 
all spinal cord neurones initially voltage-clamped at their resting 
potential. To study the antagonism by Mg°* of the NMDA 
response, we recorded from neurones bathed in Mg?”-free 
medium, and applied both NMDA and Mg?” to individual 
neurones (see Fig. 2a). The antagonism of NMDA responses. 
by Mg** depended closely on the membrane potential: it was. 
strong at —60 mV, but Virtually absent at +20 mVY. Thi 
antagonistic action of Mg” showed noncompetitive kineti 
that is, in the presence of Mg*” responses evoked by large dos 
of NMDA were antagonized to a greater extent than respon: 
evoked by lower doses of NMDA. Such results could be- 
explained if Mg*~ ions partially entered and blocked channels 
activated by NMDA, as the binding of Mg** would be influenced. 
by the membrane electric field. Recent single-channel recordin: 
experiments provide clear evidence for a direct action of Mg” 
on ion channels activated by L-glutamate’®, 

Experiments using intracellular recording from hippocamy 
pyramidal neurones have been interpreted to suggest. that 
NMDA activates a voltage-sensitive calcium current’. However, 
cadmium (1 and 5 mM), a potent calcium-channel blockér $; E 
was much less effective as an NMDA antagonist than Mg?" (see 
Fig. 2b). When 1 mM CdCl, was added to the recording medium 
no obvious change in the current-voltage relationship of 
responses evoked by NMDA was noted. However, in the same 
neurones for which cadmium had little effect on the response 
to NMDA, low concentrations of this potent calcium-channel 
blocker rapidly and completely blocked fast inward calcium 
currents evoked by depolarizing voltage jumps to —10 or OmV.. 
Thus, NMDA does not open the same calcium channels as those 
gated by membrane potential alone. This result also indicates 
considerable specificity of the divalent cation-binding site linked’ 
to the NMDA-activated channel, with Cd*~ having less affinity 
than Mg”. BEN 

The yoltage-dependent. blocking action. of NMDA responses 
by Mg”* is sufficient to explain the negative sk N 
current-voltage relationship 
























in media containing 


voltage dependence of the NMDA-evoked current recorded in 
medium containing 1 mM MgCl. The current-voltage relati 
ship of the NMDA- response has a ane slope ove 
potential range —70 to —35 cating that the 























3 ‘Véltage-depeadence: of: 
DA responses recorded in spinal 
rd neurones with and without addi- 
“tion. ‘of Mg** to the extracellular | 
medium. a, b, Current-voltage plots 
of the peak amplitude of NMDA cur- 
rent responses, evoked by pressure 
application of amino acid to voltage- 
clamped spinal cord neurones, plot- -90 
ted against the holding potential. HOLDING POTENTIAL 
_ Each point is the mean of two | 
responses. a, Obtained from a- 
cos) neurone bathed in medium contain- 
jing TmM Mg**; note the negative 
“slope of the graph between —35 and 
- —%?5mV which indicates voltage _ 
“sensitivity of the NMDA response b, — 












Obtained from a neurone: bathed: in C 
medium to which no Mg?” was m 
a added; ‘note that the slope is nositive E 
sato ii membrane Aseen The ò 
A 
p 
Y 
y trace amounts of Mg: * due to v 
incomplete exchange of the © Mg?” o 
-containing growth medium; addi- 9 
> tional sources of Mg?* a v — ee 
- tion may include binding of Mg?* eae, PAG ES” ae TIE we 
neuronal membranes, and leakage of MEMBRANE POTENTIAL 


Mg”* from the interior of cells. It is 


also possible that Ca?” has a weak Mg”*-like effect. c, d, Chord conductance-voltage plots of the NMDA responses in a and b, respectively. 
Note the strong outward rectification of the conductance activated by NMDA in medium containing 1 mM MgCl: the rectification ratio of 
the conductance at +20 mV divided by that at -70 mV is 12.2. In Mg**-free medium the NMDA-activated conductance is considerably less 
__-voltage~-sensitive, and the rectification ratio recorded over the same membrane potential range is only 2.6. 
AN Methods: Neurones: were eee comet as described in Fig. 2 legend and NMDA responses recorded as the membrane seh was 







ac ‘the peak 7 al evoked by NMDA creed 
y as the membrane was hyperpolarized over the potential 
ss ~40 to —70 mV ise Fig. 1. Thus, removal of Me 
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— -block ion channels linked to NMDA receptors. As the block i 
- — voltage-dependent it seems probable that magnesium ions enter. 
the channel: and ‘sense. the m suber. ch electric field. Chane 
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: Colour vision depends on the wavelength-dependent absorptions 
of three different photolabile pigments each located in a particular 
| type of retinal cone. The spectral absorption of primate cones has 
_ been examined by microspectrophotometry'~’, but this method 
ae gives information only at wavelengths where the absorption is 

_ relatively strong. Here we have analysed the absorption of two of 
the cones over a wider range of wavelengths by recording their 
, lectrical 1 eeponees t te en light. The observations were 






























decline. more . rapidly than that of the green. This behaviour, 
attributable to the cone pigment molecules themselves, explains 
e paradoxical hue shift’, in which a light of very long wavelength 
perceived to be identical to a light of shorter wavelength. 
lass suction electrode was used to record photocurrent 
a single cone outer segment projecting from a chopped 
of retina'':'?. The recording chamber was continuously 
ed with: bicarbonate- buffered Locke’s solution equili- 
ited with 95% O,, 5% CO,, and the fluid in the chamber kept 
‘near 37 °C. Light stimuli were made ‘monochromatic’ by interfer- 
‘ence filters of half bandwidth 10 nm. Flash- strength was varied 
-by a calibrated series of neutral density filters, and the unattenu- 
ted flux density at each wavelength was determined at the end 
each day. Spectral sensitivity (the reciprocal of the flash 
oton density required to evoke a response of constant ampli- 
le) was determined by the method of Naka and Rushton”, 
prevent errors resulting from progressive bleaching or move- 
nt of the cell in the electrode, the sensitivity at each 
velength was measured between runs at 500 nm and expressed 
ative to the average value at 500 nm. Roughly 1,000 flashes 
re delivered while determining the entire spectral sensitivity 
a period of about ! h. The light was applied to the outer 
ent transverse to its long axis. Because of the short path 
for: transverse incidence, self-screening of the pigment 
neglected and measured sensitivity should be propor- 
he molecular extinction coefficient of the pigment in 














ay responses a a red cone. and Fig. 1b a similar family 
from a green cone. Flash strengths were increased by factors of 
abour two. The a ia were diphasic, with the recovery 






Wavelength (nm) 


400 500 600 = 700800 


log, sensitivity 





as 


co acces rane cee each naa (Raat 


| 

d 

| 

Reed eevee: Seen 

Fig. 2 Collected spectral sensitivities from seven cones. Open 

symbols, red cones, closed symbols, green. Lines drawn to connect 

each set of points. Curves positioned vertically to minimize the 

difference between curves in each population and to give a 

maximum near log S=0. Sensitivity determined as described in 

text. Results from two male monkeys. One red cone was from the 
foveal region, all others from the peripheral retina. 















phase marked by an underswing. The time to peak of the average’. 
response to a dim flash was 60-100 ms in six of the seven cells. 
studied, while in one unusually slow green cone it was 150 ms 
The small sample of cells provided no evidence for a systematic. 
difference between the kinetics of the responses of red and green. 
cones. The cone responses were, however, two to three times - 
faster than those recorded from single rods in similar prepar- 
ations from this species'*. As expected from the principle -o 
univariance’’, the waveforms of a cone’s responses to any two 
monochromatic lights were identical when the light intensiti 
were adjusted to give responses of equal amplitude. 
Spectral sensitivity curves from seven cells are plotted in Fi 
2. There was no pre-selection of data; a cell was studied if | 
gave large responses and did not have the physiological charag 0 
teristics of a rod'”. The results fell into two groups with spectral 
maxima at roughly 540 nm (green cones) and 570nm (red). o 
Microspectrophotometry has given values near 535 and 567 nm 
for the average peak absorption of these two types of cones in. 
Macaca fascicularis** "and similar values (531, 558 nm) in human 
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Fig. 3 Averages of logio spectral sensitivities from the four red and three green cones of Fig. 2, plotted on a wavenumber scale. Solid cue 
drawn according to estimates by Estevez” of the relative spectral absorption of red and green cone pigments in humans. Each set of- pol 
positioned on the vertical scale to best fit the curves, which have maxima at 1.79 pm”! (560 nm) in a and at 1.85 pm”! (540 nm) in. b. 


cones’. Blue cones have not been encountered in the present Wavenumber (pm`}) 

work. From curves of averaged sensitivity, the spectral band- 135 £40 

widths at half height were estimated as 0.37+0.2 um”! (red) - — 
and 0.41 +0.2 m7’ (green); these values are comparable to 
i those obtained by microspectrophotometry on cones of the same 
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°T ne averaged spectral sensitivities of the red and green cones 
are plotted on a wavenumber scale in. Fig. 3. The continuous 
eae derived a Spena a K: bsorp j tions a red and green 






logio sensitivity 
PN 


ye. ee 3 ies by Smith and 
o fit c our measurements as 5 well 





Wavelength (nm Í 


Fig. 4 Decline of sensitivity at low wavenumber. Long. w 
length points from Fig. 2 replotted on a wavenumber sca 
results from each cell i denated opr Sage Lines 






isochromes. This suggests that the ea theo 
result in a simple way from the characteristics of absorption | 
weave ee the cone pigment molecules. | 
= oA ‘pigment mole taktas We thank Mr Mark Siegel and Drs Carolynn Reed, Ma 
ile the pigment molecules are skin, Helga Kolb, Walter Makous and Carla Shatz for 4 
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Note added in proof: O. Estevez has informed v 
~ protanopic confusion loci on which his calcu tion: 
_. are printed incorrectly in ref. 15 (p, a 
read 7 Toe = l .0381 and Spe ~0. 0.0388, ey A 
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alcium channels are found in the presynaptic terminals of 
neurones, where they have a key role in synaptic transmission’. 
tey are also found i in the somata of many cells’, in dendrites? 
and along a few axons™*, In no cell is the actual distribution of 
these channels known in detail, because there are no known 
-toxins or other agents suitable for labelling calcium channels, 
and the current through these channels is usually too small to 
be quantified with extracellular electrodes. However, several 
experiments have suggested that the density of the channels is 
ess in the axon than in the cell body or terminal region®*. 
Here we have used the indicator dye Arsenazo Il in conjunction 
with an array of photodetectors to examine the spatial influx 
calcium in the presynaptic terminal region of the giant bar- 
le, Balanus nubilus. In these cells, calcium entry occurs in 
stricted region less than 50 pm in length, which corresponds 
sely to the region of synaptic contact with second-order cells. 
Outside this area the magnitude of calcium entry is reduced at 
east 50-fold. With reasonable assumptions it follows that the 
‘alcium channel density is equally localized. In addition, we 
_. demonstrate that these cells have a calcium-activated potassium 
_ conductance. Since calcium entry is restricted to the synaptic 
zone, this conductance must be effective only in this region. 
Optical experiments using the calcium indicator dye Arsenazo 
-CIT can show changes in cytoplasmic calcium concentration due 
_ to opening of calcium channels’. Because calcium i ion diffusion 
within the cytoplasm is slow (D = 3x 1077 cm? s~!)!° the chan- 
nels must be located close to the site of calcium concentration 
nerease. We have used an array of photodetectors? 1? with a 
spatial resolution of 25 xm in the plane of the preparation to 
measure simultaneously the magnitude and time-course of cal- 
cium transients at many positions. Previous experiments have 
used a single detector and only one looked for the extent of 
__ calcium entry: Miledi and Parker'*, recording successively from 
_. two positions in the squid presynaptic terminal with a resolution 
__ of 500 pm, showed that calcium entry was greater at the synapse 
han at a position away from this region. 
e photoreceptors of the giant barnacle are well suited for 
idy of ca cium ease 1005 From the ocellus each 
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Fig.1 Photoreceptor axon and terminal region filled with Lucifer 
yellow and photographed with fluorescence optics. The preparation 
has been fixed and cleared. The dimmer masses on each side of 
the terminals are the two hemi-ganglia of the supraoesophageal 
ganglion. The microelectrode for injecting Arsenazo II] and 
Lucifer yellow was inserted in the axon at a point near the top of 
the figure. The scale bar represents 150 um, which is also the 
diameter of the field sensed by the 32 elements of the photodiode 
array. 


much smaller than the squid giant synapse. The axon can be 
impaled along its length but the synaptic zones are too small 
for intracellular recording'*. 

In normal physiological saline (461 mM NaCl, 8 mM KCl, 

20 mM CaCl, 12 mM MgCl, 5 mM HEPES, pH 7.6) the 

receptor potential is conducted decrementally to the synapse. 

In saline containing =5 mM tetraethylammonium (TEA), a 

depolarizing potential will generate a calcium-dependent action — oa 
potential followed by an after-hyperpolarization lasting several 
seconds’. In experiments with two microelectrodes in the axon. 
the amplitude of both the action potential and the undershoo 
were found to be larger when recorded from the electrode closer 
to the terminal, suggesting that the calcium channels might t 
more concentrated in the terminal region’. Pharmacologica 
experiments gave further evidence that there were more ch 
nels in the terminal but did not improve the spatial resolutior 

For our experiments the photoreceptor axon was impaled 

near the bifurcation with an electrode containing 75 ml 
Arsenazo IHI (Sigma, 8891). The dye was iontophoresed i 
the axon and allowed to diffuse for 15 min into the fine presyna 
tic terminals in each hemi-ganglion. The terminal region. w: 
imaged onto a square array of 32 photodiodes. In response to ¢ ae 
depolarization produced by a brief light flash or electrically ENE 
via the microelectrode, an absorbance increase at 660 nm was o =i 
detected by photodiodes positioned over each terminal, The 
absorbance changes had a biphasic action spectrum consistent 
with an increase in ionized calcium interacting with the dye**. 
In other experiments the absorbance changes were completely 
eliminated when the 20 mM Ca?" in the saline was replaced 
with 2 mM Ca**+18 mM Co** or when 30 mM CoCl, was 
added to the saline. The same solutions also block the calcium- 
dependent action potential which can be elicited when TEA is 
added to the saline. These observations suggest that the absorb- 
ance changes are caused by calcium entering through membrane 
channels which have a a pharmacol ogy typical of other voltage- 
sensitive calcium channels?’ 

Figure 2 shows the change i in absorbance at 660 nm detected 
by each of 32 elements of the hotodiode: array. The signals o 
have been placed over the outli of ) 
of the terminal which was filled with 









located over the final 50 pm. of the. ti 

with a signal-to-noise ratio of greater th 
declined by a factor of 10 withi 
signal was detected above 















Fig 2 Spatial distribution of Arsenazo III absorbance changes 
in the photoreceptor presynaptic terminal region. The stippled 
area traces the outline of the presynaptic terminal determined 
from a photograph of the live Lucifer yellow-filled photoreceptor. 
The heavy lines are the boundary of the ganglion. Each trace shows 
the stimulus-induced change in light intensity detected by a photo- 
diode element. Fifty sweeps were averaged. The change in absorb- 
ance AA is proportional to AJ/J as long as the dye does not absorb 

a significant fraction of the incident light, as was true for these 
experiments. The photoreceptor was stimulated with 250-ms 
depolarizing pulses through the same microelectrode used to 
jontophorese dye into the cell. Note that the absorbance increases 
“during the stimulus pulse and declines to baseline with a time 
constant of about 1.5 s, more than five times faster than that 
easured at the presynaptic terminal of the squid giant synapse** 

Methods: To make these measurements, the ganglion was imaged 
j the. photodiode array using a X40 water-immersion lens 
, = 0.75). The incident wavelength was selected with interfer- 
mice filters having a bandwidth of 30 nm. The current output of 






























ing ‘bore a single loc 
__ In five of six experim 
the grid elements, we found that the calcium signals were 
similarly localized to a 25-50 pm region at the end of the 
presynaptic process. This corresponds closely to the region of 
contact with the second-order cells determined anatomically’. 

In one experiment the zone of calcium entry extended over 100 
pm. This may indicate that some calcium channels exist outside 
the synaptic zone. ‘A more likely explanation i is that the synaptic 
one itself is larger than 50 um: in some preparations. The 
synaptic arborization shown in Fig. 1 is an example of a cell 
ith a larger than average arborisation. It is unlikely that the 
absence of signals over the region away from the terminal is 




















tophoretic i injection of calcium | te 
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ts made using the 25-um spacing of 


due to unsusually high buffering. of calcium because direct ion- 
A Kons ey filled with- 
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Fig.3 Comparison of the time course of the undershoot following 
a depolarizing pulse (stippled area) with the simultaneously ` 
measured change in absorbance of Arsenazo III. The signal from > 
one of the photodiodes located over the terminal region has been 
inverted and scaled to make the two curves coincide at the time | 
when the potential undershoot is largest. The peak of the calcium _ 
signal coincides with the end of the depolarizing pulse. However, - 
the peak of the undershoot is not detected at the electrode until 
about 100 ms later because of the time and space constants of the. 
cell. The magnitude of the depolarizing pulse was not determined; 
bridge stimulation was used. Ten sweeps were averaged. 



































since the dye is injected several hundred micrometres from the 
terminal) and that the absorbance change is proportional to the - 
amount of calcium entry (as shown directly by Miledi and Parker | 
at the squid synapse'3), it follows that the intensity change ` 
detected by each photodiode element is proportional to the- 
amount of calcium entering the cell in the image plane of each 
element. Since the calcium enters through voltage-sensitive 
channels and the terminal is uniformly depolarized by the elec- 
trode, the signal size is proportional to the number of calcium 
channels. This proportionality can be extended to channel 
density if the amount of membrane is the same under each g 
element. For this synapse, an examination of photograp! 
cells filled with Lucifer yellow indicates that there is prob: 
less membrane area per grid element at the synapse than ov 
the axon. Making the conservative assumption of equality, w 
conclude that the density of calcium channels in the terminal is 
at least 50 times higher than in the axon. This restricted distribt 
tion of calcium channels is reminiscent of the localization. of 
acetylcholine receptor channels on the postsynaptic membran 
of the neuromuscular junction’ 
The undershoot following a calcium- -dependent action pote 
tial elicited in TEA saline has a reversal potential dependent 
on external potassium concentration and a magnitude dependent 
on external calcium concentration’’, suggesting that it is caused 
by a calcium-activated potassium conductance. Further evidence 
for this conclusion comes from a comparison between the 
Arsenazo IHI signal and the undershoot elicited witha depolariz- 
ing pulse in normal saline (Fig. 3). After the first 100 ms 
following the depolarizing pulse the potential returns to baseline 
with the same time course as the reduction in intracellular 
calcium. Because the voltage is always far from the potassium 
equilibrium potential, the conductance change also follows the 
time course of the intracellular calcium concentration chi 
This correspondence is expected if the average calci 
centration in the terminal parallels the concentration: 
under the membrane where the conductance is control 
have modelled the diffusion of calcium within volumes 
of the photoreceptor terminal using the methods of Z 
sane ee T he time to > reach 90 0 o of the equilibri m af 
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potassium channels themselves may have a wider distribution, 
-but those away from the terminal are not activated. + 
-This work was supported in part by USPHS grant NS 16295, 
= NRSA Fellowship NS 07172, and the Irma T. Hirschi 
_. Foundation. 
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oshikami and Hagins' first suggested that calcium is sequestered 
ithin membranous disks in the outer segments of vertebrate rods 
nd that the bleaching of visual pigment molecules by light causes 
ie release of Ca from the disks. Once released, the Ca was 

tulated to bind to Na* channels or carrier molecules in the 
asma membrane to produce the electrical response. This theory, 
_ termed the ‘calcium hypothesis’, is supported by much evidence?" 
_ but remains controversial, largely because of the difficulty in 
measuring calcium in rods and of demonstrating light-induced 
_ Felease®'*. Here we describe direct measurements of total rod Ca 
__ using a new microprobe method, called laser micro-mass analysis, 
_ or LAMMA. Using this technique, we show that rods contain large 
amounts of Ca concentrated in thei 













ght and were placed photoreceptors 

ipore filter. In the experiments of Figs 1-3, 
ired only for dark-adapted rods, the dissec- 
y shock-frozen and processed as 

the experiments of Fig. 4, where 
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Fig. 1 Morphology and fine structure of rods prepared for 
LAMMA measurements. a, Low-power electronmicrograph of rods 
showing the holes produced by the high-energy laser of the 
LAMMA apparatus. OS, outer segment: E, ellipsoid region con- 
taining mitochondria; N, nucleus. b, High-power electronmicro- 
graph taken from the distal half of the outer segment, Note th 
fibrillar-like densities between the disks, and the fibrillar conne 
tions between the disks and the plasma membrane (arrows; § 
refs 20, 21). c, Calibration of Ca content (see ref. 16). A 600-mesh 
electron microscope grid was placed directly on top of a sectio 
of retina. The section was placed, together with pellets of CaF. 
in a vacuum beam evaporator at a pressure of <10-° mbar. A filr 
of CaF, was then deposited through the holes of the electro 
microscope grid onto the outer segments to produce a checker 
board-like pattern across the section. The thickness of the film was 
measured with a quartz crystal monitor (Balzers, QSG, 2010), which: 
in turn was calibrated by weighing a series of standard films on ae OLR 
microbalance. Ea 
Methods; The tissue was prepared by rapid immersion in melting: 
Freon at —150 °C and then in liquid N,. In this figure and in most 
other experiments the frozen pieces were then transferred to vials - 
containing dry acetone and 0.5% OsO, at -194 °C and were slowly 
warmed over the course of several days to permit the acetone 
gradually to replace the water in the tissue. In a few cases (for. 
example, Fig. 2), the water in the tissue was removed by freeze- 
drying below ~75 °C at 10°°~107" mbar for 2 days. The tissue was 
embedded in an Epon—Araldite mixture and sectioned at a thick. 

ness of 0.5 um on a Reichert Ultracut ultramicrotome. 


the rods were exposed to light, we first measured the elec- < 
troretinogram from the isolated retina as a control for the ight 

sensitivity of the preparation. We then sliced each retina into 
eight wedge-shaped pieces. One of these was immediately pro- 
cessed as a control, and the others were exposed to oxygenated. 
Ringer's in darkness and in light for specified periods of tim 
Heraeus, Köln, FRG). Ace iple 






















g a LA MA- 




















E Pi 
Al N Aender 
36 


mn 


35 





2 LAMMA spectrum obtained for a dark-adapted rod outer 
gment. The spectrum was obtained from a retina shock-frozen 
mediately after the dissection and freeze-dried (see Fig. ! 
legend). Spectra obtained from rods prepared by freeze-substitu- 
È tion were similar. 


a low-power He-Ne laser and a high-power Nd:YAG pulse 
laser, which are colinear. The tissue sections (usually supported 
on an electron microscope grid) are placed in a vacuum chamber 
on the stage of a light microscope. The stage is moved to position 
the low-power laser over a region of interest, and the high-power 
laser is then activated to vaporize a small area l-5 pm in 
diameter. Ions formed during the vaporization are accelerated 
_ into the field of an electromagnetic lens and analysed with a 
- time-of-flight mass spectrometer. 
Figure la illustrates the typical appearance of shock-frozen 
ollowing sectioning and analysis of Ca content. The holes 
rod were produced by the high-energy laser of the 
MMaA apparatus. Preservation of the tissue was best in the 
istal half of the outer segment, as this was directly exposed to 
freezing medium (see Fig. 16). In the proximal outer segment 
th epment there was evidence of structural 





plasma. reduced from the tissue by the ice -energy laser con- 
ain: almost exclusively singly-charged particles'®, the m/e 
; atios i in the spectrum give the atomic weights of the analysed 
ee — ie peaks for Na, K ang the various isotopes 
ly identified, although we cannot, with the 
used, quantify the concentration of these 











| the less common “Ca (2% natural 











Bundancy). ‘ 3 
_. To relate the amplitude of the “Ca signal to the actual 
_ concentration of Ca within the rod, we vacuum-deposited a thin 
film of CaF, directly onto the tissue section’®, as described in 
Fig. 1 legend. The ratio of the LAMMA signals from rods 
covered by the thin film and from rods not covered by the film, 

| ed from cells i in the same © section, was used to determine 







. um-evaporating ITTO, on both sides of the section. The 
sec ction was then re- -embedded, — at an oblique angle, 

cope. The calibration pro- 
s€ ve of retinae from 













; There i is also a prominent peak for “Ca 
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Position of Measurement 


Fig. 3 Distribution of Ca content as a function of distance down >. . 
the rod. For the outer segment (positions !~7), seven equally-spaced 

measurements were made from each of 30 dark-adapted rods. The 
area within the ““Ca peak at each position was then calculated on’ 
a computer after background substraction. The values for each of o 
the 30 rods were averaged, and the means (+s.d.) were expressed 
as a percentage of the value at position |. For the inner segment, 
separate measurements were made in each of seven dark-adapted 
rods for the ellipsoid (position 8), the cytoplasm between the- 
ellipsoid and the nucleus {position 9) and for the nucleus (position - 
10). Means (+5.d.) of the “Ca signals are expressed as a percentage S 
of the mean “Ca signal obtained at position | in the outer segment.: 
At positions 9 and !0, the Ca was below the limit of detection © 9 

our method (50 pmol 17’). 



































As the LAMMA can produce holes that are only a few pm 
in diameter (see Fig. 1a), we used this technique to investigate 
differences in Ca content between different regions of the rod. 
These measurements (Fig. 3) show that most of the Ca in the 
rod (>95%) is concentrated within the outer segment. We could 
detect no significant variation in Ca content along the outer 
segment, despite large differences in the preservation of the 
tissue. In the inner segment, Ca could be detected only i int 
mitochondrial-rich ellipsoid region (250-500 mol 1”'). The 
decrease in Ca in the inner segment could conceivably have 
been caused by ice crystal damage in this region. However, we 
could see no obvious difference in preservation between. t 
innermost outer segment (position 7 in Fig. 3) and the outerm 
inner segment (position 8), even though the Ca content chan 
dramatically here in every rod we examined. E 

Figure 4 shows the effect of light on the Ca content 
rod outer segment. To distinguish efflux from influx in 
experiments, we bathed the retinae in Ringer’s in which i 
normal CaCl, was replaced by “*CaCl,. In darkness, the *” 
concentration (@) of the rod outer segment slowly decreas 
and the “*Ca content () slowly increased. These results sugge 
that, in the dark, “Ca in the Ringer’s slowly exchanges. wi 
3Ca inside the rod. As, however, the decrease in ““Ca appears 
not to be entirely compensated by the increase in “Ca, sor 
Ca may also be lost from the rods, perhaps through a gradua 
deterioration of our isolated retina preparation. : 

In continuous dim light (68 rhodopsins bleached (Rh*) per 
rod per s), the rate of decrease of “Ca was about three times | 
greater than in the dark. After subtracting the ‘dark efflux’, the 
light-induced efflux at this intensity was calculated to be ~g: LXO 
10° Ca atoms per rod per s, or ~10° Ca atoms per Rh*; thisis _ 
in close agreement with the value of the light-induced increase — 
in extracellular Ca measured in toad retina using calcium: elec- 
trodes'ë. As the light intensity was increased, the rate of MC; 
efflux increased. At the brightest intensity we used (10° Rh* 
rod per s), the efflux was at least 3x10’ Ca ator 
per s. This is 100 times larger than the efflux in dar 

We could detect no effect of pesos on the t rate 
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ee Fig. å Effect of light on the Ca content of the rod outer segment. 
The bars represent | s.d. Each symbol represents a different isotope 

f experimentat condition: ©, Ca—dark; @, “Ca—dark. The light 
ntensities used for “Ca were: 68 Rh* per rod per s ©, 8.1 x10° 
er rod pers © and 10° Rh* per rod per s A; and for “Ca: 
th’ Per rod per s ©. Illumination was continuous. 

ds: The retina, attached to a Millipore filter, was cut into 
t wedge-shaped pieces. One piece was processed immediately 
“as a control. The other pieces were fixed to plates of dental wax 
“with insect pins and placed in 35-mm Petri dishes containing 
oxygenated Ringer’s of the following composition (in mmol |~'): 
106 NaCl, 2.5 KCl, 0.13 NaHCO, 1.5 MgCl, 1.8 “CaCl, 5.6 
glucose, and 3.0 HEPES at pH 7.8. “CaCl, was taken from a stock 
solution prepared by dissolving “CaCO, (99% pure; Rohstoffein- 
hr, Dusseldorf, FRG) in HCI. The data point at time zero is a 
tol value determined from all retinas used in this figure, 
pressed as 100%. Other data points give the mean Ca content 
pressed as a percentage of the control at 1, 5, 15, 30 and 60 min, 
each of the experimental conditions. The mean Ca content was 
iculated from 40 outer segments: 10 measurements were made 
“for each of four pieces of tissue, each from a different retina. The 
light stimulus was a continuous 503-nm field ~50 nm in diameter. 
Intensity within the field was uniform within +10%. Absolute 
=- values of intensities were measured and numbers of rhodopsins 
w bleached calculated as described in ref. 22. 





bright light, one-half to two-thirds of the total Ca in the outer 
segment disappeared within a few minutes. The remaining one- 
hird to one-half appeared to be unaffected by illumination for 
long as our measurements were continued. 

The results presented here show that rods in the intact retina 
ontain large amounts of Ca within their outer segments. In the 
rk, Ca in the rod exchanges slowly with Ca in the external 
dium. As the permeability of the plasma membrane to Ca 
“ms not to be limiting (W.H.S. and G.L.F., in preparation), 
ow rate of exchange may indicate that Ca i is sequestered 
} an intracellular compartment, perhaps the disks. 
posure to light causes as much as half of this Ca to be released, 
st to be transported out of the rod apparently by Na-Ca 
xchange’*''?. However, as much as 5% of the Ca released from 
he outer segment accumulates within the mitochondria of the 
inner segment'’, suggesting that light. increases the free Ca 
concentration within the rod. Our results are therefi ore consistent 
withthe principal postulates of the Ca hypothesis’. In addition, 
pels show that once Ca has left the rod, it is not dati 


of ‘Ca and the te th of photoreceptor sensitivity adda see 
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The receptor for epidermal growth factor (EGF) has been identified: 
as a transmembrane glycoprotein that has tyrosine-specific kinase 
activity’. The kinase activity of the receptor is enhanced in the- 
presence of EGF (or related peptides), and the phosphorylation — 
of a number of substrates, as well as autophosphorylation of the- 
receptor, has been reported’. Analogous findings have been- 
described for the insulin receptor and the receptor for platelet- 
derived growth factor (PDGF)*. Thus, a number of hormone recep- 
tors and several viral transforming proteins’ appear to share the - 
highly unusual property of tyrosine-specific kinase activit 
Nevertheless, the specific relationship between tyrosine kin: 
activity and the contro! of cell growth and replication is unkno 
It is known that after the initial binding of EGF to the plasm 

membrane, the hormone together with its receptor is rapidly inter 
nalized in endocytic vesicles and the hormone is eventua 
degraded in lysosomes“, It is possible that the function of EGF is > 
simply to stimulate internalization of its receptor, and that as a 
result of its altered location the receptor is able to phosphorylate 
a cytoplasmic component or even interact directly with a nuclear - 
component. We now report that the purified receptor for EGF is 
able to interact with and nick supercoiled double-stranded DNA 
in an ATP-stimulated manner. 

The receptor for EGF was isolated from membrane ee x 
of A-431 cells". The final purification steps involved EGF-Afii. 
Gel chromatography, wheat germ  lectin-Sepharose . 
chromatography and DNA cellulose chromatography. Figure. 
ic displays a silver stained 10% SDS-polyacrylamide gel of- 
purified 150,000~170,000 molecular weight (MW) (lane 1) and- 
150,000 MW (lane 2) receptor preparations isolated from A-431 
cells. Incubation of the EGF receptor with supercoiled pBR322 



































DNA. This conversion is ATP- dependent. Assays of equivalent 
aliquots from each step in this purification are shown in Fi 
ta. Both the kinase activity and the DNA nicking activity 
purify during the EGF-Affi Gel, wheat germ lectin-Sep! 


and DNA cellulose purification steps ‘The purified EGF 








Fig.l Agarose gel electrophoresis of pBR322 plasmid DNA after 
incubation with the EGF receptor in the presence or absence of 
SSATP: a, Interaction of supercoiled pBR322 DNA (form D with 
various preparations of the EGF receptor, Lane 1, 0.8 pg of form 
- <P DNA; lanes 2 and 3, 0.8 wg of form I DNA. incubated with wheat 
oi germ lectin purified EGF receptor in the absence (lane 2) or 
“opresence (lane 3) of 5mM ATP; lanes 4 and 5, 0.8 pg of form I 
COC DNA incubated with wheat germ lectin purified EGF receptor 
oo passed through single-stranded DNA agarose in the absence (lane 
4) or presence (lane 5) of 5 mM ATP; lanes 6 and 7, 0.8 ug of form 
O | DNA incubated with wheat germ lectin purified EGF receptor 
passed through double-stranded DNA cellulose in the absence 
(lane 6) or presence (lane 7) of 5 mM ATP. b, Interaction of partially 
relaxed preparations of pBR322 (topoisomerase I-treated pBR322 
DNA) with the EGF receptor. Lane 1, 0.8 ug of enzymatically 
relaxed pBR322 DNA; lanes 2-4, 0.8 ug of relaxed pBR322 DNA 
incubated with the EGF receptor in the absence of ATP (lane 2), 
the presence of 5 mM ATP (lane 3), or the presence of 5 mM AMP 
(lane 4). e Silver stained 10% SD5-polyacrylamide gel of the 
170,000 150,000 MW (lane 1) and 150,000 MW (lane 2) EGF recep- 
7 tor preparations purified by EGF Affi-Gel, wheat germ lectin- 
co Sepharose and DNA-cellulose chromatography. 
Methods: Agarose gel electrophoresis was performed in 40 mM 
cetate, pH 7. 9, 20 mM sodium acetate at room temperature 
2h at 3 Vem '. The 0.8% agarose gel (a) and 1.0% agarose 
oE (b) were stained with ethidium. bromide and photographed 
with UV illumination. ‘The preparation of A-431 membrane vesicles 
and subsequent EGF Gel. purification of the EGF receptor 
: 4 tet, The EGF Affi-Gel purified receptor 
germ lectin-Sepharose column and the 
‘receptor was eluted with 3mM_ NON, NY ,-triacetylchitotriose 
| ssentially as described for the mouse liver EGF receptor’, DNA- 
cellulose (P-L Biochemicals) chromatography and single-stranded 
= DNA agarose (BRL) chromatography of the wheat germ lectin 
‘purified receptor were performed in buffer comprising 0.2% Triton, 
10%: glycerol, 20 mM HEPES, pH 7.4 and 2mM MgCl. Approxi- 
. < mately one bed volume of wheat germ lectin purified receptor was 
<o added to the DNA matrix and adsorption was allowed to take 
place 30 min on ice with stirring. The receptor preparation did not. 
bind to either matrix. (These DNA columns were used in an attempt 
-oo to-remove any trace nuclease contamination.) The conversion of 
--$upercoiled (form DNA) to nicked DNA (form Il DNA) was 
carried out. in 20m EPES, pH7.4, 5mM MgCl, and á mM. 
CATP in a reaction volume of 30 ul. The reaction was terminated 
© either by the addition of SDS (2% ) or by phenol extraction followed 
 oby ethanol precipitation. The amount of purified receptor added 
| per reaction mixture varied from 0,2 pg to 0.8 pg. The conversion 
oo of form I DNA to farm HH DNA, however, can be detected with 
as little as 0.02 4g of purified receptor. In all the experiments 
described here, incubation was allowed to proceed for 25 min at 
2 o rom temperature: and: unless specified otherwise the. receptor 
preparation was purified by both wheat germ lectin~Sepharose 
-= chromatography and single-stranded DNA agarose chromatogra- 
> phy. pBR322 plasmid DNA (derived from Escherichia coli strain 
| NH 7007) was purified by Sephacryl S-1000 chromatography fol- 
ved by caesium chloride buoyant density centrifugation’. ‘Wheat 
m n I pina Biotec) was used to partially relax 
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_ kinase activity of the receptor’. 


a DNA was examined by incubating the EGF receptor, 
sai presence or absence of ATP, with a variety ofon 
o- substrates and examining the reaction products by agar 
i: electrophoresis. n 





= DNA to form II DNA is not specific for pBR3. XE 
< DNA (Fig. 2, lanes 1-3), simi rus 40 (SV4 A 

z. 16, tanes 7-9), and PM2 DD 
similar to pBR322 DNA 
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Fig.2 Specificity of the EGF receptor-DNA interaction. Purified 
EGF receptor was incubated with different DNA templates in the 
presence or absence of ATP and the DNA products were analysed 
by agarose gel electrophoresis. Lanes 1-3, @X174 RFI DNA 
(0.75 ug) was incubated in the absence of the EGF receptor (lane 
I), or in the presence of EGF receptor without (lane 2) or with 
(lane 3) 5mM ATP: lanes 4-6, plasmid pBR322 DNA (0.3 ug) 
incubated in the absence of the EGF receptor (lane 4), or in the 
presence of EGF receptor without (lane 5) or with (lane 6) ATP; 
lanes 7-9, supercoiled SV40 DNA (0.9 pg) incubated in the absence 
of receptor (lane 7) or in the presence of receptor without (lane 8) 
or with (lane 9) ATP; lanes 10-12, DX174 single-stranded (+) 
DNA incubated in the absence of receptor (lane 10), or in the 
presence of receptor without (lane 11} or with (lane 12) ATP: lanes | 
13--15, a Hindi digest of DNA (1.8 pg) incubated in the absence 
of receptor (lane 13) or in the presence of receptor without (lane 
14) or with (lane 15) ATP; lanes 16-18, EcoRI digest of pBR322_ | 
(0.6 ug} incubated in the absence of receptor (lane 16) or in the. 
presence of receptor without (lane 17) or with (lane 18) ATP. Wher 
indicated, the DNA was digested to completion by the appropriat 
restriction enzyme (New England Biolabs), phenol extracted. and: 
ethanol precipitated prior to addition to the reaction mixture. The 
DNA products were fractionated on a 1% agarose gel. 
















The ATP-dependent conversion of supercoiled (form 1) oS 
pBR322 to form II is observed when either the | 
170,000/ 150,000 MW receptor preparations or the 150,000 MW- 


- proteolytic cleavage product of the native 170,000 MW A-431 Ae 


EGF receptor is utilized in the reaction mixture. Both the — 
170,000 MW and the 150,000 MW forms of the receptor have 
been shown to possess binding activity for EGF and EGF- 
stimulated tyrosine-specific kinase activity. The 170,000 MW 
EGF receptor isolated from normal mouse liver® also possesses. 
the ATP-dependent nicking activity for form 1 pBR322 DNA | 
(data not shown). It is of interest that in these assay conditions: 
the activity is not significantly altered by the addition of EGF 
to the reaction mixture; in contrast, EGF enhances the tyrosine - S 













The specificity of the interaction of the EGF receptor | vith 


‘As illustrated: in. Fig. 2, the conversion | of form r plasmi 















g. 3 “Nücleoüide preference dad Kea stability of the | 
EGF receptor-associated DNA-relaxing activity. a, Plas- 
omid pBR322 was incubated with the EGF receptor in 
standard assay conditions (see Fig. 1) in the presence of 
-various nucleotides. Lanes | and 8, pBR322 DNA (0.8 jg) 
incubated without EGF receptor; lanes 2-16, pBR322 
DNA (0.8 wg) incubated with the EGF receptor in the 
Absence of nucleotide Ganes 2 and 9) or with 5 mM ATP 
(lane 3), 5mM dATP (lane 4), 5mM 5'-AMP-PNP (lane IE 
5} 5mM dAMP (ane 6), 5mM ADP (lane 7}, 5 mM TTP 
(lane 10), 35 mM CTP (lane 11), 5 mM UTP (lane 12), 5 mM 
“GTP (lane 13), 20mM GTP (lane 14), 5mM dGTP (lane 
t5} and 20 mM dGTP (lane 16). b, Heat inactivation of the 
DNA-relaxing activity of the EGF receptor. Receptor 
_) preparations were heated in a water bath at the indicated 
_ temperature before addition to the reaction mixture. Lane 
i, pBR322 DNA (0.8 wg) incubated in reaction mixture 
plus ATP but minus the EGF receptor; lane 2, pBR322 
DNA incubated with the EGF receptor but minus ATP: 
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Jane 3, pBR322 DNA incubated in the presence of both ATP and the EGF receptor; lanes 4-6, pBR322 DNA incubated with ATP and the EGF 
= receptor that had been heated for 15 min at 45 °C (lane 4), 15 min at 65°C (lane 5), and 5 min at 90°C (lane 6) before addition to the reaction 





source of the closed duplex DNA a small amount of linearized 
product (form HI DNA) is always detected in the presence of 
ATP and the EGF o In control experiments neither 
linearized pBR322 (Fig. 2, lanes 16-18) nor a HindIII digest of 
DNA (Fig. 2, lanes 13-1 5) appeared to be affected by incubation 
h the EGF receptor in the presence of ATP. Furthermore, 
ig nick-translated °*P-labelled rabbit pox virus DNA or 
formly °H-labelled total cellular RNA from vesicular 
matitis virus (VSV) infected cells as substrates we could detect 
nly a trace of nuclease activity (trichloroacetic acid soluble 
‘adioactivity) with the former substrate (<0.5% digestion) and 
none with the *H-labelled RNA after incubation for 3 h at room 
-temperature in the presence of the EGF receptor and ATP. Thus 
appreciable enzymatic digestion of these nucleic acids was not 
detected. 
<- Although the data suggest that the observed activity is intrinsic 
to or tightly associated with the receptor, we cannot unequivo- 
cally rule out the possibility that what we are observing is a low 
level of ATP-dependent, lectin-adsorbable endonucleolytic con- 
tamination which is observed solely in a highly sensitive assay 
such as the conversion of form | DNA to form I] DNA, and 
which is present in both forms of the EGF receptor prepared 
from A-431 cells and the receptor prepared from mouse liver. 
owever, no nicking activity was detected when highly purified 
preparations of tubulin, bovine serum albumin, IgG, EGF or 
PDGF were assayed. 
Some of the biochemical properties associated with the DNA- 
-nicking activity of the EGF receptor are depicted in Fig. 3. 
- Figure 3a demonstrates that both UTP and CTP as well as dATP 
can substitute for ATP in the reaction mixture. However, the 
__ non-hydrolysable analogue of ATP, 5’-AMP-PNP, is not capable 
_ of replacing ATP, nor are GTP, dGTP, or TTP effective. The 
_. optimum ATP concentration for this reaction is 2-7 mM (data 
fiot shown). The activity is extremely heat stable (Fig. 3b), 
withstanding incubation at a temperature of 65°C for 15 min 
and requiring incubation at 90 °C for at least 5 min for complete 
loss of activity. This thermal inactivation profile is profoundly 
_ different from that observed for the tyrosine kinase activity 
intrinsic to the EGF receptor. Over 80% of the tyrosine kinase 
activity of the EGF receptor is inactivated by heating for 15 min 
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mixture, Reaction products were fractionated by electrophoresis in 0.8% agarose and stained with ethidium bromide. 
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Fig.4 Comparison of electrophoretic mobilities of pBR322 DNA 
reaction products in the presence or absence of ethidium bromide. 
a, Agarose gel electrophoresis in the absence of ethidium bromide, 
Lanes 1-3, pBR322 DNA (0.4 yg) incubated in the absence of EGE 





receptor (lane I), in the presence of EGF receptor without ATP oe 
(lane 2), or in the presence of EGF receptor plus ATP (lane 3j, 00 


lane 4, pBR322 DNA (0.6 ug) enzymatically relaxed with wheat. 
germ type | topoisomerase: Jane 5, pBR322 DNA treated with 
EcoRI 0.7% agarose gel was electrophoresed in 40 mM Tris- 
acetate, hak T; 9, 20 mM sodium acetate at room temperature for 
i2h at 3 Vem‘. b, Agarose gel electrophoresis run exactly as in 
a, except for the inclusion of ethidium bromide (0.5 pg ml") in 
both the gel matrix and running buffer, Aliquots of reaction mix- 
tures described in a were brought to a final concentration of 
0.5 yg ml"! of ethidium bromide before electrophoresis. Lane |, 
0.4 ug of pBR322; lane 2, 0.4 ug of pBR322 incubated in the 
presence of EGF receptor minus ATP; lane 3, 0.4 pg of pBR322 
incubated in the presence of EGF receptor and 5mM ATP; lane 
4, 0.6 pg pBR322 a. relaxed with wheat germ type I 
topoisomerase; lane 5, EcoRI -treated pBR322. Electrophoresis was 
Poo in the Gark to minimize aae of the DNA. 
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and the association of tyrosine kinase activity- 


= of pp60™. AIl three preparations generated reaction products 

_- apparently identical to those generated by the EGF receptor in 

the same conditions (data not shown). The DNA-nicking activity 
of pp60° is also dependent on ATP. 

In a number of isolated cases we have observed the generation 
of a high molecular weight DNA species (possibly representing 
concatenated DNA) exclusively in the presence of ATP and the 
EGF receptor. The generation of relaxed topoisomers from 
covalently closed supercoiled DNA in the presence of pp60° 
has also occasionally been observed. It is possible that the 
enzymatic activity reported here is both a nicking and a closing 

“activity reminiscent of other DNA interacting proteins such as 

~~ DNA topoisomerases. Final proof that this activity is intrinsic 
ta both the EGF receptor kinase and pp60"* is not yet available. 
AE, -However the association of DNA-nicking activity with tyrosine 
_ . kinase preparations from diverse sources is intriguing. A nuclear 
“translocation of these membrane-associated proteins, perhaps 
ndocytic vesicles and subsequent interaction with DNA 
could conceivably be responsible for some of the pleiotropic 
ponses accompanying growth stimulation. 
_ We thank Drs R. Erikson and J. Brugge for their gifts of 
-o pp60"*, Drs S. and R. Moyer for the labelled nucleic acid 
substrates, and Marty Reich and Katherine Chen for technical 
assistance. This work was supported by USPHS grants HD- 
00700 and GM-13221, and American Cancer Society grant 
BC364. S.C. is an American Cancer Society Research Professor, 
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. centage of virally induces a: ei cel contain an acquired | MMTV 
provirus in either of two defined integration regions, termed 
int-1 and int-2, and provirus. insertion is accompanied YY 


: . expression of ‘specific R RNA . transcripts from these regions’ 
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neoplasia As. judged <p the distribution of othe acq x T 
vi e site | epresent the 


servations, 5 a i ae 
ith both the — 
_ EGF receptor and pp60°, we have examined three preparations | 


. the. development of mouse mammary tumours, the. incidence 


es €- recurring, pregnancy-dependent l 
: mammary tumours s provirus integration: within int-2 M array p 












Although MMTV is one of the sana causative agents i in 


and progression of the disease is multifactorial, being influenced 
by such parameters as genetic background, parity and hormonal 
status of infected animals>*. In BR6 mice, which suffer mam- 
mary tumour incidence of over 90% as a result of milk-borr 
MMTV’, tumours develop to a detectable size only after an 
average of four pregnancies and ~70% of them are initially 
hormone-dependent in that they regress completely or partially 
between pregnancies®*”. In subsequent pregnancies, the tumour 
becomes re-established at the same site but eventually pro- | 
gresses to become autonomous and to grow independently of 
the hormonal status of the animal. = 

Female BR6 mice were examined at each pregnancy for the. 
presence of detectable tumours and, where possible, surgical — 
biopsies were taken amounting to ~50% of the tumour mass. 
The aim was to collect repeated biopsies from the same site at 
each recurrence as the tumour progressed from a hormone- 
dependent to independent phenotype. As illustrated in Fig. 1, 
the number of pregnancies required to establish hormone > 
independence was variable, ranging in the examples studied _ 
from two at tumour site B to at least six at tumour site A. Figure 
id includes an example of a tumour series from which no 
biopsies were taken, in order to illustrate the more typie: 
pattern not distorted by the surgical removal of tissue. 

DNA of high molecular weight was prepared from each fresh 
biopsy and analysed by Southern blotting procedures using 
MMTV -specific probes (see Fig. 2 legend for details). As shown 
in Fig. 2b, normal tissues in the BR6 mouse (track N) contain ` 
three endogenous proviral units of MMTV. Such endogenous 
sequences are present in all tissues and on both chromosomes, ~— 
whereas newly acquired MMTV proviruses occur on only one ` 
of any pair of chromosomes. Thus, in a truly clonal population ` 
of infected cells, the intensity of the hybridization signal from.. 
an acquired provirus should be half that of an endogenous unit. : 
In practice, the quantitation can be distorted by the inclusion 
of any normal tissue in the tumour biopsy, but the data presented 
here, and in many other studies'?!°""’, indicate that mammar 
tumours approach this idealized clonal situation. In all the 
pregnancy-dependent series examined at least one pair of novel 
junction fragments was present in DNA from the first biops 
indicating that acquisition of additional MMTV sequences 
probably an early event in tumour induction. Moreover, ide 
cally sized, novel fragments were detectable in all subsequ 
biopsies from the same site, suggesting that recurrence o 
tumour at each pregnancy results from expansion of the same 
clonal population of tumorigenic cells. a 

Although the initial pattern of acquired MMTV proviruse 
remained stable during subsequent cycles of proliferation a 
regression, DNA from the later biopsies occasionally showed 
more complicated pattern (for example tumour sites Band C © 
in Fig. 2). Since the changes were invariably additive, and were 
not accompanied by loss or rearrangement of established pro- 
viruses, they presumably resulted from superinfection of the 
tumour tissue by MMTV. Judging from the intensities of these - 
additional junction fragments on the autoradiograph, superin- : 
fection must have occurred either before or very early in a- 
period of proliferation such that a high percentage of tumour 
cells contained the same fragments. Since most of the cells ina: 
tumour nodule are presumably lost during regression, each: 
recurrence of the nodule must originate from perhaps a single _ 
or, at most, a small number of tumorigenic cells and will there- 
fore only reflect the proviral pattern in this or these cells. It is- 
ble that these represent a stem cell population whose-capac 
ity to differentiate i in response to the hormonal influence: s 







































mation’ by MMTV. 
s Stage, we cannot formally exclude the possibility th 


sr of Tadinonil MMTV: sequences may have 
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C. Fig. 1 Cycles of pregnancy-dependent tumour growth and regression. Female BR6 mice were routinely examined for palpable mammary < 
tumours and the progression of each tumour during cycles of pregnancy was monitored. a-d, Four independent sites (A~D) at which recurrent 


tumours arose in four separate mice. The shaded bars below the abscissa of each panel indicate the observed periods of pregnancy, with L 
signifying delivery of a litter. Size measurements were taken twice weekly, and are expressed on the ordinate as mm’, representing the prod 
of two orthogonal diameters". Boxed letters and numbers refer to the site and cycle of growth at which surgical biopsies, amounting to ~S0 

=- Of the tumour mass, were removed for histological examination” and DNA extraction’. No biopsies were taken from site D in order to displ 

© a more typical pattern of tumour growth and regression. The symbol i indicates the cycle or biopsy at which the tumour was judged to ha 
become hormone-independent. We are not certain that the tumour designated A6i had fully progressed to hormone independence since 

: presence of other independent tumours in the same mouse necessitated death at this point. 


Fig. 2 Analysis of MMTV proviral | | . 
units in recurring, pregnancy-depen- | 
dent mammary tumours. a, A restric- 
-ton map of the GR strain of MMTV 
provirus is depicted showing the sites 
of cleavage for the enzymes EcoRI 
) and Pst] (P)'°. Digestion of cel- 
ular DNA with EcoRI generates ; 
two virus-cell junction fragments 5' probe 3' probe 
distinguishable by hybridization with ; E 
the cloned 5'-specific and 3'-specific A2 A4 AS AGi B1 B2i C1 C5i A2. A4 A5 AGi B1 B2i Ct C5i 
high molecular weight was prepared” 
om freshly dissected biopsies of 
mammary tumours which recurred 


ee 
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ee 
pan excess of EcoRI, fra 
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eee Fig. 3 Provirus insertion in the int-2 locus in pregnancy-depen- 
dent mammary tumours. a, The restriction map of the MMTV 
int-2 locus in BALB/c DNA indicates the sites of cleavage for the 
enzymes EcoRI (E), Hindili (H), BamHI (B) and SacI (S). The 
identification and characterization of this locus, and the derivation 
of the 10.0 kb EcoRI fragment used as a probe, have been presen- 
ted elsewhere**. Using these enzymes, no restriction site poly- 
morphisms were detected in the relevant DNAs from BALB/c 
and BR6 mice. The arrow symbols above the map indicate sites 
: and orientation of integrated proviruses as discussed below. b, The 
nitrocellulose filter carrying the DNA samples analysed with the 
3'-specific viral probe in Fig. 2b was rinsed in alkali to remove 
dual probe and then hybridized with the 10.0 kb int-2 probe 
icated. Conditions and symbols are as described in the legend 
to Fig. 2. N represents a sample of normal tissue DNA, in this case 
the spleen, showing the homologous. uninterrupted 10.0 kb EcoRI 
fragment detected with this probe. The sizes of any novel fragments 
generated by provirus insertion (identified by the symbol <4) were 
estimated relative to HindIII digested A DNA standards as shown. 
From these data, it was possible to deduce both the site and 
transcriptional orientation of the provirus integrated within int-2 
in both the A and B tumour series. As indicated in a, these two 
proviruses map about 6-7 kb apart in the cellular DNA and are 
in opposite transcriptional orientations. In the C series of tumours, 
3 no O PEON insertions were detected in over 30 kb of DNA centred 
ioe Se on the int-2 locus. 




















integration (as at tumour site A), we would argue that’the 
acquisition of further proviral elements during progression of 
e tumour probably reflects fortuitous superinfection and does 
not contribute to the phenotypic change. 





= chromosome 7, int-2, in which an MMTV provirus has integrated 
in ~50% of all BR6 mammary tumours examined whether 
Es ornione dependent or independent?*"*, As we were interested 
in determining the status of this locus in the pregnancy-depen- 
_ dent tumour series, the nitrocellulose filters used in preparing 
Fig. 2 were rehybridized with a probe corresponding to the 10.0 
“kilobase (kb) EcoRI fragment from int-2 (ref. 2). As indicated 
n Fig. 3, both the A and B tumour series showed evidence for 
yrovirus integration within this fragment. The simplest example 
provided by the A series in which two novel EcoRI fragments 
ere detected in addition to the normal 10.0 kb fragment pres- 








on the uninterrupted chromosome. The larger of these novel - 
pment was identical in size (~12. kb) to the virus-cell 


ler (~ si 4 kb) éoincided with the corresponding 3- 


: unction. BA data | are therefore consistent with 


autonomously. Pregnancy-dependent tumours in the. 


We have previously identified a region of DNA on mouse- 





integration site therefore on very close to the 5 boundary 
of the 10.0 kb EcoRI frag ii : 


region of overlap with the p pa interpretation has been 
verified by preparing Southern blots with each of the different _ 
restriction endonucleases whose: ies: ane depicted in Fig. 3a 
(data not shown). | | me 

Two significant conclusions can be drawn : ‘rom. these observa- 
tions. First, the A and B tumour series are clonal, in that the 
same provirus, integrated within int-2, remains detectable and ae 
unaltered during cycles of pregnancy-dependent growth and 
regression and in the transition to hormone independence. The 
second is that since integration within int-2 apparently occurs 
by the earliest appearance of the tumour, it may represent an 
important step in the development of neoplasia. This latter 
conclusion is supported by data to be presented elsewhere which 
indicate that polyadenylated RNA transcripts derived from the 
int-2 locus are present specifically 1 in tumours which have sus- 
tained a provirus integration in int-2. Our present interpretation 
is therefore that MMTV-induced carcinogenesis involves pro 
viral activation of specific cellular genes and that int-2 TEPE 
one such gene. 

The observations of provirus insertions in these tumours mi 
significant predictions regarding the involvement of int-2. in 
tumorigenesis. If the activation of RNA and protein synthesis 
from a putative oncogene within int-2 is the primary event in 
the onset of neoplasia, then either the expression of this gené 
product or the target to which its activity is directed, must 
remain under hormonal control. It is not possible at this stage 
to determine whether this reflects the direct action of hormones 
on some functions of the provirus'*'*, or whether the tumour 
cells are simply continuing to respond normally to the hormon: 
fluxes accompanying pregnancy’'®. However, the data als 
imply that activation of int-2 or other analogous loci are no 
sufficient for the development of frank malignancy and ma 
therefore represent only part of a multistage process. So 
additional stochastic event, such as the activation or mutatio 
of alternative cellular genes, may be required to obviate thi 
hormone dependence and permit the tumour to dev 






































mouse provide a powerful system in which to dissect the ro 
of these various factors in mammary carcinogenesis. 
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Humar T-cell leukaemias and lymphomas associated with the 
human T-cell leukaemia viruses (HTLV)'™ are invariably neo- 
eee o of cells with mature ' T-lymphocyte phenotype*”. Epstein- 


ected y with HTLV may be isolated from patients with HTLV 
arimia, H » but no non-lymphoid ti tissues seem to be involved. 


type i HTLV (HTLV-I) into a variety of human cells by 
i a also by transfection of recombinant genomes. We 
ios aad let a in pealii tissues although 


kákeate t that the restriction of expression is at least partly due to 
cis-acting functions 2 the long terminal repeats which lie at each 


fected Mot cells’ bat attempts to ead cells of non- n-lymphoid 
ı Were unsuccessful (Table 1). Epithelial/ B-lymphocyte 
brid cells (D98/ Raji? and D98/ HRI”) were infected, as shown 
by the presence of HTLV-II proviral DNA in ~ 10% of the cells 
for up to 50 generations, but no viral p19 or p24 antigens were 


_ Fig.1 HTLV-II RNA sequences in 729 B cells stably 

` transfected with AH6 DNA. a, Serial dilutions of 

_ poly(A)-containing RNA prepared from Mo cells; a 

-clone of 729 cells transfected with pH6neo 

- (729(pH6nea)!) and normal 729 cells. The indicated a 

amounts of RNA were spotted onto nitrocellulose 

filter paper and hybridized”. The location of sequen- 

-ces in the probe is shown in c and are derived from 

: cDNA clones pH-1 and pH-13'*. The probe was 

_ purified free of pBR322 sequences so only HTLV-II- 

specific hybridization would be detected. 6, S, 

nuclease analysis” of total RNA from mouse L-cells; 

HTLV-I infected B cells (J-WIL); 729(pH6neo)I; 

and Mo cells. The cap site of HTLV-II (nucleotide 

4+ 1) was determined previously”. The position of 

e. probe in the S LTR of the AH6 provirus is 

dicated below the autoradiogram. The probe is 5’ 
id-labelled at the BamHI site (nucleotide 360°°) in 

the LTR. The expected sizes of the protected frag- 

ments are 50, 51 and $2 bases”’. The size of Sau3A- 

digested pBR322 fragments are indicated. ¢, The 5 

restriction enzyme sites Hindi H CH), Bam HI{B) and C 

=EcoRI (R) in AH6 proviral DNA” and flanking 

human c cellular DNA. Ns orientation of the provirus 
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Viral 
HTLV-II antigens i 
Cells genome pl9 and p24 3 
Peripheral blood lymphocytes + + 
EBV-transformed B cell 

G-B + + 

WIL-2 + + 
Primary fibroblasts l 

R NT - 

C NT A oad Oe 
Fibroblast cell line (143)° NT mead 
Epithelial/ B-lymphocyte hybrid line ea eae 

D98/ RAJ + Beso ye 

D98/HRI'! + ~~ 
















in every case 5x 10° cells were Be canivared with an equal numb 
of lethally irradiated Mo cells’. In the case of adherent cells, the N 
cells were washed out after | week of co-culture and the cells passaged 
for at least an additional 2 weeks before the cells were fixed for indi 
immunofluorescence for viral p19 and p24 antigens and their D 
extracted for hybridization by the method of Southern". In the cas 
nonadherent cells, the cells were co-cultured for 5-6 weeks. Most A 
cells were dead by the second week of co-culture. NT, not tested. 


detected by indirect immunoflucrescence (Table 1) and. co. ae 
cultivation of infected hybrid cells with normal human 
peripheral blood lymphocytes did not result in HTLV-II trans- 
formation of the normal cells (data not shown). 

Since HTLV-II infection by co-cultivation is a relatively 
inefficient process, probably due to the low titres of infectious 
virus produced by infected cells, we also used DNA transfection 
with selectable markers to introduce HTLV-II DNA into cells. 
We initially tested the ability of an HTLV-II provirus (A H6, 
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a to be competent for transfection by proto; 
ells were transfected with the entire provirus of AH6 subclon 
‘into pSV2-neo (ref. 10), a recombinant vector selectable in 
animal cells with the aminoglycoside antibiotic G418. 

Approximately 25% of the G418-resistant clones of cells 
expressed HTLV p19 and p24 antigens as assayed by indirect 
immunofluorescence. Dot blot hybridization of RNA from one 
of these clones demonstrated expression of HTLV-II RNA (Fig. 

ta) and S, nuclease analysis showed correct initiation from the 
cap site of the HTLV-II long terminal repeat (LTR) (Fig. 1b). 
-=> To study the restriction of HTLV-II] expression in non- 
S lymphoid cells, cells from a fibroblast cell line, 143, derived 
from a human osteosarcoma and competent for stable transfec- 
 tion'', were transfected with AH6 DNA. Since 143 cells are 
deficient i in thymidine kinase, we used the co-transfection tech- 
w ~ with the herpes simplex virus thymidine kinase gene 
K). In this way we obtained a stable 143 cell line containing 
16 provirus. Restriction enzyme analysis indicates that 
re two HTLV-II DNA fragments in the cells, the smaller 
the A H6 provirus with no gross alterations of viral sequen- 
‘ig. 2a). Other clones of 143 cells were obtained by transfec- 
with a molecular clone of an HTLV-II provirus isolated 
ta transformed cell line, J-LB-IT>”. 
he 143 clone containing HTLV-II was negative for viral p19 
ind°p24 antigens as assayed by indirect immunofluorescence. 
Poly(A)” RNA extracted from the cloned 143 cells did not 
hybridize to a HTLV-H-specific probe although hybridization 
could be detected in as little as 1.6 ng of RNA from HTLV-II- 
transformed Mo cells (Fig. 2b). Therefore, although the complete 
HTLV-II genome is present in the 143 cells, stable HTLV-II 
RNA is not detectable. 

The lack of HTLV-II expression in several different human 
-epithelial and fibroblast cells containing infected or transfected 
ral genomes indicates a tissue-specific restriction for HTLV-II 

ranscription. Since the retrovirus LTR contains sequences 
1 tant for the control of viral transcription and replica- 
"7 we constructed recombinant genomes containing the 
LV-I LTR and the selectable gene neo? from the bacterial 
sposable element Tn5 used in pSV2- neo'”. The transfection 
electable markers, the expression of which is dependent on 
cting transcription signals, has been used as a simple assay 
the efficiency of ore on of various viral and cellular 
romoters'™!”, 

Four types of reconsbiiizat genomes were constructed to test 
: transcriptional efficiency of the HTLV-II LTR relative to 
the SV40 early promoter and SV40 termination sequences (Fig. 
3 The first recombinant genome consisted of the neo” gene, 
nsi ription of which would be initiated by the 5’ LTR, but 
mination of transcription would occur in SV40 sequences 
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ter would initiate t 
tion of transcription would occur in the 3’ LTR (pH6SVneoB). 
The third recombinant would initiate and terminate transcription 
of neo? in the HTLV-II LTRs (pJH9LTRneoH6LTR). The 
- fourth construct served as a control and consisted of the com- 
= plete pSV2-neo plasmid inserted into the HTLV-II genome at 
he same position as for pH6SVneoB (pH6SVneo*). Transcrip- 









er and terminated by SV40 sequences. 

When the recombinant genomes were introduced into the Mo 

yy protoplast fusion, G418-resistant cells were obtained at 

juency comparable to that of the SV40 vector, pSV2- 

‘ -No G418-resistant cells were obtained when Mo 

fused. with. pBR322. in pJHOLTRneo and 
: pression of neo® should be se pec 











tide DNA fragment by S, analysis (Fig. 4b) is consistent with 


pJHILTRneoH6LTR show the same 5’ ends (data not shown). 
Therefore, transcription of neo? 
dependent upon HTLV-II LTR function. 


H9] TRneo). The second recombinant represented the. 
reciprocal of the first recombinant, in that the SV40 early pro- 
nscription of the neo”? gene and termina- 


pH6SV2neo* 
SV40 signals contained between HTLV-H LTR sequences, indi- 
cates that viral sequences are not toxic to 143 cells and are not- 
inhibitory to uptake or stable integration of transfected DNA. 
Therefore, the LTR of HTLV-II appears not to promote the 
initiation of transcription of the neo” gene in 143 cells eff 
tively. 


on. ‘of the neo? gene would be initiated by the SV40 early | 


functional i in 143 cells when transcription is terminated 

sequences (pSV2-neo), the SV40 promoter appears to be incor 

patible with the 3’ HTLV-II LTR when the LTR is substitute 
for Sv40 termination sequences (Fig. 3 pH6SVneoB). In h 
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Fig. 2 HTLV-II DNA and RNA sequences in 143 cells stably 
transfected with AH6 DNA, a, DNA extracted from the tk* trans- 
formant 143(A H6)3 digested with HindII1, BamH1 and EcoRI and 
hybridized by the method of Southern’® using the probe shown in 
Fig. 1c. AH6 DNA is equivalent to 1.0 copy per cell mixed with | 
15 ug of normal human DNA and treated in parallel. As HindIll - 
does not cleave HTLV-II sequences’? the two fragments detected | 
by HindiH digestion must represent two HTLV-II DNA fragments 
present in the cells. The smaller of the two HindIII fragments is the 
same size as the 10.6kb HindIll fragment of AH6. The larger 
fragment has lost several of the restriction enzyme sites of AH6 and 
contains only a portion of the AH6 provirus. The HTLV-II DNA 
fragments indicated in kb are those shown on the map of AH6 in 
Fig. lc. b, Poly(A)” RNA prepared from Mo, 143(A H6)3 and mouse 
liver cells and treated as described in Fig. la. Because of the long 
exposure of the autoradiogram, some nonspecific hybridization to 
mouse liver RNA is evident. 
Methods: 5 x 10° tk” 143 cells'' were co-transfected with a calcium 
phosphate precipitate of 0.5 pg pTK, | pg AH6'? and 20 pe miT 
calf thymus DNA. Colonies of cells resistant to hypoxanthine- 
aminopterin-thymidine medium were cloned after 14 days and 
propagated. 

















unit of neo” (Fig. 4a). In addition, protection of a 790 nucleo. 






initiation of neo” 








transcription at the cap site of the H 
H LTR. Other Mo clones transfected with pJH9LTRreo 

















in Mo cells appears to, be 










Transfection into 143 fibroblast cells of pSV2-neo, where SV40 
sequences are used for initiation and termination of neo 
transcription, resulted in approximately 200 colonies of G418- 
resistant cells per yg of plasmid (Fig. 3). However, transfec- 
tion of recombinant genomes where the HTLV-II LTR was 
necessary for initiation of transcription (pJHOLTRneo, 
pJHOLTRneoH6LTR) resulted in less than 1/100th the number _ 
of colonies. The efficient transfection in 143 cells of 
, where expression of neo” is dependent upon: 


























Note, in addition, that although the SV40 early promote 
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Fig.3 Relative transfection efficiency of recombinant neo? genes. 
The different recombinants between SV40, HTLV-II and neo® 
sequences are shown schematically. HTLV-II sequences are indi- 
cated by dark lines; HTLV- H LTR by open boxes; SV40 sequences 
dotted lines; neo? sequences by solid bars and pBR322 sequen- 
ces by thin lines. 5’ and 3’ indicate the orientation with respect to 
expected transcription initiation sequences and termination 
sequences, respectively. The 5' LTR in pJH9LTRneo and 
pJHOLTRneoH6LTR are joined to the neo”? gene by an EcoRI site 
which is located 3 bp from the tRNA? primer binding site’. All 
constructs are propagated as plasmids of pBR322 derivatives. 
Details of the constructs are available on request. 

Methods: 143 cells'' were transfected by the calcium phosphate 
precipitation method with serial fivefold dilutions of the plasmid 
_ DNA. Colonies of cells resistant to 200 ug mi~’? G418 were counted 
_ after 2 weeks. 10’ Mo cells were transfected by the spheroplast 
fusion method”* and plated at 1.0-3.0 x 10° viable cells (viability 
~ 50%) per well of a 24-well culture dish. The number of stably 
transfected cells resistant to 500 ug mi~! G418 was determined by 
he proportion of wells in which cells grew after 5-6 weeks of 
culture. The efficiency of transfection using the SV40 vector pS V2- 
éo'°, which contains the SV40 early promoter and termination 
equences, was about 5 x 107°. Because of some variability between 
transfection experiments performed at different times, the efficiency 
of transfection was determined relative to pSV2-neo in each 
experiment. 





LTR may also be restricted in 143 cells. 
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pSVneoA-. Thus, termination of transcription by the HTLV-II 
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Fig. 4 pJHSLTRneo DNA and RNA sequences in a clo 
transfected Mo cells, Mo(pJH9LTRneo)8H. a, DNA from 
Mo(pJH9LTRneo)8H digested with BamHI and hybridized'* with 
a **P-labelled DNA fragment consisting of only neo? sequences. = ~ 
The DNA fragment of 2.5 kb is the expected size for the BamBi 
fragment of pJHOLTRneo (see map in c). b, S, nuclease analysis of- 
neo? containing RNAi in Ma(pJ H9LTRneo)8H (left panel) using a 
5’ end-labelled neo” * -specific probe. S, nuclease analysis of HTLV- 
Il RNA (right panel) using an HTLV-II specific probe is shown for 
comparison. The protected DNA fragments indicated, 790 and 470 
nucleotides, are of the size expected for transcription initiation . 
from the cap size of the HTLV-II LTR. The larger protected 
fragment with RNA from Mo(pJH9LTRneo) results from protec 
tion of the entire HTLV-II LTR sequences (beyond the cap sit 
the 5’ end). This protection is a consequence of hybridization of 
U3R sequences at the 3’ end of HTLV-II RNA to the U3R. 
sequences in the probe thereby further protecting the probe t 
5’ end of the LTR. More sensitive mapping with shorter p 
showed that the precise 5’ end of the LTR is protected (dat: 
shown). Similar larger protected DNA fragments are observed 
the HTLV-II specific probe (right panel, middle band). The larg 
fragment observed with the HTLV-II specific probe is the size 
the full length probe, a result of incomplete $, digestion and als 
visible in the L-cell control Jane. c, Schematic map of pJH9LTRne 
Symbols are as in Fig. 3 except that wavy lines represent huma 
cell DNA sequences. The 3’ end-labelled probes for S, analysis. 
shown. The HTLV-II probe is derived from the equivalent regi 
of the 5’ LTR of AH6 (Fig. te) up to the 5’ EcoRI site in human 
DNA, The numbers beneath the map indicate the size in kb. Th 
cap site of HTLV-H is indicated. H, Hindi; R, EcoRI: Bg, Beril 
B, BamHI. | 















_ Our results demonstrate that in 143 fibroblast cells the HTLV- 
H LTR functions poorly, if at all, to promote transcription of 
stable mRNA, in contrast to the Mo cells where the LTR func- 
ions efficiently. This pattern parallels that of expression of 
HTLV-I -proviral sequences in 143 and Mo cells (Fig. 1). Note 
her retroviruses, Kirsten murine leukaemia—sarcoma virus 
i a Therefore, a ci virus, have been shown to repli- 




















sequence is required as a cis-acting signal for the tissue e specificity 
of LTR function. a 

The specific transcription of HTLV-II sequences in lymphoid E 
cells resembles the specific transcription of immunoglobulin ae 
genes in mouse B lymphocytes 67, Transfected immi 
globulin genes are expressed at low levels in fibrobla: 
contrast to their expression in mouse myeloma cells. Sequer 
related to enhancer sequences of animal viruses have been she 
to be responsible for this tissue-specific expression. It is possib 
that the factors which control the tissue-specific expression 
HTLV and immunoglobulin genes represent basic mechanisr 
for controlling gene expression during T- and B- lymphocy 
development respectively. HT s apparently evolved i 
a manner as to use that mechanit : pathogentsts in 
T lymphocytes. — A ae m 
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~2 class I antigens appear to direct the recognition of virus- 
nfected and neoplastic transformed cells by cytotoxic T lym- 
shocytes (CTLs)'*. Here, to identify the regions of class I antigens 
volved in CTL recognition, four hybrid class I genes were con- 
cted in which exons were exchanged between the H-2K” and 
2D” genes**. These class I genes were expressed in mouse L 
cells and recognition of the hybrid K°/D® antigens by CTLs and 

S| ar for. either K’ or r D’ was investi- 


TL recognition sites and 
age on domains 1 and 2 of the 


ofa Bae with domain 1 of fe and ali other dom 






nected consist t of | two pairs. 
n the aind i ape H- D” i 


A inability « of the lines 


from D° (K°1/D°) and a polypeptide with domain | of D’a 
all other domains from K® (D°1/ a (Fig. bey SA the 


the remainder of the D” gene and the D” promoter and exons 
1, 2 and 3 spliced to the remainder of the K” gene encode 
hybrid K°/D® antigens, producing, respectively, K® domains | ` 
and 2 with all other domains from D° (K°1+2/D") and Dè- 
domains | and 2 with all other domains from K” (D°1+2/K°) — 
(Fig. 1b). Ltk~ cells were co-transformed with the K’, D* 
and four K°/D° hybrid genes and the thymidine kinase (tk) 
gene by CaPO, co-precipitation®. Ltk* colonies, selected- 
for by growth in the presence of hypoxanthine—aminopterin—. . 
thymidine, were picked and screened by antibody binding for- 
cell-surface expression of K” and/or D” alloantigenic deter- 
minants. The cloned cell lines expressing high levels of K”, D” 
and hybrid K°/D° antigens were selected for further study. > 

The presence or absence of K” and D” allodeterminants on- 
the four hybrid K°/D® antigens was determined by screening 
these cell lines with a panel of 18 monoclonal antibodies specific 
for determinants on either K” or D” (Table 1). All these allodete 
minants, except one D” allodeterminant, map to domain | or 
2. The specificities of 12 monoclonal antibodies were mapped 
to either domain | or 2; these locations were basically in agre 
ment with clusters of allodeterminants defined by binding inhibi- 
tion studies®°. The D°-specific antibody 28-14-8 mapped to 
domain 3; the allodeterminant recognized by 28-14-8 was also 
present on L° and has previously been mapped to domain 3 of . 
this antigen’. 

The conformation of domains | and 2 in the hybrids K°1/D° - 
and D>1/K® seems to differ from that in the parental K” and _ 
D> antigens. Fifteen out of the 17 parental K” and D” alloanti- 
genic determinants located on domains | and 2 are either 
modified or not present on K°1/D° and D°1/K”. Thus, five 
allodeterminants are absent from either of the two hybrids; these 
are defined by antibodies K7-38, K9-136 and K10-56.1 specific 
for K® and H141-29 and K15-25 specific for D”. Ten allodete 
minants are present on one or other of these hybrids, but 
are modified, as indicated by markedly reduced levels of bindin 
of the respective antibodies to the hybrids compared with 
or D". The hybrids K"1/D° and D°1/K°, however, do ret 
one and two unaltered allodeterminants respectively, defi 
by antibody 28-13-3 specific for K® and antibodies 28- 14 te 
B22-249.1 specific for D”; this indicates that both antigens 
expressed at levels similar to K” and D”. 

Recognition of the four K”/D* hybrid antigens by C TLs\ wi 
investigated with both K” and D” restricted influenza vit 
specific CTLs and K” and D° allospecific CTLs (Table 2; 

2). The pattern of recognition obtained for the two hybrids 
K°1 +2/D° and D”I +2/K° indicates first that the majority of 
both allospecific and virus-specific CTL recognition sites are on 
domains | and 2, and second, that these CTL recognition sites 
are not influenced by interaction of domains 1 and 2 with 
polymorphic regions of domain 3; the amino acid sequence of © 
K? differs from D” at 9 residues out of 92 in domain 3 (refs 3, 8). 
These results for CTL recognition of the hybrids K°1+2/D° 
and D>i+2/K° confirm and extend those obtained for the _ 
equivalent L°/D* hybrids”'° a 

In contrast, neither the KI /D° nor the D°1/K° hybrid was 
recognized by either K” and D” allospecific’ or K® and D? 
restricted influenza virus-specific CTLs. This indicates that bo! 
allospecific and virus-specific CTL recognition sites, located 
domains | and 2 of the parental K” and D” antigens, 
significantly altered on the K”1I/D” and D°1/K° hybrid antige 
The cell lines Ar 1 (whic expresses K°1/D°) and 3-7 (D°1/K 

i Árus- specific and K*-restricted C 




















lack of (KS) a 4-1 ane 
results from failure 






Antibody binding (c.p.m.'5I bound) 


— K"/D* antigen 
a Cell line 
Monoclonal 
28-13-3 
K9-178 


DIJK? 
37 4-1 62 


K°+2/D° 


K*1/D> D°1+2/K? 


68 97 
115 107 
83 = ól 

75 69 
2,308 40 
1,239 90 
2 93 
142 64 
85 55 
3,981 92 
2,433 4,757 
550 1,827 
302- 1,459 
325 1,710 
292 1,622 
86 5,674 
115 671 
118 317 


_ The K” and D” specific monoclonal antibodies have been characterized previously®'*'*. The antibody binding assay was performed in 


{ at-bottom 96-well microtitre plates. 10° cells were added to each well an 
plemented with glutamine, hypoxanthine, aminopterin, thymidine, pe 


d incubated overnight at 37°C in Dulbecco's modified Eagle’s me 
nicillin, streptomycin and 10% fetal calf serum. The cells were 


phosphate-buffered saline containing Ca?*, Mg’* and 1% bovine serum albumin, and incubated with 50 wl per well of a 5x dilution 


ma supernatant for 60 min at 4°C. After washing, the cells were incubated for 60 min at 4°C with 50 pl per well of '**I-labelled 
10use IgG containing 100,000 c.p.m. The cells were washed extensively and lysed with 1% Triton X-100; supernatants were collected ar 


oactivity was determined in a y counter, Results are expressed as c.p.m. I bound: each result is the average from triplicate samples an 
‘aration in all cases was not >7.5%. The binding of an irrelevant monoclonal antibody, specific for the haemagglutinin of influenza virus A/PR 
“was <150 c.p.m. on all six cell lines. All 18 K® and D” specific antibodies gave binding of <150 c.p.m. to a Ltk* cell line 8-1, which was obtained 
by transfection of Ltk” cells with the tk gene alone. Three antibodies that react with determinants on H-2* class I antigens, H142-23.3, H142-45 
and Y-3 (ref. 13), gave binding to the cell line 8-1 of 4,387, 551 and 6,147 c.p.m., respectively. This suggests that the level of expression of K? D°- 
and the four hybrid K®/ D” antigens is similar to that of endogenous H-2* class I antigens of the L cells. ze 


'. Thus, the pattern of CTL and monoclonal antibody recogni- 
tion obtained for the two hybrid antigens, K°1/D® and D°! TK 
indicates that interactions between domains | and 2 of the 
hybrids alter parental K” and D” CTL recognition sites and 
alloantigenic determinants located on these domains. Two poss- 
ible, not mutually exclusive, models would explain the alteration 
of CTL recognition sites and alloantigenic determinants. First, 
the sites recognized by CTLs or monoclonal antibodies may be 
formed by amino acids from both domains | and 2. Thus, for 
example, amino acids from D” domain | that form part of a 

TL/antibody site are replaced by different residues from K? 

omain | in the hybrid K”1/ D”. Second, the CTL/antibody sites 


may be formed by amino acids entirely from one domain 
this case, the conformation of a CTL/ antibody site on D? dom 
2 in the hybrid K"1/D°, for example, would be alte 


interaction of this domain with K? domain 1. Thus, K> 


from D” at 13 amino acid residues out of 90 in domain 
at 20 residues out of 92 in domain 2 (refs 3, 8): these diffe 
between K” and D” in domains | and 2 result in altera 
CTL/antibody sites on the hybrid antigens K°1/D° and D*! 
Sherman’? has proposed that H-2 restriction of CTLs 
represent the recognition of conformational alterations of 
I antigens resulting from interaction with viral antigens. 
report suggests that the conformation of a CTL recognition si 


Table 2 Polyclonal allospecific and influenza virus-specific CTL recognition of hybrid K°/D? antigens 


K"/D® antigen 
Cell line 


(31 +K” 
- Anti-allo D® 
_ Anti-allo K> 


a D and 


‘ely primed 
d 


D> /K* 


% Specific *'Cr release (K:T = 20:1) os 


teeny reeni 


K°1/D° “Dh +2/K? KE +2/D> je; 
4-1 6-2 5-6 


K" r l i i 3 n influenza s A/ XII wele obtained from spleens of B10.HTG (K“D*) and B10:A(5R) (K°D*) mi 


X31 infected syngenic spleen.cells. Allospecific CTLs were generated by in vitro stimu 
(3,000 rad) B10.A(5R) (K"D 


) for anti-K® or twice with irradiated B10.HTG (K*D 


* target cells infected with influenza virus were prepared as follows: the. 


suspension, before infection with A/X31! and ` 'Cr-labelli 
_the 6-h cytotoxicity assay were as described previously’, 1 


rom uninfected targets. The o allospecific *'Cr release was calcu 
y transfection of Ltk” cells with the tk gene alone. A CTL t 
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ig a, Ame: -H-2 genes. b, Domain 

a of a a6 and four Ke pe hybrid z datigens. In a, E = EcoRI: 
B= BamHI, Bs= BssHII; H= Hindili, X= Xbal; Xm=Xmal. The 
restriction sites shown are those used to construct and confirm orientation 

-of exon exchanges. The location of the promoter and exons of the K’ 4-2 
p` gene are shown’. Exons 1, 2 and 3 of the D” gene are located in the 
_.. 2,200-base pair (bp) BamHI fragment that contains the Bss HII site. Exons 
4, 5, 6, 7 and 8 are located in the adjacent 2,400-bp BamHI fragment 
(unpublished data). The restriction sites used to isolate D” exon 2 and 




























































exons 2 and 3 are not present in the nucleotide sequence of a D? cDNA » ” BX 8 Bs x B rae Be 
done’, which indicates that these sites are located in introns of the D° H-2D E S 5 SRNR 
-> gene, In b, 1, 2 and 3 are external domains 1, 2 and 3 (alternatively Xm Xm Xm Xm 
-» designated N, CI and C2, respectively’*); TM, transmembrane segment; eee 
¿+ C, cytoplasmic domain; 8;M, B,-microglobulin. H-2 class I antigens are | Y TATAAA EWR exon SUT t 1000 bp 


cell-surface glycoproteins of molecular weight (MW) 45,000 associated 
-oftoncovalently with B,-microglobulin, MW 12,000. The class I polypeptide b 
ean be divided on the basis of its primary structure into three external 
obular domains, each of about 90 amino acids, a transmembrane seg- K” 
ment of ~40 residues, and one cytoplasmic domain of 30 residues'*. The 
grammatic representation of the H~2 class I antigen is supported by 
observation that domains | and 2 are stable in isolation and that 
omain 3 is associated with B,-microglobulin'”. 
Methods: The four hybrid K*/ D® genes shown in a were constructed as 
ows: (1) Exchange of exon 2 between D” and K”. The K” and D? 
es were subcloned in the EcoRI and. Hindll] sites of pBR327, respec- gP 
ly. The K* and D” exons 2 were isolated as Xmal 330- and 390-bp 
gments, respectively; these fragments contain the BssHI] site. The p> 
iai 390-bp fragment was inserted directly into a K” gene subclone, 
linearized with Xmal, from which both Xmal fragments of 330 and 50 bp 
had been deleted. This deletion was obtained by complete digestion of 
“the K’ subclone with Xmal and ligation at dilute concentration of DNA to favour recirculation of the vector minus the two fragments. The. 
K? Xmal 330-bp fragment was inserted first into a D” 5’ gene subclone of the 2,200-bp BamHI fragment, linearized with Xmal, from which 
the Xmal fragment of 390 bp had been deleted. This deletion was obtained by complete digestion of the D® 5 „gene subclone with Xmal and 
ligation at dilute concentration of DNA. Second, a 1,200-bp Xbal-BssHII fragment was isolated from the D*® 5' gene subclone and inserted 
in the complete D” gene subclone, linearized by parmal digestion with Xbal and complete digestion with BssHII. (2) Exchange of promoter 
and exons 1, 2 and 3 between K° and D®. The K” and D” promoters and exons |, 2 and 3 were isolated from the subclones of the two genes 
„> -as Xbal fragments of 1,800 and 1,850bp, respectively. The corresponding K” and D? 3’ gene Xbal fragments of 8,000 and 11,500 bp, 
X respectively, were isolated from the same digests; these fragments also contain the pBR327 vector sequence. The K? Xbal 1,800-bp fragment 
vas ligated to the D” Xbal 11,500-bp fragment; similarly, the D” Xbal 1,850-bp fragment was ligated to the K” Xbal 8 ,000-bp fragment. 
R striction: enzyme digest conditions were as recommended by New England Biolabs. Restriction fragments were separated by electrophoresis 
in low melting temperature agarose gels; fragments were isolated by melting gel slices at 65 °C and phenol extraction. Purified fragments were. 
gated with T4 DNA ligase in 50 mM T is pH 8.0, 7.5mM MgCl, I mM ATP and 10 mM dithiothreitol for 3h at 15°C. Vector fragments 
were first treated with calf intestinal phosphatase in 50 mM Tris pH 9.0, 1 mM MgCl, 0.1 mM ZnCl, and | mM spermidine for 1 h at 37°C.: 
igated DNAs were introduced into CaCl,-treated Escherichia coli DH1 or HB10! cells'®. Colonies were picked and constructs were identified 
y restriction enzyme. digests on plasmid. mini-preps'*. DNA for transfection of Ltk” cells was isolated from plasmid ane Be ; exon 
exchange and correct orientation of insertion were confirmed by restriction mapping. 
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-3 2-5 3-7 4-1 5-6 6-2 may be sensitive to alteration by interaction of either domain 
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“African trypanosomes evade the host immune response by periodi- 
cally switching their variant surface glycoprotein (VSG) coat’. 
‘The resulting, serologically distinct variant antigenic types (V ATs) 
appear in a loosely ordered sequence and those arising early in 
infections are termed predominant V ATs**. VAT switching reflects 
successive transcriptional activation of single VSG genes from 
rge repertoire. Activation of some VSG genes is accomplished 
uplication of a previously silent basic copy (BC) gene and 
nsertion of this expression linked copy (ELC) near a chromosomal 
alomere where it is expressed*"'*. However, other VSG genes, 
iways located near a telomere, use a non-duplication activation 
(NDA) mechanism'*"’. We report here that the gene encoding 
the predominant IsTat 1.A VSG can be activated with or without 
uplication. Four of six independently derived clones activated the 
: gene without gene duplication or detectable rearrangement. 
e other two contained an active 1.A ELC, possibly generated 
a gene conversion extending to the end of the telomere. The 
bility to utilize both NDA and ELC mechanisms of gene activation 
and perhaps an alternative mechanism for gene duplication may 
account for the fact that VAT 1.A is the most predominant VAT 
of the IsTaR 1 serodeme. 

Derivation of the IsTaR i serodeme has been described pre- 
viously’. Many immune competent rats, mice or Peromyscus 
singly infected with different IsTaR | VATs produced first 
relapse populations that were invariably 100% VAT 1.A. Thus, 
1.A is the most predominant VAT of the IsTaR | serodeme. 
Each of six independently derived 1.A clones (Fig. 1) reacted 
with four monoclonal antibodies which recognize different epit- 
opes of the L.A VSG molecule (P.M., unpublished results), 
indicating that they all expressed the same VSG. The mechanism 





genomic Southern analyses. Figure 2a shows an autoradiogram 
of Sall-digested DNA from five clones which do not express 
. VSG (1.D, 1.3, 1.5, 1.7, 1.11), five 1.A clones from the first 
‘lapses of each of these (1.A', 1.A*, 1.A°, 1.A’, and 1A!) a 
clone of the original IsTat |.A (1.Ae), and two clones derived 
‘om a first relapse population of IsTat 1.A (1.1% and 1.X^. 
he VAT is indicated after the point (for example, 1.Ae), the 


is used to designate clones when needed. The 1.A VSG cDNA 
probe, which contains one Sail site (Fig. 2d) also present in 
each genomic copy of the gene, hybridizes to four Sall fragments 
in 1.Ae and LA’ and to three fragments in each of the other 
clones (Fig. 2a). The band at 1.1 kilobases (kb) is composed of 
co-migrating fragments extending from the internal Sail site to 
another Sall site present at the same location 5’ to each 1.A 
gene. The remaining Sall fragments contain the 3‘ ends of these 
genes and allow determination of the number of LA genes 
bide in each clone. Like the crigioal 3 VAT I A oe Ae, 15 and 
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Fig. 1 The IsTAR 1 serodeme™ was initiated with a single trye 
panosome cloned from a population of which ~70% of the cells => 
expressed |.A. The first parasitaemia (day 8) population was desigs 
nated IsTat !.A. Three hundred cells of the first relapse population — 
(LD, day 15) from the same immune competent rat, were injected 
into a deermouse, Peromyscus leucopus. Samples were taken ato =o 
4-day intervals, expanded in lethally irradiated mice and then... 
cloned to obtain the VATs shown. Clone 1.Db expresses the same 
VSG as l.la (ref. 15) and thus VAT 1.1 cells, were derived from ` 
the growth of VAT 1.D cells without an intervening antigenic 
switch. Approximately 5-500 trypanosomes from each of the six 9 > 
VATs were injected into immune competent rats and the resulting 
first relapse populations subsequently cloned. The relapse popula- 
‘tions from VATs 1.1, 1.3, 1.5, L7 and 1.11 were 100% VAT LA 
re-expressors as determined by their reaction with anti-l.A VSG 
monoclonal antibodies. The relapse population from 1.A yielded 
two clones expressing 1.1 VSG (from their reaction with anti-1.1 
VSG monoclonal antibodies) and one clone expressing a VAT 
(1.X*) not recognized by any of our VAT specific antisera. 








restriction site’ 3’ to the gene (Fig. 4). These data suggest that 
an ELC is present in some 1.A expressors but absent in others. = 
An alternative interpretation of the above data is that the | 
extra bands in 1.Ae and 1.A’ are not ELCs but are due to discrete. 
heterogeneity in the length of telomeric sequences flanking a ` 
single 1.A gene. Similarly, the presence of ELCs in 1.A', LA? ~ 
1.A° and 1.A'' might be concealed by extensive telomeric size 
heterogeneity, that is, ‘ghost ELCs’*'. To resolve these issues 
we digested DNA from each clone with Hincll, which cleaves = 
within the VSG 1.A coding region (Fig. 2d) and 3’ to each of 
the I.A genes (Fig. 4). This allows analysis of the number of- 
1.A genes independently of telomeric length variation. The 2.0- 
and 1.3-kb Hincli fragments present in every DNA shown ir 
Fig. 2b contain the 3’ ends and the immediate 3’-flanking sequen: 
ces of the non-telomeric and telomeric L.A genes, respectively. 
Densitometric scans (Fig. 2c) show a doubling of intensity of =- 
the 1.3-kb band compared with the 2.0-kb band, in I.Ae and 
I.A” but not in the other clones. This confirms the presence of 
a LA ELC in these two clones and its absence in the others, 
and shows that the other telomeric 1.A gene acted as the BC. 
The single telomeric 1.A gene in 1.A’ is preferentially sensitive 
to DNase I (Fig. 3), illustrating that the telomeric BC is tran- 
scribed in those clones using the NDA mechanism. It is not 
preferentially DNase I sensitive in non-1.A expressors (P.M., 
data not shown). In 1.A’ (and 1.Ae, not shown), only the ELC 
is DNase sensitive (Fig. 36), indicating that the duplicated copy 
and not the telomeric BC is transcribed. Our results therefore- 
show that IsTaR | cells can transcriptionally activate the — 
telomeric 1.A VSG gene by either the ELCo or NDA mechanisms, ue 
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Fig.2 Southern blot analysis of the 23-1 
LA genes in early VATs and cloned 9.4- 
relapses. DNA isolated from VATs 6.6. 
IsTat 1.X*, L.Ae, 1.1°, L.Db, LAF, 
l.3a, 1.A*, 15a, LAŽ, 1.7a, 1A’, lila 
and 1.A'! (see text for VAT nomen- 
clature) was digested with restriction 
endonucleases Sall (a) or Hincll (b) 
and size-fractionated through 0,6% 
. agarose gels. DNA isolated from 238- 
. MATs 1.Db digested with Sall and 29. 
> HA‘ and 1,A° digested with Hincll 
“did not digest to completion and the 
“small internal and S’ Hincll frag- 
‘ments ran off the gel in b. The gels 
‘were blotted bi-directionally onto 


jtrocellulose —filters**""", then 


hybridized with a 1.A cDNA clone 
 (pTb1.A-2) labelled with *°P by nick- 
-translation**. Size markers were Hin- 
‘dill, Xbal and KpnI digests of A 0.6 
DNA and their positions are indi- | 
cated next to each autoradiogram. 
£ Densitometric scans of 
autoradiograms from Hincll digests 
b normalized to give the same peak 
heights for the 2.0-kb band in each 
of the DNA digests. d, Restriction 
map of clones isolated fram acDNA 
library prepared from IsTat 1.A (refs 
15, 16). Abbreviations used for 
restriction endonuclease sites are: A, 
Aval; Ac, Acci; B, BamHI: Be, 
BstEll: Bg, Beli: Bl, Belll: E, 
EcoRI; He, Hincll: Hd, Hindili, 
Hf, Hinfl; P, Pstl; Pv, Poul; Pu, 
Poull: R, Rsal; S, Sall; Sp, Spht; 
Ss, SStl: Xh, Xhol. 
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Co. Fig. 3) DNase I sensitivity of IsTat 23.1 
_ LA genes. Frozen trypanosome pel- 

lets from 1.A' (a) and T.A” (b) were 
olubilized with Nonidet-P40 and 6.6< 
treated with DNase I using the 
methods of Pays et al'*, DNase I 44< 
digested aliquots from the times indi- 
cated were deproteinized, digested 
with SalI, electrophoresed in a 0.7% 
agarose gel and then blotted onto 
nitrocellulose. The filter was then 2.30 
hybridized with the l.A probe 2.04 
(pTbi.A-2). The preferentially 
digested fragment from the 
expressed gene copy is indicated by 
an arrow. 
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jon-telomeric gene (Fig. 4a) and telomeric genes (Fig. 4b—g) 
ave different restriction maps. Except for the length of the 
mere, the maps of the telomeric BC gene (Fig. 4c-—f) are 
tical in all clones, whether or not the gene is expressed. 
ilarly, the map of the 1.A? ELC (Fig. 4g) is identical to that 
‘of the telomeric 1.A’ BC (Fig. 4f). The 1.Ae ELC map, however, 
differs from these (Fig. 46). The 5‘ ‘barren’ region is 5 kb shorter 
and the relative order of restriction sites 5’ to the Rsal site 
distinguishes these telomeric expression sites (P.M., data not 
shown). The use of more than one expression site has also been 
seen with other ELCs in the IsTaR | serodeme” and in the 
BoTaR serodeme of Trypanosoma equiperdum™, but is in con- 
trast to previous results in T. brucei”, To characterize these 
expression sites further, blots of restriction digests producing 
large (up to 50 kb) segments of 1.A 5‘ flanking sequence were 
hybridized with a synthetic probe complementary to a portion 
of the 35-nucleotide spliced leader found on the 5’ termini of 
-all VSG mRNAs**?’, Although the probe hybridized with the 
large tandem array of directly repeated 1.4-kb units™®?? pre- 
< viously suggested to be the VSG gene expression site promoter”, 
„and with orphons’*”®, it did not hybridize to the large fragments 
containing the 1.A gene. Therefore, none of these spliced leader 
ncoding sequences is within 50 kb of either the expressed or 
n-expressed LA genes. 

Both non-telomeric'**'*? and telomeric??? BC genes can 
be duplicated to form ELCs. The ELCs in both |.Ae and 1.A’ 
are duplicated from the telomeric gene, since all their restriction 
maps are identical 3’ to the ‘barren’ region and different from 
the map of the non-telomeric gene, especially the 3’ Hincll and 
Hinfl sites (Fig. 4). The duplicated segment extends minimally 
from the 5’ Sall site to the 3’ Hincll site and maximally from 
the 5' Rsal site to the end of the chromosome (Fig. 4). In 1.Ae, 
peck ee is eerwern the 5’ Sali and Rsal 












































n/tr nsposition of a small 3-5-kb BC 
cassette’ spanning the VSG coding region’ ™®7 but rather from 

en ted 5° to the coding region and extending 
n Such a model i is consistent with 





Fig. 4 Restriction maps. of IsTat I.A genes. a, The non-telomeric gene in all VATS. 
lomeric gene in IsTat 1.Db and IsTat 1.A’. f, g, The telomeric BC and ELC, respectively, in 1.A’. Restriction cleav. 
s were. determined by Southern hybridization analyses of genomic DNA (see, for example, Fig. 2). Several sites within the coding reg 
fi e been omitted for clarity (see Fig. 2d). The abbreviations for restriction endonucleases used are shown in Fig. 2. The arrow denote 
universal restriction site’ (Sall, Aval, Sphl and BstEID, indicating the telomeric end of a chromosome. The line above the scale indic 

? the I.A VSG coding region. a 


copy gene and the ‘expression site(s)’ as shown here and 
where’? 


these two sites. The predominance of 1.A may thus be due to 












b, c, The ELC and telomeric BC genes, ienien 

























, may increase the probability of recombination betwee 


its ability to use alternative mechanisms for VSG gene activation, | 
coupled with a higher frequency of recombination/gene con- 
version. | 
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ey DNA variation and evolution 


_ FERRIS, Sage and Wilson’ assayed wild- 
caught and inbred strains of mice (Mus 
:: domesticus) for variation in mitochondrial 
- DNA (mtDNA) using restriction enzyme 
digestion. They concluded that the data 
-showed either a common origin of ‘old’ 
- inbred strains (probably a single female) 
-or contamination from a single strain 
because all the ‘old’ inbred strains 
sared to share a common mtDNA pat- 
und rarely (2 mice in 56 tested) in 
vey: of wild: populations. 
r observations were made on 
s of single mice from each of 14 
laboratory strains (5 ‘new’ and 9 
and 15 wild populations; further 
ples of two and three mice were from 
ifferent origins. Thirty-six additional 
Id mice (origin not stated) were assayed 
using two restriction enzymes which could 
discriminate the ‘old—inbred’ pattern. 
- When all members of a sample of size N 
<- are identical for a particular pattern, the 
95% confidence intervals on the frequency 
_ Of that pattern are: for N = 1,0.025-1.00; 
< for N = 2, 0.158-1.00; for N= 3, 0.292- 
00. Because the size of samples used in 
these ono was small, it is poro 



































In another paper, Coen, Thoday and 
Dover” based their estimation of rates 
of ‘turnover’ in structural variants of 
the ribosomal gene of Drosophila 
elanogaster on samples of two X 
omosomes extracted from 10 pairs of 
female lines and samples of ‘at least 
(usually three’ X chromosomes from 
ypulation cages established with a mix- 
ure of all iso- “female lines; ‘The authors 





~ derived from the A aA On 
__ this basis no novel variants were detected 
in the paired iso-female lines and the rate 
: of ‘turnover’ was estimated. kek nab 





If these putative variants have arisen 
since the establishment of the lines, then 
the maximum rate of their production (m, 
the mutation or ‘turnover’ rate) is about 
3.74 1074 per generation which is of the 
same order as values obtained by Coen et 
al?. However, these estimates assume that 
the populations are large and no allowance 
is made for the finite size of the subline 
populations. Downes? gives estimates of 
the effective population sizes (N.) of the 
OK iso-female lines of between 90 and 
400. At these values of N, and m, the 
effects of the random sampling of gametes 
in each generation could have a consider- 
able effect on the fate of new variants 
because the majority will be lost in the 
first generation. Consequently, the 
chances of detecting ‘turnover’ would be 
low in such small populations and the 
measurement of its rate made more 
difficult by the small sample sizes. 
Similarly the small samples taken from the 
cage populations and absence of any infor- 
mation on the effective population sizes 
restrict the interpretation of the data. The 
results quoted by Coen et al. provide no 
reasonable prima facie evidence of sys- 
tematic change in the frequency of rDNA 
structural variants. The estimates of ‘tur- 
nover’ rates are based on the assumption 
that ‘turnover’ is occurring, not on a 
demonstration of its existence. 

The reports of both Ferris et al’ and 
Coen et al.’ describe the application of the 
techniques of molecular biology to investi- 
gate evolution. The procedures have 
exposed a range of variation which 
evolutionary biologists must consider 
seriously. However, the fascinating inter- 
pretations presented in these papers are 
not strongly supported by the data because 
alternative hypotheses cannot be elimi- 
nated. Acceptance of the conclusions of 
the two reports must await the availability 
of more data. 


JOHN A. BARRETT 
Department of Genetics, 
University of Liverpool, 
PO Box 147, 
Liverpool L69 3BX, UK 
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frequency is low (0.04) in wild mice (Mus __ 
domesticus). This finding contrasts sharply = 
with published protein-electrophoretic — 
evidence indicating that the nuclear genes 
of these laboratory strains are about as: 
different from one another as are rane 
domly picked nuclear allelles in wild — 
mice’. It was important not only to bring 
our finding to the attention of a wide 
audience but also to consider how to | 
explain this puzzling contrast in light of- 
the evidence that the mode of inheritance 
of mtDNA molecules differs from that of _ 
nuclear genes in being maternal. a 
Since these nine strains seen from pub- 
lished breeding records to be founded 
from at least five non-laboratory females, 
we calculated the probability of picking 
five mice with the ‘old inbred’ type at 
random from the wild. By ‘at random fron 
the wild’, we meant at random geographi- 
cally within the entire range occupied by 
wild members of the species M. domes- 
ticus. The best estimate of this probability, A 
based on the frequency observed in our > 
wild survey, is (0.04)°, that is, 107. This 
value, which has been confirmed by a more | 
extensive survey’, was so low that it led 
us to ask whether: (1) the five founding 
females were picked nonrandomly; (2) 
there was selection for the old inbred type; 
(3) there was frequent, unrecorded, con- 
tamination of one laboratory strain: b 
another's mtDNA. F 
It was our position’, which our. $I 
sequent work on many additional. mic 
confirms? t, that none of these possib 
explanations for the mtDNA uniformly 
the old inbred strains can yet be ruled o 
With regard to nonrandom sampli 
we pointed to published evidence tha 
most or all of the founding females cam 
from the pet mouse trade. Drift or sel 
tion within this population could. hz 
brought about a high frequency of the ‘ol 
inbred’ type of mtDNA. Alternativeh 
most of the wild mice used to establish o 
maintain the pet mouse population may __ 
have been trapped in a geographically _ 
nonrandom way, that is, froma particular 
region in which the ‘old inbred’ type hap- 
pened to be at high frequency. Our initial _ 
survey of mtDNA in wild mice was a wide- 
ranging one, designed to detect all the: 
major mtDNA lineages in M. domesticus’. 
We were aware that until a much mor 
extensive survey of mtDNA variabilit 
within and between wild populatio 
M. domesticus was conducted, t 
alternative could not be evaluated. Si 
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OEN ET AL. REPLY—Genetic turnover 
by unequal exchange and its evolutionary 
consequence of molecular drive is well 
tablished in the rDNA multigene family 
‘diverse species, since the classic studies 
Don F. Brown and colleagues in 1972 
r recent reviews see refs 1-3). To 
asure the rate of turnover we 
monitored, over several hundred gener- 
ations, the stability of rDNA length 
variants, the expected products.of unequal 
exchange*”, in isofemale lines of D. 
melanogaster®. Our experimental design 
was to compare individual X or Y chromo- 
-some rDNA variants taken from within 
each of several pairs of sublines, which 
had been established by splitting the F, 
progeny of each isofemale line and main- 
tained separately over the prescribed time. 
-By this means the stability of individual 
~chromosome lineages could be assessed. 
Given that many X and Y chromosome 
variants from within subline pairs were 
shown to be identical (that is, no change 
was observed within these specific 
chromosome lineages) we estimated the 
naximal rate of unequal exchange based 
on the proper statistic that takes into 
account all independent unchanged 
lineages across all subline pairs. If the 
turnover rate were higher than this 
“maximum, we would expect a smaller 
“number of unchanged lineages than was 
actually observed. We note that Barrett 
concludes his ‘criticism’ with a paraphrase 
o our own summary that in the time 

ir f the eperme „there is no 



























ae. i 
Barrett’s ee tor al 


‘chromosome lineages, each assaye 


Cycle period (ms) 


considered independently. Hence -t 
would be improved by a wider sampling 
of more subline pairs, that is, more 
lineages, rather than more chromosomes 
within subline pairs. 
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100 Hz is not the upper limit 
of synchronous 
muscle contraction 


SMITH’ has proposed that 100 Hz is the 
upper limit of contraction frequency in 
synchronous muscles—those muscles in 
which there is a 1:1 correspondence 
between motor neurone impulses and 
muscle contractions. In asynchronous 
muscles, contraction frequency can be 


30 





nau” Pagitoda clacqacius BS 


Fig. 1 


neurone impulses. Smith reached his con- ` 
statistical estimate of our maximal rate 


ch higher | than that of the motor È 


clusion after demonstrating that whitefly 
flight muscles with high operating | 
frequency are asynchronous rather than 
synchronous as was previously thought’. Aa 
100 Hz may represent an upper limit. of. 
wing stroke frequency for synchronous: 
flight muscles, but several synchronous - 
muscles have significantly higher operat- 
ing frequencies, notably sound-producing 
muscles | in bats, fish, crustacea m: 
insects” ee 

We have studied cicada tymbal muscle s, : 
which contract at high frequency during. 
sound production. These muscles. are. 
especially pertinent because a wide range 
of contraction frequencies is found by | 
examining different species’? and becat 
both synchronous and asynchronous 
bal muscles occur''. Our physiologica 
and fine-structural data show that so 
synchronous tymbal muscles operate 
over 200Hz (224Hz in  Psaltod 
claripennis). k 

In synchronous muscles, high contrac 
tion frequencies are made possible by 
muscle modifications that result in short ~ 
twitch duration. A comparison of several. 
species of cicadas having synchronous 
muscles’? shows a close correlation 
between twitch duration and contraction 
frequency (Fig. 1a) which extends over 
the full range of contraction frequencies. | 
However, one species, Platypleura ca, be 
tata, which has asynchronous muscles'', 
is vastly different in that it has a very 
short cycle period during singing but a- 
relatively long twitch duration. This is to 
be expected as high operating frequencie 















“ Prato oharpen 


o 1 20 30 40 #5O. 
Twitch duration (ms) 


a, The inferred cycle period (= reciprocal of contraction frequency) during the calling oe 


song compared with the isometric twitch duration (onset to 50% relaxation, at 30°C) of the 2 
partially isolated tymbal muscles for 10 species of cicada. b, Comparison of the myofibril area 


(measured stereologically from electronmicrographs of transverse sections) with the isometric 
twitch duration in tymbal muscles for 10 species of cicada. In a and b, all the species ha 
synchronous tymbal muscles except for Platypleura capitata, which is asynchronous. The lin 
are least-squares regression lines for the data, excluding P. capitata (r= 0.95 ina and b). In 

a, the unlabelled points represent the following species, in order of increasing twitch duration: 
ea pace harrisii, Psaltoda argentata, Magicicada cassini, Magicicada septendecim, Cyclochila 
>; -qustralasiae, Abricta curvicosta, Chlorocysta viridis and Cystosoma saundersii. Details of these 
| „yaperies : are ai dona "Two species e Coka and Tamasa tristigma 






















ct enous musde are achieved by 
ion of stretch activation/ release 
vation in muscles that basically have 

witches of long duration’? ”. 
Synchronous and asynchronous 
muscles can be distinguished by their fine 
> Structure, as Smith’ points out: the former 
_. possess an extensive sarcoplasmic 
-reticulum and T-system and tend to have 
-. small myofibrils, whereas the latter tend 
to have a very reduced sarcoplasmic 
reticulum and large myofibrils. In cicadas, 
twitch duration in synchronous tymbal 
_ Muscles is inversely related to the quantity 
of sarcoplasmic reticulum within each 
muscle fibre (R.K.J. and D.Y., in prepar- 
, The faster tymbal muscles also have 
myofibrils, with myofibril cross- 
area being the best morphologi- 
ictor of twitch duration (Fig. 1b). 
nchronous muscle of P. capitata is 
ifferent from fast, synchronous 
for example, that of P. claripennis) 
ing a large fibril area and in being 
y supplied with 












hus, synchronous tymbal muscles con- 
stitute a graded series, throughout which 
-contraction kinetics and fine structure are 
o closely correlated with the normal operat- 
-ing frequency. We have demonstrated that 
contraction frequencies of over 200 Hz are 
achieved within the synchronous mode of 

eration. Clearly, 100 Hz is not the upper 
mit of contraction frequency in syn- 
ironous muscles. 
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ncephalization | 
roconsul. africanus 


Al ER. et al ' recently suggeste 





sarcoplasmic — 







‘Table 1 


ie ovata ninanais 





Encephalization indices in Proconsul africanus and extant apes and monkeys 
N, 
EQ cc (x10° neurones) 

Proconsul africanus 48.8 19.6 1.9 
Pan troglodytes 41.1 35.6 3.6 
Pongo pygmaeus 31.6 30.1 3.3 
Gorilla gorilla 17.2 31.2 35 
Cercopithecoidea 22.9-82.0 8.0-20,2 0.92.1 


EQ = brain weight (g)/0.0991 (body weight, g)”7°?37- CC = brain weight (g)/(body weight, 


g)°73: for calculation of N., see ref. 6. 


they used an encephalization quotient 
(EQ) based on a particular allometric 
equation’. Here I re-examine the degree 
of encephalization of P. africanus by 
applying two additional, but different, 
indices of encephalization traditionally 
used in brain—body size studies: one based 


on the constant of cephalization (CC), 


the other on the extra neurone index (N..)°. 
Both approaches yield the same result, 
which is in conflict with that of Walker et 
al. According to these methods, the degree 
of encephalization of P. africanus is within 
the range of extant monkeys and substan- 
tially below that of the apes. 

The equation used by Walker et al. pro- 
vides an excellent fit for brain—body size 
relationships in high-level taxa such as the 
class Mammalia (mouse~elephant curve) 
or the order Primates (mouse lemur- 
gorilla curve). Because of its high 
exponent of allometry (0.76), however, it 
tends to overestimate the degree of 
encephalization for small-sized species 
while underestimating encephalization in 
larger species, when comparisons are 
made at a lower level of the hierarchy. 
This is the case because among closely 
related species or genera, brain weight 
scales at a much lower power of body 
weight with values of the exponent of 
allometry characteristically falling 
between 0.2 and 0.3 (refs 3, 4, 7, 8). In the 
study by Walker et al. this phenomenon 
leads to obviously erroneous results such 
as gorillas being less encephalized than 
the least encephalized monkey and the 
range for monkeys surpassing that of the 
apes at the upper end by a considerable 
margin (Table 1). Being aware of the 
strong limitations of their method, Walker 
et al. resort to a comparison of P. africanus 
with similar sized monkeys. While this 
alleviates the problem somewhat, the fact 





that the comparison of EQs is based on 


an equation fitting high-level taxa still 
leaves a major source of error. 

Using the same brain-body size data 
but an equation based on an exponent of 


allometry (0.23) consistent with brain- 


body size relationships among Tow-lev 
taxa, yields not oe different but mu 
ane 1). The i 


_with larger body weights having. 
` Fare boih indices used y Leu T 


P. africanus to be at the bottom of the 
range of apes (CC = 30) would require a 
cranial capacity of 255 cm’, almost 90cm? 
larger than the actual estimate, at a body 
weight estimate of 11 kg. Use of the extra | 
neurone index yields the same results 
(Table 1): apes fall closely together and 
are clearly above the monkey range with 
P. africanus in the upper end of the latter 

Thus, while P. africanus may share 
several derived traits with extant apes, 
relative brain size does not seem to be one 
of them. 
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OO mE ON te de 


SMITH AND WALKER REPLY- 
Leutenegger’s discussion and data ar 
useful addition to the interpretation of 
relative brain size in Proconsul africant 
but careful evaluation of his data confirms 
our conclusion that P. africanus shows. 
a tendency towards the increased 
encephalization that characterizes apes in 
comparison with monkeys. The indices 
used by Leutenegger do not eliminate the 
confounding effect of size that he correctly 
noted exists for the values that we reported 
when using a slope of 0.76 to calculate 
encephalization quotients. ae 

While our measurement of relative i 
size involved an inverse bias—anii 







































Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
-contribution should initially send his 
-manuscript to the author of the ori- 
- ginal paper and both parties should, 
"| wherever possible, agree on what is to 
a} be submitted. Neither contribution 

| nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of replies, to the effect that a 
ni 1S. taken, should be considered. 






















































lues are for several of the largest species 
Y: he group, ‘all from the genus Papio. 
ith ‘the extra neurone index (N), 
rison” reported that elephants have a 
value twice that of humans and porpoises 
have about the same values as we do. At 
the other end of the scale, the small South 
\merican squirrel monkey, Saimiri 
iureus, was grouped with lemurs and 
marmosets rather than with more closely 
elated, but larger, New World monkeys. 
erison himself noted that “If we demand 
that the values of N, correspond to an 
ordering in terms of behavioural capacities 
we must assume either that the assump- 
tions used in determining N, are 
insufficient or that we grossly underesti- 
mate the behavioural capacities of the 
elephant and porpoise. I would guess that 
both types of error occur, but I would 
prefer, for the present, to emphasize the 
second.” 

If, as these results suggest, there is a 
tendency for CC and N, to be underesti- 
mated for small species within a taxon, 
our suspicions of increased encephaliz- 
ation in P. africanus remain plausible. For 
both CC and N,, the values for P. africanus 
listed by Leutenegger are close to the high- 
est values for all monkeys and the mon- 
“keys with the higher values are also con- 
-siderably larger than P. africanus in body 
size. P. africanus has lower values than the 
‘extant great apes, but also has a much 
-smaller body size than these. 
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RECENTLY Toh et al.' reported the 
existence of amino acid sequence similar- 
ity between the reverse transcriptase of 
certain retroviruses and the DNA poly- 
merases of cauliflower mosaic virus 
(CaMV) as well as a region of hepatitis B 
virus (HBV) that probably encodes a DNA 
polymerase. For completeness, we draw 
attention to other regions of protein simi- 
larity between retroviruses (human T-cell 
leukaemia virus, HTLV; Moloney murine 
leukaemia virus, Mo-MuLV; and Rous 
sarcoma virus, RSV), HBV and CaMV that 
were not reported by Toh et al. 

The sequences are presented in Table 1 
and the relative positions of the similar 
regions indicated in Fig. 1. The common 
set of amino acids discussed by Toh et al. 
is conserved in the amino-terminal region 
of all retrovirus reverse transcriptases 
studied (regions I-III). These common 
sequences are located near the amino- 
terminus of the HBV protein and the 
centre of the CaMV polymerase. Another 
region of similarity, IV, hot discussed by 
Toh et al., is also found in all retroviruses 
and is present in the CaMV protein. 
Region V, reported by Toh et al, to be 
present in Mo-MuLV and RSV, is also 
found on HTLV. We also draw attention 
to sets of amino acids that are conserved 






































Table 1 Alignment of the similar regions in polymerase gene products among different viruses 
REGION res SEEK REG LOS VIRUS SEQUENT. 
we Tl sagen i er | i 
EO aT O INLRBAFF OH Ph r3 a AF 
Perea z i D a leli alg ii H an ED ele 
REV Hes oftl DeF Fist Pit aes ee 
Cast Hi IDECTEIS 6 F sigist 
pS r fale ch , ? 3 4 
CS moo omy 7 niv viniti s eli E Ris 
IO BE (Wik iL PO GF KNE FUTILE Momaiv "WHA YR o 
Mow Hiut ty fe RL PaF K NIS PITIL F : 
ev '? twix vic Piolet els piriatc ROO um DiR 
e dul ; l | 3 i 1 4 
cow July Vig Pirie x ga Pisi Bs E S 
sak l R HYLY 
I2? HTLY ee i ks GYM j H LL A SIP SH REY 
Moui = ILL alr ¥BRLLLAaTSE 
ae 7 mL ADD ELL AAS H 
coy CED ILE Siew me 
tate " LAFSIYESBOVVE Gam S « SV 
Nw Gale > BAYNL Pint HI i ERGIK KEES SE a) HTLY 
ot ~ EGGELKRED LLHIALFLPKAL. S§ RSY 
wry is cased <a pecalL LP REELS 
wea ¥ FRTEGRIGNA TF @laly PL.REAK 
al? 
; HTLY 
BUA 
Motta on 
RSS ARG 
MO HTLV Si GA 4 
Meter! a ia R Lij 
“3o o RTN x ipg A KS 3 E QRAELLG uy 
sera AP Ags pAGRAEL LAL 


“Moloney murine leukaemia virus, Mo-MuLV?: 


gaia the first amino acid i is numbered. 


r arcoma virus, RSV*; cauliflower mosaic virus, CaMV': 








Fig.1 Alignment oft the polymerase ge ene. n 
products among five different- vi 
depicting the regions shown in Table 















with respect to sequence and relative po io 
tion between the reverse transcriptases of 
HTLV and Mo-MuLV (MISMO a d 
HTLV and RSV (R1-R4). se 
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MICRO 84 9- 13 JULY 1984 | 
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Bloomsbury Crest Hotel 


Coram Street, London WC! 
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INTERNATIONAL SYMPOSIA AND EXHIBITION 
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Symposia Subjects will include 


Immunocytochemistry; Microscopy of Interfacial Structures * ; Specimen Preparation (Biological); LM and EM—Complementary Techniques; X-Ray 

Microscopy; Applications of Light Microscopy; TEM (STEM) "State of the Art t ; Environmental, Forensic and Archacological Microscopy * ; Modern 

Aspects of Microscopy (SEM/L.M)* ; Microscopical Measurement (LM); Image Recording and Computer-aided Collection of Data; Proteases and 

EE a SEM M Optimisation * : Histochemistry of the Eye; Acoustic Microscopy; In Situ Hybridisation; Biological X-Ray Microanalysis; Cryo 
~ Techniques t 


: (+ These symposia have a strong SEM emphasis) 
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Anyone. should find these glimpses of lives 
in other cultures. 
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Iwo New Titles in Genetics from Cold Spring Harbor Laboratory 


GENETIC MAPS 
A Compilation of Linkage and Restriction 
Maps of Genetically Studied Organisms 


Edited by Stephen J. O’Brien, Laboratory of 
Viral Carcinogenesis, National Cancer Institute 


Completely updated and expanded, this 1984 
edition of GENETIC MAPS contains 85 maps and 
covers 75 organisms. It includes linkage maps of all 
genetically studied organisms as well as restriction 
maps of the major bacterial and animal viruses, 
including lambda, T4, adenoviruses, S'V40, and all 
retroviruses. 

The only collection of its kind, GENETIC MAPS 
is an indispensible handbook for anyone involved in 
genetics whether researcher or student. 





June 1984, 500 pp. (approx.)}, illus. 
ISBN 07385269 13 
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GENETIC VARIABILITY 

IN RESPONSES TO 
CHEMICAL EXPO 

Banbury Report 16 

Edited by Gilbert 5. Omenn, University of 
Washington School of Public Health and 
Community Medicine and Harry V. Gelboin, 


National Cancer Institute, National Institutes 
of Health. 


A consideration of individual susceptibilities to en- 
vironmentally engendered afflictions as presented 
in formal papers and ensuing discussions from the 
October 1983 Banbury conference on “Genetic 
Predisposition in Responses to Chernical 
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- The Order of Man: A Biomathematical Anatomy of the Primates. By Charles Oxnard. 
Yale University Press: 1984. Pp.366. $30, £20. 





THE manner of acquiring knowledge about 
ourselves and our closest relatives, the 
primates, perceptibly changes every few 
_ years, so that the past two or three decades 
have witnessed the virtual transformation 
of primatology. Prior to this, apart from 
observations of captive animals and a few 
= pioneering field studies, primatology was 
< all but confined to classical comparative 
anatomical and palaeontological research. 
Primatology, or more accurately primate 
ve evolutionary biology, has now matured 
-into a discipline which embraces studies as 
< disparate as molecular evolution, ethology 
= and comparative neurobiology. 






Nonetheless, investigations of the form | 


of the skeleton, and comparisons of homo- 
~ logous skeletal parts, still play a prominent 
part in primate studies. The advent of 
computers, along with statistical 
techniques which allow several variables to 
be considered simultaneously, have pro- 
_ gressively added to the power and range of 
` these so-called morphometric methods, 
- and this book is the most recent of a 
> trilogy* by Charles Oxnard which describes 
-the basis, application, evolution and 
mpact of the newer morphometric 
techniques. The Order of Man is par- 
ticularly interesting because, more than 
either of the other books, it attempts to set 
these studies within the broader context of 
primatology. 
Morphometry is the reduction of a 
ymplex form, usually a bone, to numbers. 
Present-day techniques are sophisticated in 
: three respects. The first is the ingenuity of 
_ the ways in which shape and size are 
- recorded: simple linear measurements are 
` being superseded by three-dimensional co- 
ordinate and orthogonal analysis, as well as 
“by optical techniques. The second is the 
- application of morphometry to the internal 
-structure of bone, thus increasing the com- 
-parative information whic be gleaned 
from skeletal material. Finally, there is the 
= statistical treatment of the data. Multi- 
-variate techniques have been refined and 
elaborated so that the elements of a com- 
plex three-dimensional shape can be 
-visualized and more easily compared with 
a other homologous patterns. 
In the United Kingdom, it was the 
- Birmingham School of anatomists, led and 
spired by the now Lord Zuckerman, 
ho, in the post-War period, brought 
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bivariate, and then multivariate statistics to 
the study of the skeletons of living and 
fossil primates. Claims for the recognition 
of new and different sorts of hominids were 
often, and sometimes correctly, based on 
morphological features; but, with some 
honourable exceptions, little attempt was 
made to support these decisions with 
quantitative data. To those unfamiliar with 
the morphology of such material it was 
easy, but unfair, to interpret all this work 


as unsound. Nonetheless, even when data | 


could be assessed metrically, Zuckerman 
and his statistical collaborators saw the 
flaw in methods which implied that each 
measurement provided a separate ‘‘proof’’ 
of difference or affinity. They pioneered 
the introduction and use of simple statis- 
tical tests, and later used multivariate 
methods which were able to identify, and 
allow for, correlation and covariance 
between measurements. This work was 
continued by E.H. Ashton and Oxnard, 
who represent the first and second gen- 
erations of the Birmingham School. 
Though much of their work has been col- 
laborative, Oxnard has emerged as the 
spokesman, and indeed the doyen, of pri- 
mate morphometry. So this book doubles 
as a statement of personal scientific philo- 
sophy, as well as being a prospectus for the 
morphometric cause. 

Morphometry has two main applications 
in primatology — the analysis of form in 
terms of, first, function and, second, 
affinity. As I understand it, the gist of the 
first application, as it has been applied to 
locomotion, is the following. Individual 
primate taxa show a range of locomotor 
and positional behaviours. Thus, the skele- 


ton has to tolerate a range of imposed 
stresses and strains. These methods seek to | 


find out whether some activities — leaping 
and hanging, for example — impose such 
constraints on skeletal variation (or vice 
versa) that the activity can be recognized in 
the bones. The second application, the 
essentially phenetic comparison of form, 
has found most use in the study of fossils, 
particularly fossil hominids. All fossils, 
like living individuals, are unique, but the 


problem is how to assess the significance of | 
the differences between them. If they are | 


greater than the variation in analogous 





modern taxa, or are qualitatively different 






various regions of the keltoi The ae 
tors of multivariate methods will claim that 
what these studies have revealed is. eviden 
to an experienced anatomist, but this is 
altogether too glib an assessment. By un- 
tangling the web of intercorrelation, such 
methods reveal patterns of association 
otherwise concealed from conventional 


analysis, and some studies, particularly = 


those on the scapula and the pelvis, have 
provided important functional insights. 
However, perhaps more interesting than 
the results themselves is the way that 


Oxnard regards them. He apparently no = 


longer sees these techniques as part of the 


armamentarium of the primatologist, but 
instead regards morphometry as one of. __ 
three, seemingly discrete, approaches ` 


which can be used to determine relation- ` 
ships among primates (the other two being ~ 
classical morphology and molecular 
evidence). Oxnard appears to see these 
technique-based divisions as somehow 
being in competition, and he points to the 
concordance of patterns shown by the 
molecular and morphometric techniques as 


-evidence of the efficacy of the latter. 


Apart from the dubious logic of such 
tests, the examples of concordance which 
are quoted are not as reliable as is implied in 
the text. For example the apparent agree- 
ment between morphometric and 
molecular evidence, that Tarsius is the 
sister group of the anthropoids, is con- 
trasted with the conclusions of classical. 
studies which class it as a prosimian. How- 
ever, the molecular evidence for Tarsius i 
at best equivocal, and there is cogen 
evidence from classical morphology 
suggest that Tarsius should be included 
with the anthropoidea, in the Haplorhini. 
These details apart, I am dismayed to see a. 
holistic approach to primate studie 
abandoned in favour of a compart 
mentalized one. It neglects other importan 
lines of evidence, behaviour for example 
and it implies that the three broa 
approaches provide the same type o 
information. Although some multivariate. 
techniques take account of within-group 
correlation, the raw material of morpho- 
metrics is phenetic data. While some — 
perhaps even most — of this data reflects _ 
patristic affinity, part of it is likely tò 
reflect parallelism and convergence, and 
thus confound attempts to determine 
“true”? relationships. This philosophical 
shift in the way Oxnard views the evidence 
of comparative morphometrics, towards. 
regarding it as suitable grist for the primate. 
systematic mill, is thus a major change. It 
also one which runs counter t 
emphasis in recent years, -exempli 
cladistic methods, „Whith str 

of analysing 


from those seen in intraspecific variation, | importanc 


| then taxonomic distinction is warranted. 


Morphometry provides the means to. 


these copier sens and assessments. 










































































and his colleagues have used morphometric 
and other evidence to demonstrate con- 
vincingly that the australopithecines are 
different from both modern man and the 
extant apes; in short, that they are unique. 
This generalization has been accepted by 
most hominid palacontologists, even 
“though some specimens such as the foot 
= (OH 8) from Olduvai are still the object of 
<- the palaeontological equivalent of hand- 
< to-hand fighting. Oxnard is right to claim 
.eredit for contributing to this conclusion. 
But he is wrong to suggest that it was mor- 
.phometric evidence alone which brought 
: about the change. 
-> There is, however, less agreement about 
the significance of this phenetic unique- 
ess. While Oxnard and his colleagues 
gard it as debarring both the robust and 
racile australopithecines from an 
ancestral relationship to Homo, others see 
one, or both, of the gracile australo- 
pithecine taxa as potential ancestors of 
either the Homo or robust australopi- 
yecine clades, or perhaps both. The 
ormer position would be vindicated if a 
more suitable Homo ancestor were to be 
found which was either synchronic with, or 
alder than, the australopithecines. Oxnard 
makes this prediction explicit in the book, 
, $0 it is particularly puzzling that he includes 
a nota bene section which draws attention 
to the generally ‘‘ape-like’’ morphology of 
Australopithecus afarensis. If anything, 
current interpretations of this earlier form 
of gracile australopithecine tend to 
. emphasize the relatively Homo-like 
features of A. africanus, and it is by no 
means certain that, despite its “‘morpho- 
metric’? uniqueness, it can be excluded asa 
common ancestor of both Homo and the 
robust australopithecines. It is simply not 
true, nor has it been for a decade or more, 
to say that patterns of human evolution in 
the literature ‘‘all conform to the notion of 
a single lineage’’. Since the abandonment 
of the ‘‘single-species’’ hypothesis most, if 
not all, hominid phylogenetic trees have 
incorporated a separate robust australo- 
pithecine lineage, and the recent schemes 
Sof Johanson, White and Kimbel 
“incorporate the gracile australopithecines 
within it. Thus, in continuing to attack the 





i long with many other workers, Oxnard J 





ilinear " evolutionary Hodal Oraa 
spends most of the concluding chapter 
delivering a coup de grace to an opponent 
that has long since left the field. Oxnard is 
not familiar with the fossil evidence, and it 
shows throughout this section. 

The design of the book and style of the 
text deserve comment, for they reflect 
Charles Oxnard’s laudable desire to 
innovate. The layout is pleasing to the eye, 
but at times infuriating for the reader. 
Many figures are three or four pages away 
from the relevant text, and one is eight 
pages adrift. Despite the desire expressed in 
the preface that The Order of Man should 
be accessible to the beginner and the lay- 


person, and the inclusion of an abstract | 


and a summary for each chapter, this is 
clearly not a book for the non-specialist. 
Nobody is better at explaining these diffi- 
cult techniques than Oxnard, and indeed 
the early chapters discuss some general 
methodological problems with commend- 
able conciseness and clarity. But most of 
the book is made up of highly technical 


diagrams, and the text takes for granted a 


considerable grasp of primate taxonomy 
and of systematics on the part of the 
reader. 

The Order of Man is not merely a 
compilation of the published work of the 
descendants of the Birmingham School, 
yet neither is it an objective or compre- 
hensive review of the contribution of mor- 
phometrics to primate studies. There is a 
dearth of self-criticism, and perhaps a 
surfeit of self-congratulation. It is as if the 
author were so impatient of the 
assessments of others, or so exasperated by 
the lukewarm response of his peers to 
published analyses, that he decided to act 
as his own judge and jury. Oxnard and his 
colleagues have offered much to current 


| debates in primatology, but this text makes 


it no easier to understand where they are 
bound, apart from the prospect of mega- 
computations based on data from both 
limbs and trunk combined. I fancy that in 
the decades ahead this unusual book will be 
of as much interest to historians of science 
as it will to primatologists. a 


Bernard Wood is Courtauld Professor of 
Anatomy at The Middlesex Hospital Medical 
School, University of London. 
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Quarks, Gluons and Lattices. 

By M. Creutz. 

Cambridge University Press: 1983. 
Pp.169. £17.50, $34.50. 











RELATIVISTIC quantum field theory poses. — 
some of the hardest and most intriguing 
problems known to theoretical physicists. 
On the one hand the divergent perturbation — 
series of quantum electrodynamics. 
correctly predicts the magnetic moment of 
the electron to eleven significant places. On 
the other hand the experimentalists insist 
that protons are made of quarks, which =- 
refuse to behave as naive analogues of the — 
proton and neutron in the nucleus or of the & 
electron and proton in the hydrogen atom. ._ 
No matter how hard one bangs protons — . 
together no quarks come out. Yet starting © 
from a Hamiltonian written in terms of. 
quark and spin coloured gluon fields, any 
application of perturbation theory would -> 
give free quarks. S 
So, theoretical physicists have been 
forced to alternative non-perturbative 
approximation schemes. The most popular 
is, at first sight, the most unlikely. Space- 
time is vandalized and reduced to a 
discrete, finite volume lattice. This kills all 
the sacred cows of translation invariance, 
Lorentz invariance and rotation — 
invariance. We are off to a bad start. . 
However, the system now consists of a = 
finite number of degrees of freedom. Thus - 
it is amenable to direct numerical 
simulation. Also, it is now very like a solid- 
state problem where much intuition has 
been accumulated. For example, near a — 
second-order phase transition the 
correlation length or inverse mass goes to 
infinity and details of the lattice are washed - 
out. This is the route to recovering Lore tz 
invariance! The limit must be taken in 
parameter space to a point where the 
correlation length becomes infinite in 
lattice spacings. This is equivalent to: the ue 
lattice spacing tending to zero as required = 
to recover the original field theory. : 
The purpose of Mike Creutz’s elegant 
book is to provide a gentle introduction to 
the basic results in lattice field theory. It 




























| -succeeds admirably. Without drowning the 


reader in detail, sufficient background is 

given to make the book very readable and 

provide an easy route to the research lite- 

rature. Enough examples of calculations 

are given to develop real confidence in 

manipulating gauge groups 
du all the 
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» The Rothschild Collection of Fleas: The 
< Ceratophyllidae. 

-By Robert Traub, Miriam Rothschild and 
John Haddow. 

Published privately {distributed by Acad- 
emic Press): 1983. Pp.494. £60, $99. 








-WE have here a contradiction to the state- 
= ment: ‘‘No great and enduring volume can 
-Jever be written on the fleas, though many 
there be who have tried it” (H. Melville in 
“Moby Dick, Chapter 104). Preceded by 


five volumes of the J//ustrated Catalogue of | 


Fleas (Siphonaptera) in the British 
_ Museum (Natural History), this review of 
he Ceratophyllidae has been particularly 
lifficult and time-consuming to prepare. 







-the family was published, the number of 
< component species has increased from 71 
o about 470 in 65 genera and subgenera, or 
~ about 20% of all known fleas. 
~. As in the previous volumes, the speci- 
mens in the Rothschild and British 
Museum collections are listed. However, 
because of the sheer number of ceratophy!- 
lid species, the format of this volume 
-differs from that of the first five. The keys 
< (by F.G.A.M. Smit) to genera and sub- 
. genera (seven genera and eight subgenera 
< are described as new) are preceded by a 
detailed account of morphology and a 
able of comparative morphology of the 
losely related family Leptopsyllidae, and 
_ are illustrated by 205 line-drawings and 90 
: photomicrographs (by J. Navarro and R. 
Traub) of definitive structures of each 
enus. 
The sections on zoogeography and 
istribution, and the notes on hosts, 
nclude comments on the ecology of each 
- ceratophyllid species. A distribution map 
. accompanies the introductory remarks for 
each genus. The 151 full-page maps show 
collecting localities of each species on a 
~ background of the distribution of the chief 
< host — a formidable task for much of the 
-= world, when dealing with so many different 
~ flea and host species from: 
localities. 
The review of hosts of cetatophyllids i isa 
classic exposition of host-parasite rela- 


























- tionships, special reference being made to | 


the historical distribution of the chief hosts 


(especially the more-recently evolved | 





Sciuridae, Cricetidae, Geomyidae; and 
certain birds). It appears to me that the 
a nesting ype oF many important avian 








ceratophyllids parasitize their chief mam- 
malian hosts. 

This section leads on to an equally valu- 
able account of the evolution of the Cera- 
tophyllidae from the standpoints of 
historical biogeography and host-relation- 
ships, morphology, taxonomy, phylogeny, 
physiology, behaviour and geological age. 


| The conclusions are that these fleas, like 


their major and aboriginal hosts (Sciuri- 
dae), arose in the Nearctic Region about 
30-40 million years ago (early Oligocene) 
and that they are also the most recently 
evolved and highly developed group of 
Siphonaptera. 

in the chapter on medical importance, 
Traub stresses that ceratophyllids do not 
have a large role in the epidemiology of 
plague and murine typhus but are clearly 


_important as vectors of zoonotic agents 

among small mammals, primarily rodents, 
| which are the ultimate source of human | 
since 1936, when the last critical review of | 


disease. The introductory remarks on 
factors affecting epidemiology illustrate 
Traub’s broad experience in the area of 
arthropod-borne diseases. Ceratophyllids 
are discussed in relation to plague, tulare- 
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Science in Government: A Review of the 
Principles and Practice of Science Policy. 
By J. Ronayne. 

Edward Arnold: 1984. Pp.250. 

Pbk £9.95, $19.95, 





For the reader familiar with recent writings 
on science policy, there are few surprises or 
new insights in this book. However, it is an 
excellent and comprehensive review of a 
diverse and scattered literature — I know 
of no other book where this material has 
been brought together in such an organized 
and coherent way. 

Ronayne interprets the term ‘“‘science 
policy” as “‘policy for science”; there is 
little discussion of the use of science to 
inform political decisions about non- 
scientific issues — what is usually termed 
“‘science for policy”. He deals with how 
national governments are or should be 


| organized to support scientific research 


and development; the theory and practice 
of determining priorities among areas of 
research; the pervasive tensions between 


the claims of the scientific community for | 


autonomy and the demands of society or 
the political system for accountability; the 
rationales for government intervention or 
non-intervention in the industrial 


-| innovation system; the role of science 
“policy in fostering industrial innovation | fro 
and economic growth, and the con 





ution of basic research to the econo! 





and the re lative merits of central 


mia, other bacterial infections, rickettsiae, 








viruses, and other infections and medical 
aspects. 7 

Three appendices complete the book, i 
the first listing species described since 1975, 
the second dealing with the orders of hosts. 
(and the number of families, genera and ` 
species in each) and the number of cerato- 
phyllids (genera/subgenera) and other flea 
families associated with these host orders 
and families. Finally, Appendix 3 is an 
alphabetical list of host genera together 
with the major ceratophyllid species infest- 
ing each. 

In the preface, the authors state that 
their aim was to provide a sound base for 
future work on this family of parasites and 
to assist the medical entomologist in the 
task of identifying his specimens. They ~ 
have amply fulfilled their mission, and 
have contributed much solid data and 
conceptual wisdom to the biomedical 
sciences. G 



























Harry Hoogstraal is Senior Scientist at the US- 
Naval Medical Research Unit No.3, Cairo, 
Egypt, and President-elect of the American 
Society of Parasitologists. 


debate, Ronayne concludes that society: 
should determine the broad goals of. 
research and areas of emphasis, while leav- 
ing questions of tactics and execution to the 
scientific community. On the question of . 
scientific priorities, he is sceptical of the 
value of formalized analytical techniques. 
of assessment, except possibly as an. 
indirect stimulus to more systematic. 
thought about opportunities and needs. He : 
quotes with approval a University of- 
Sussex dictum that ‘‘cost-benefit dade ; 
should not be undertaken...when the- 
results may be taken seriously”’. Finally, on. 
centralism versus pluralism, he seems te 
recommend a middle course, somewhat: 
biased towards a semi-centralized position, . 
in which ‘‘countries employ their scientist 
and technologists in a concerted manner to 
attack the problems that emerged in the 
new economic context’’, a 
Most of what is available in the literature : 
consists either of advocacy or of multi- 
authored collections in which no attempt is =. 
made to contrast and analyse various pers- 
pectives. In addition to providing a com- 
parative view, the book contains excellent 
descriptions of the government organi- = —— 
zation for science sponsorship and science 
policy in most of the major industrialized 
countries. It should thus provide a valuable. 
textbook for an introductory course in- 
science policy, and it deserves a wide 
audience. One unique feature is th 
chapter, which presents a cond: 
nory o of the evolution of scienc 
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| Academic: 1983. Pp.348. ISBN 0-12-239980-3. 339. 
Induced Mutations in Plant Breeding. Monographs | 


on Theoretical and Applied Genetics, Vol.7. By W. 
GOTTSCHALK and G. WOLFF. Springer-Verlag: 


1983. Pp.238. ISBN 3-540-12184-6/0-387-12184-6. DM. 


98, 340, 50. 

Information Sources in Biotechnology. By A. 
CRAFTS-LIGHTY. Macmillan Press, London/The 
Nature Press: 1983. Pp.306. Pbk ISBN 0-333-36178-4/ 
O-943818-04-4, £40. 

An International Survey of Distributions of Histo- 
logic Types of Tumours of the Testis and Ovary. H. 
STALBERG (ed.}. International Union Against 


< Cancer, Geneva: 1983. Pp.353. Pbk ISBN 92- 
> ao 9018-075-7, SwFr, 48, $24. 

_.,. Liver Transplantation. R.Y. CALNE (ed.). Grune & — 
aiton: 1983, Pp.408. ISBN 0-8089-1550-9. £35, 360. 





Microbial Controt of Plant Pests and Diseases. 
ts of Microbiology, Vol.7. By J.W. DEACON. 
md- Reinhold: 








E Diagnosis, Treatment and Gaesti 
1983. Pp.88. Pbk OR T yA. SANDHOL? | 





Mild Hypertension: Recent Advances, F. GROSS | 
and T. STRASSER (eds). Raven: 1983. Pp.446. ISBN 
0-89004-808-8, S56. 

Modern Management of High-Risk Pregnancy. 
N.H. LAUERSEN fed.) Plenum: 1983, Pp. 508. ISBN 
0-306-41306-X, $59, 50. s 

Muscular Dystrophy: Biomedical Aspects. 5. 
EBASHI and E. OZAWA (eds). Springer- ` 
Verlag/Japan Scientific Societies Press: 1983. Pp.302.° 
ISBN 3-540-12342-3 /0-387-12242-3/4-7622-63 357-5, 
DM 79, 334. 10. | g 

Oscillations in Mathematical Biology. Lecture Notes 
in Biomathematics, Vol.41. Proceedings of a Confer- 
ence held April 1982, Adelphi University. LPE 
HODGSON (ed.). Springer-Verlag: 1983. Pp.196. Pbk 
ISBN 3-540-12670-8/0-38?-12670-8. DM 32.50, $12.90, 

The Peptides, Vol.5: Special Methods in Peptide 
Synthesis, Part B. E. GROSS and J, MEIENHOFER 
(eds). Academic: 1983. Pp.508. ISBN 0-12-304205-4. 
$79, $0. 

Pest Slugs and Snails: Biology and Control. By D, 
GODAN. Springer-Verlag: 1983, Pp.445. ISBN © 
3-540-11894-2/0-387-1 1894-2. DM 196, 384. 50. pi 

Pharmacology, 12th Edn. By G.E. TREASE and ; 
W.C. EVANS, Bailliére Tindall: 1983. Pp.812. ISBN ~ 
0-7020-1007-3. £18.50. d 

Piant Proteins for Human Food. Proceedings of a > 
European Congress held October 1981, France. CLE. = 
BODWELL and L, PETIT (eds). Martinus Nijhoff: > 
1983. Pp.471, ISBN 90-247-2856-8. DG 125, 854.50. ©. 

Plasmapheresis: Therapeutic Applications and New = 
Techniques. Y. NOSE et ai. (eds). Raven: 1983, Pp.462. 
ISBN 0-89004-980-7. $72. 

Post-Harvest Pathology of Fruits and Vegetables. C. 
DENNIS (ed.). Academie: 1983. Pp. 280. ISBN G-12- . 
210680-6. £25, $42. i 

The Preservation of Fruit and Vegetable Food 
Products. By S.D, HOLDSWORTH. Macmillan Press, 
London: 1983. Pp.159. Pbk ISBN 0-333-32292-4. 
£6.95. 

Problems of Antiviral Therapy. C.H. STUART- 
HARRIS and J. OXFORD (eds). Academic: 1983, 
Pp.290. ISBN 0-12-674760-1. £17, $30. 

Problems of Drug Dependence, 1982. L.S. HARRIS _ 
(ed.). US Department of Health & Human Services: 
1983. Pp. 552, Np. 3 

Progestogens in Therapy. Serono Symposia Publi-. 
cations from Raven Press, Vol.3. G. BENAGIANO, P, 
ZULLI and E. DICZFALUSY (eds). Raven: 1983. 
Pp. 280. ISBN 0-89004-856-8, 368.50. A 

Progress in Clinical Immunology: The Role of Heh 
Chemical Mediators and Cellular Interactions. i 
Monographs in Allergy, Vol.18. M. RICCI and G: 
MARONE (eds). Karger: 1983. Pp.314. ISBN 
3-8035-3697-6. SwFr. 164, DM 196, $98.25. 

Progress in Retinal Research, Vol.2. N. 
OSBORNE and G.J. CHADER (eds). Pergamon: S 
1983. Pp.330. ISBN 0-08-030773-6. £40, $72. 0 os 

Protection Against Trichothecene Mycotoxins, as 
Committee on Protection Against Mycotoxins: ’ 
National Academy of Sciences Press: 1983. Pp.227. 
Pbk ISBN 0-309-03430-2. $17.95. 

Protective Agents in Cancer. D.C.H. McBRIEN and 
T.F. SLATER (eds). Academic: 1983. Pp.320. ISBN 
0-12-481770-X. £18, $30. 

Recombinant DNA Applications to Human Disease, 
Banbury Report 14. C.T. CASKEY and R.L. WHITE 
(eds), Cold Spring Harbor Laboratory; 1983. Pp.375. 














ISBN 0-87969-214-6. $55 (US), $66 (elsewhere). 


Recombinant DNA: A Short Course. By J.D. 
WATSON, J. TOOZE and D.T. KURTZ. W.H. 
Freeman: 1983. Pp.260. Hbk ISBN 0-7167- 1483-3; pbk 
ISBN 0-7167-1484-1, Hbk £24.93; pbk £14.95, 

Rhythms in Biology and Other Fields of Appli- 
cations: Deterministic and Stochastic Approaches. 
Lecture Notes in Biomathematics, Vol.49. Proceedings 
of a Meeting held September 1981, France. M: 
COSNARD, J. DEMONGEOT and A. Le BRETON 
(eds). Springer-Verlag: 1983. Pp. 400, pk ISBN - 

3-$40-12302-4/0-38 7-123 | M Si | F 
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1983. Pp. 275. ISBN 030641375. $45. 
Sexually Transmitted Diseases in Homose: | 
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MONASH UNIVERSITY 
Melbourne, Australia 
CHAIR OF EARTH 

SCIENCES 


_ Applications are invited for the 
_ Position of Professor and Chairman 
of the Department of Earth Sciences. 


Earth Sciences is an active 
“department which has rapidly gained 
san established national and inter- 
ational reputation for the high 
uality of its graduates and research. 
With nine academic staff and eight 
technical staff, it covers a wide range 
` interests, including structural 
geology, igneous, metamorphic and 
ore petrology/geochemistry, sedi- 
--mMentology, marine geology, palae- 
climatology, palaeontology, and 
“regional geology and tectonics. A 
+ teaching and research program in 
= geophysics begins in 1985 with the 
appointment of two academic staff. 
-Fhe postgraduate body includes six 
- post-doctoral research workers. and 
“twenty-five PhD and MSc students. 


~~ The Department is well equipped 
¿for experimental and analytical 
studies and has strong field-based 
` interests. It enjoys good relationships 
- with industry and is involved in joint 
“research projects. The Department 
-has an excellent record of attracting: 
— research funds from Australian and 
< overseas grant bodies, 

























_ An innovative earth scientist with a 
. Strong research reputation is sought 
“to administer the Department and 
/auide future development. The 
--ecessful applicant must have out- 
¿»anding leadership and admini- 
istrative qualities, and the ability to 
interact positively with academics 
and industry. Applicants’ interests 
should strengthen and/or comple- 
Ment existing teaching and research 
‘in Department. It is hoped that the 
“new Chairman will take up duty in 
early 1985, ae 
Enquiries about the Depa: 


may be directed to Dr Ian Ni holis, | 


‘Deputy Chairman. 
Salary: A$51,006 p.a. Super- 


-annuation, travel and removal allow- |... 
ance, and temporary housing assis- |. _ 






UNIVERSITY 
OF BRISTOL 


DEPARTMENT OF 
BOTANY 


ICI POST-DOCTORAL 
FELLOW 


Applicants should have recently 
completed their PhD in bacteriology 
and/or mycology. A background 
knowledge of plant pathology and 
agriculture would be most desirable, 
and a clean car driving licence is 
essential. The project willrun for two 
years, extendable for one further 
year, and will (1) develop biological 


control agents against soil-borne dis- 


eases and, (2) look for other agricul- 
turally useful bacteria. The starting 
date is Ist July or as soon thereafter 
as possible. 


Applications, with two copies of 
curriculum vitae and the names of 
two referees, should be sent to Dr R 
Campbell, Department of Botany, 
University of Bristol, Woodland 
Road, Bristol BS8 IUG, England, by 
3ist May, 1984. 


RESEARCH TECHNICIAN 
Applications are also invited for the 
post of techician to work on the 
above project. Details and appli- 


cation procedure as above. (2051A 





scheme, subsidised restaurant 
assistance where appropriate. 


th all advertisements submitted to him at his absolute aaa 
y loss occasioned by the failure of any advertisement to appear from any ae 





errors, although every care is taken to avoid mistakes. 


QUEEN ELIZABETH 
COLLEGE 
Kensington 

(University of London) 

BIOCHEMISTRY DEPARTMENT 


CYTOGENETICIST 


required for a leukaemia Research 
Fund supported project mapping 
human genes associated with 
chromosomal changes in leukaemias. 
Experience in cytogenetics is essential 
and an MSc or PhD are desirable. 
The post will provide the opportunity 
for a skilled cytogeneticist to learn 
some techniques of molecular 
genetics and recombinant DNA. The 
post is tenable for three years and is 
available immediately. The salary 
will be up to £8530 pa, depending on 
age, qualifications and experience, 
plus £1186 pa London Allowance. 


Applications with curriculum vitae 
and the names of two academic 
referees should be sent to Mrs. J. 
Staight, Assistant College Secretary, 
Queen Elizabeth College, Campden 
Hill Road, Kensington, London W8 
7AH. Further details may be 
obtained from Dr. Susan Malcolm by 
telephoning 01-937 5411. 


Closing date: Ist June 1984. 
(2031)A 





Chemical 
Thermodynamicist 


BP Research Centre is looking for a Chemical Thermodynamicist tojoinitsteam 
in Petroleum Engineering Branch investigating various aspects of the phase — 

behaviour of hydrocarbon fluids. The post offered is for the study of transport 
properties of multicomponent fluids over a wide range of temperatures and 
pressures, including the critical region. 


Candidates should possess a PhD in Chemical Thermodynamics and have 
experience in the experimental and theoretical study of transport properties 
and phase equilibria. Practical experience in com 
pressure technology is essential. 


An attractive remuneration package includes non-contributory pension 
, on-site sports and social facilities and relocation 


Please write, quoting reference | SR.2432 to: 
‘Mrs. Anne Hendry, The British Petrote 
| Chertsey Road, Sunbury-on-Thames 








puter programming and high 


um Company plc, BP Research Centre 
Middlesex TW16 7LN. (2 








ROYAL FREE HOSPITAL _ 
SCHOOL OF MEDICINE _ 
(University of London). — 
“NEW BLOOD” LECTURER 
IN MEDICAL VIROLOGY 

































annuation benefits, Eight co 
curriculum vitae and name 
referees to be sent by 8th June 
the School Office, R 

Rowland Hill Street, London 
2PF, (01-794 0500 ext 4262 















which further details 
obtained. E 












































































We are seeking a 


animal experimentation is expected. 


names of referees to 











Brunner Strasse 59 





SANDOZ 


Chisholm Institute 
of Technology 


MELBOURNE, AUSTRALIA. 
Dean 


-Faculty of Technology 
(Ret. 84/38) 
Applications. are invited from ig ot Eiger persons for appointment as 
Dean, Faculty of Lachine ih Chisholm institute of Technology. The ap- 
intee will be a member of the senior management team and will report to the 
irector. 
Chishoim institute of Technology is a multi-discipline post-secondary edu- 
cation institution offering a wide range of tertiary. specialist ang continuing 
education courses on two campuses with an enrolment in advanced education 
courses in excess of 6,500. in January 1984 the Schools of Applied Science, 
Computing & Information Systems and Engineering were amaigamated to 
form a new Faculty of Technology which offers associate diploma, diploma, 
2 gree, post-graduate diploma and masters courses ina wide range of 
_ scientific and technological disciplines to approximately 2,100 students. 
Applicants should preferably possess a higher degree, an outstanding record 
of achievement in academic and/or industrial research and development, 
~ together with a demonstrated ability to lead creatively the education and 
research activities of a multi-disciplinary Faculty. 
os tis expected that the appointee will be able to identify with the projected 
~ thrusts of the Faculty, provide academic leadership and foster and extend 
established links with professional associations, industry and government 
agencies. at ee es 














unal 5%: 





SANDOZ RESEARCH INSTITUTE 
Vienna, Austria 


is one of three research centres of the Swiss-based international 
Pharma-group SANDOZ. Our task is the development of new 
pharmaceuticals for the prophylaxis and therapy of infectious 

diseases and cancer. 


SANDOZ Research Institute 
Personnel Department 


A-1236 Vienna/ Austria 


TUMOUR IMMUNOLOGIST 
(PhD or MD) 


The successful candidate will study the influence of biological response modifiers on 
tumour growth and metastasis both in vitro and in animal models. 


_ A minimum of two years postdoctoral experience in the field of tumour research and 
~ Research facilities and working conditions are excellent. Salary will be negotiable, 


commensurate with experience and qualifications. Other benefits include a nom 
contributory pension plan and full reimbursement of moving expenses. 



































Please send application with curriculum vitae, a list of publications and the 


(W983) A 


LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
(University of London) 
Keppel Street, WCIE 7HT 
DEPARTMENT OF MEDICAL 
HELMINTHOLOGY 


A “NEW BLOOD" LECTURESHIP 


is available for a postdoctoral 
scientist under the age of 35 years to 


helminth antigens. Applications are 
invited from candidates with 
experience in gene cloning and/or 
immunology to lead studies on the 
genetic engineering of helminth 
and immunodiagnosis, with 
somiasis and filariasis. The work is to 
be carried out in collaboration with 










Molecular Medical Microbiology and 
Parasitology, and will be an integral 











infections. 
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to the School’s Senior 


mal | Secretary by 14 June 1984. (2039), 








| | The National Museums of Kenya | 
i | invite applications from. active | 


E post of Director of Research, IPR: 


| | to a new facility, hasa staff of 60. 





work on the genetic engineering of | 


antigens for defined antigen vaccines | 


particular emphasis on. schisto- | 
the School’s Wolfson Unit of | 


part of the research of well- ` 
established groups: at the School | 
studying the immunology of these | 






“RESEARCH | 
INSTUTE OF PRIMATE 


RESEARCH (IPR) 









research scientists with: 
managerial experience. for the | 
















The Institute has recently moved | 


including 6 postdoctoral re- 
| searchers and carries out studies- 
in primate reproduction, tropical. 
| disease and conservation. 

| The Director of Research will be: | 
responsible for furthering the- 
scientific reputation of the. 
institute, for attracting research | 
grants (currently in excess of: 
$300K per year), for maintaining 
research and training links with > 
other agencies within Africa and 4 
internationally; and will wish to™ 
pursue his own research pro- 
gramme as well as managing the- 
development of the Institutes. 
Experience of successful researc 
in developing countries would be- 
an advantage. Ke 
The salary and conditions of | 
service will reflect the impor 
tance of this post within the- 
National Museums of Kenya: 
Applications, with detailed 
c.v. and the names of three — 
referees, should be addressed 
to: R.E. Leakey, Chief | 
Executive, National Museums - 
of Kenya, PO Box 40658, | 
Nairobi, Kenya, to arrive 
before 1 July 1984. (2016A = 


















































SCOTTISH CROP z 
RESEARCH INSTITUTE Ue 
Invergowrie, iT 
Dundee DD2 5DA fe 
HIGHER SCIENTIFIC = 
OFFICER 
A Plant Physiologist is required 
Department of Physiology and C; 
Production to join a group of physic” 
logists studying growth and develop- 
ment of the potato at both crop and 
single plant level. de 


The appointee will investigate the 
carbohydrate balance of the growing 
tuber, factors affecting tuber dry 
matter content, and the influence of 
growing conditions and genotype on 
subsequent sugar accumulation 
during storage. 


Qualifications: A first or upper 
second class honours degree with at 
least two years post qualifying rele- 
vant research experience which may 
be a course of research leading to a 
PhD degree. 


alary: £7,149-£9,561. 





















Group Leader 


Connaught Laboratories Limited is seeking a distinguished scientist to lead an active and growing | 
team in the field of molecular genetics, oriented towards research into products of biological and 

medical signficance. The successful candidate will have extensive research experience and an |- 
outstanding publication record, demonstrating scientific creativity and a broad background in all | 
aspects of molecular biology. Previous experience as a Group Leader, Project Leader or Principal | 


Investigator is essential, while industrial experience is desirable but not essential. 










J Connaught Laboratories has been a major producer of biologicals for human and veterinary use _ 
-| for seventy years. Our research facilities are located in Toronto, Ontario. The Company offers a _ 
f competitive salary and comprehensive benefits package including a bonus scheme, along with the. 
“| opportunity to work in a stimulating, multidisciplinary research environment. 


=- Curriculum vitae and names of three fetarenceaahould be sentin confidence to Dr Keith. 
J. Dorrington, Vice-President, Research and Technology, Connaught Laboratories Ltd., 
1755 Steeles Avenue West, Willowdale, Ontario, Canada M2R 3T4. (NW521)A 





AN EQUAL OPPORTUNITY EMPLOYER 


[H CONNAUGHT, 


where service complements research 
















GRADUATE ASSIST ANT — 

















































- UNIVERSITY OF LONDON UNIVERSITY OF DURHAM 
King’s College London PEPARTMENP AET HES Biochemistry/ Microscopy 
— Queen Elizabeth College The Friedrich Miescher-Institute has a vacancy fora graduate a assis 
Chelsea College ae Rice aalitied f s - B to to work on the development of microscopic methods for imm 
pany q F 1 October 1984 histochemistry using monoclonal antibodies and in situ hybridiza 
appointment from 1 October OF using CDNA probes. A good background in biochemistry is esse 
‘NEW BLOOD’ earlier by arrangement as Although familiarity with histochemical procedures is also desir 







training in microscopic techniques will be given where necessary. 


WEECTURESHIP IN PHYSICS institute possesses excellent facilities for electron microscopy and alli 












SENIOR RESEARCH techniques and the appointment also involves responsibility for 
_ Applications are invited for an ASSISTANT/SENIOR į maintenance. 
< appointment from 1 October 1984| EXPERIMENTAL OFFICER The position offers the possibility of long-term employment 


: under the ‘new blood’ scheme i in the research environment with a minimum of routine work, 


research field of ‘Inverse source 
problems in physics’. The successful 
candidate will contribute to research, 
already strongly represente 
Image Analysis Grow 
-Professor R E Burge, on 


Applications, including cv, should be addressed to Dr A. Matu 


The successful applicant will join: « | Friedrich Miescher-institut, P.O. Box 2543, CH-4002 Basel, 


team working on Very High Energy | Sue Switzer i TONNE : , seen VSIA . 
Gamma Ray Astronomy and will. 
contribute to the construction, com“ 

















































UNIVERSITY OF 























: d deployment of a large | 
problems in scattering by electro- | ators se mt POSTDOCTORAL POSITION 
l : pe for the detection of 200GEY:, | . 

Tough surfacea scarring sion | BAA tays usine the round baned | ye binding 2f ADhe | pepanrwcen og a EISTE 
the phase problem. Bie coltion. T ae Cerenkov radiation environmental chemicals to biologi- | DEPARTMENT OF BIOCHEMISTR’ 
The three Colleges are in the p ss | cal and model membranes and the POSTDOCTORAL 
of merging, and the Physi o The appointment would suit an | relationship of binding to membrane RESEARCH ASSISTANT 
ment. is being located on $ experimental physicist/astronomer, | activity. Requires PhD in bio- 

| Experience in electronics, computing | chemistry or other area of relevant | An SERC funded postdoctoral , 





: site of King’ $ College. © 
oe or observational astronomy w ould be 
a an advantage. 


Salary will be on the IA scale. 
ee 190-<£11 615 pa with super- | 


training. Research background in 

s, binding studies, and 
liposome preparation highly pre- 
ferred. Salary Tange 315, enii CAR 


tion to work on the mech 
exocytosis in mast cells 
for one year from Octo 


Salary. will be 
3530- 0 accord 











; of age on 1 Q ld be less 
plier hold a permanent 
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M.R.C. CLINICAL RESEARCH CENTRE 
(NORTHWICK PARK HOSPITAL) 
WATFORD ROAD, HARROW, 
MIDDLESEX HA1 3UJ 


POST-DOCTORAL FELLOW 
in MOLECULAR BIOLOGY _ 


Applications are invited from science graduates for a three year post: F 
doctoral position in the molecular medicine research group to work: on 
the molecular basis of atherosclerosis. A minimum of 3 years’ =: 
experience in molecular biology is essential. 


Salary scales are related to those for University non-clinical academic |: 
staff and salary on appointment will depend on age and experience. — 
Informal enquiries may be made to Dr. James Scott (Head of Research 
Group) on 01-864 5311 ext 2257. 


Application forms and further details available from Miss J 
Cottam, Personnel Section, ext 2673 quoting reference 















plications are invited jar the following a appointments which 
ve been awarded by the University Grants Committee as part 
“of its ‘New Blood’ initiative. 


Department of Ophthalmic Optics 


"NEW BLOOD” LECTURESHIP 
(Ref: 605/6) 


A vision scientist is required to join a multi-disciplinary team of 

researchers in the Clinical Neurophysiology Unit. The appointee 
will work on theoretical, physiological and pathological aspects 
of eye-movements and will also contribute to the Undergraduate 
Honours Degree Course in Ophthalmic Optics. 








































resent working in any o 


itiate new research p 
sys ms appropriate for t 


| genetic technology. 


within a Researc 


NIVERSITY OF ABERDEEN 


EPARTMENT OF BIO-MEDICAL 
'HYSICS & BIO-ENGINEERING 


‘NEW BLOOD’ 







LECTURESHIP FOR 
MEDICAL IMAGING (NMR) 


licants invited to join inter- 
onally known NMR Imaging 
of 11 total (8 MRC supported) 
y Professor Mallard, Dr JMS 
hison and Dr M Foster. The 











echniques for the detection and 
ocalisation of atheroma and: the 
maging of materials contal 













ba JET. Tel: 021-359 3611 TEA 4564. 
Closing date for the receipt of applications is 15th June, 1984 


sful applicant will be par- 


cularly concerned with developing _ othe scales for Research and 


“Analogous Staff, plus USS benefits. 








‘The Department is seeking a young person of exceptional 
“promise. The ideal candidate will have a record of significant 
‘publications and the ability to work in a creative group of 
colleagues on research, teaching and the development of new 
techniques for clinical investigation. 


Department of Pharmacy 


“NEW BLOOD” LECTURESHIP IN 
ADVANCED DRUG-DELIVERY 
SYSTEM DESIGN (ref: 606/6) 


seek to attract a your pe rson of exceptional promise at 

e basic or pharmaceutical sciences 
and motivated to make an original contribution within the area 
f advanced drug-delivery system design. 
successful candidate will be expected to collaborate with 
bers of the Drug Development Research Group and to 
rojects on the desi 
re novel molecules and therapeutic 
‘ategies engendered by recent advances in molecular biology 


n of drug-delivery 


The department proposes to co-ordinate its research activities 

k Institute framework and concentrate its efforts 
in innovative and commercially relevant projects. 
recurrent research budget of the Department from external 
sources is in excess of £600 K and considerable resources will be 
sso to support the new post. 


Serie Aan will be for a period of three years initially, 

: e possibility of renewal or subsequent transfer to a 
continuing appointment. Initial salary will be within and up to 
the maximum of the range £7,190 to £14,125 per annum. 

‘he Stat OM forms and further particulars may be obtained from: 
Officer (quoting th the appropriate reference number), 


The annual 


, Gosta Green, Birmin 


(2062)A 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF GENETICS 
POSTDOCTORAL POST 


A Postdoctoral position is available 


in the Department of Genetics for 3 | 
years from October 1984, to work | 
with Dr Howard Jacobs on the | 
Isolation and Characterisation of | 


Nuclear-coded Mitochondrial Genes 
from Mammalian Cells. 
research is funded by an MRC 
Project Grant, and salary will be at 
the appropriate point on Range 1A of 


Applicants should be familiar with 


somatic cell genetics and/or 
recombi ant t DNA fechniques. 













| Administrator, The Department of 


i South Parks Road, Oxford OXI 


This | 


| dif ferential scanning calorimetry and 


: ee ‘Station, Laramie, WY 8207 5 USA. 
OF Telephone: P Tem 
Ae wi 


111/ 1/ 3981, 


Closing date for applications 7th June 1984. 








































UNIVERSITY OF OXFORD 


DEPARTMENT OF BIOCHEMISTRY 
BIOMEDICAL NMR GROUP 


GRADUATE RESEARCH 

ASSISTANT 
(REF: BT 104) 
Applications are invited from grad- 
uates in electronic engineering, 
physics or allied subjects for the 
above post. The research, funded for 
four years by a programme grant, is 
concerned with biochemical and 
clinical investigations using NMR 
spectroscopy. The multi-disciplinary | 
group, under the direction of Dr GK 
Radda, FRS, is located in the Depart- 
ment of Biochemistry and in the 
medical Facility at the John Radcliffe 
Hospital. The successful candidate 
will be expected to participate in 
developing NMR spectroscopy and 
imaging techniques for human 
studies. 


Salary: on the scale £6310-£8530. 


Applications: Including names and 
addresses of two referees, not later 
than the 9th June 1984 to: The 


Biochemistry, University of Oxford, 


30U. 
(2026)A 


UNIVERSITY OF WYOMING | 
DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL POSITION 


available for two (2) years to study 
either the biochemistry of human 
mixed cryoimmunoglobulins or the 
spatial relationships among 
crystallins in the mammalian: tens. 

Experimental approaches include l 
spectroscopy {fluorescence energy 
transfer, CD, photoacoustic FTIR), 


chemical crosslinking. No previous 
experience in these areas is necessary 
but an interest in applying physical 


| approaches to biomedical ‘problems | 
| is essential. : 


(2015A 


BIRBECK COLLEGE 
(University of London) 
DEPARTMENT OF CHEMISTRY & 


d 

POSTDOCTORAL ` 

RESEARCH OFFICER IN _ 
PHOTOCHEMISTRY AND 
ENERGY TECHNOLOGY _ 


Photochemistry will be used to probe. 
the mechanism of free radical 
reactions in coals, with particular 
emphasis on novel processes for coal. 

liquefaction. This SERC Research- 
Officer post is available for two years 
from September 1984. Appointment. 
will be made on scale £8080-£8530 pa 

(under review) plus £1186 pa London. 
Weighting. Applicants should have a- 
background in either organic photo- . 
chemistry or coal chemistry. 
Applications in duplicate to include 
full CV and names and addresses of- 
two referees should be sent to the. 
Assistant Secretary (Personnel) {Ny} 
Birkbeck College, Malet Street, 
London WCIE 7HX. Further infor- 
mation can be obtained from Dr J R 

Darwent, Department of Chemistry- 
(01-580 6622 ext 223). ROINA 





UNIVERSITY 
OF OXFORD 


NUFFIELD DEPT OF 
CLINICAL MEDICINE 


John Radcliffe Hospital 


POSTDOCTORAL ~ 
RESEARCH FELLOW 


Applications are invited for the 
above post to join an existing team. 
working on the elucidation of the 
molecular basis of Duchenne and 
Becker muscular dystrophies. The 
project is supported by the Muscular 
Dystrophy Group of Great Britain. 
Previous experience of DNA recom- 
binant eeoeey is peur but not 


Staff 1A £7,190. 
vailab 






Salay: Research k 








Please send cv and have three (3) | imm ned dia 







Biochemistry, : 


t | letters of reference forwarded to: Dr. job d ae 
| Russ. Middaugh, Department of | 2S 
a of. ae ical Mec 



























F interactions between several 
| intracellular microbial pathogens 
and the cellular defenses in both 
normal and immunosuppressed 
-i animals. Current research is 
“directed towards understanding 
-F cellular interactions responsible | 
for the modulation of delayed- 
type hypersensitivity and | 
acquired antimicrobial resistance 
| during the development of | 
PE -chronic systemic disease in 
4 inbred mice. Candidates should 
“| have a strong background in 
EANNA eee. or in 































7 eitu is a 
pavate; not-for-profit basic 
medical research institution 
situated on the shores of Lower | 
Saranac Lake, about a mile from | | Fe 

the village of Saranac Lakeand 10 | | p---e 
miles from Lake Placid, NY. On- N BESS 
impus housing is available. 
aay is at appropriate NIH | omun 
Send curriculum vitae and | | Cae ree. 
names of three references to: 
“Dr Frank M. Collins, Trudeau PO" 
Institute, P.O. Box 59 Saranac 
: | Lake, N.Y. 12963. An Equal 
-$ Opportunity Employer. 

(NW525)A 

















































MIPCORP 
RESEARCH MANAGER 

Cultivation of Algae. manage labor- 
tory and field cultivation of 
pirulina algae; oversee research of 
ew strains, conduct studies of 
~<growth rate and use of nutritionally 
-important and other algae for mass 
~ culture/large scale algae ponds in 
> Desert Hot Springs area. MS in 
- Microbiology or Botany, and 4 years 




















‘aquired. $25,000/yr, 40/hrs/wk. | | . -n sg! 
Tape OMORE. PO s | LABORATORY SERVICE the anion transport system in normal, EDINBURGH 
7. Boulder Creek, CA 95006. BOARD fetal and malignant liver cells, Must | | pe 
’ : (NW528)A have three (3) years experience in POSTDOCTORAL 
a PHLS CENTRE FOR APPLIED membranes and Immunology. Must | POSITIONS IN MOLECU 
UNIVERSITY COLLEGE MICROBIOLOGY AND RESEARCH tetas in ater Salary BIOLOGY >- 
N ‘OL E | MICRO TECHNOLOG ed yr. Job site in L.A., E be m a 
6 On MIC ere ahaa OGY i }-California. Send this ad and your Sei i yess ie in imm 
“New Blood” Lectureshi BASIC GRADE | resumeto job no.4077, P.O. Box 865, | % a eae : al sion are 
| RAACEUTESHID dns | =| Sacramento, CA 95804 no later than | 24 gene manipulation are r 
CELL BIOLOGY a MICROBIOLOGIST to join a team engag 


Applications are invited” for the | required to join a group of scientists. | 
studying the microbial sequestration 
ee tof heavy metals and the microbial | 
$ UGC’s “New Blood” initiative. The | degradation of chlorinated organic | 
- post is available from 1 October 1984 | compounds. The successful applicant 
‘and candidates should normally be: should preferably have a PhD in- 
aged 35 or under. | microbiology or biochemistry. 


K The post is funded by a research | 
contract from.the Department of the: 
f | Environment and i is tenable until July 






above Lectureship in the Depart nent : 


of Experimental Pathology unde 













; Applicants should. be in t 
-position of initiating and carrying « 
a research programme in the field of 
the transport and chemical 









1986. 


— co ia g of viral. ‘proteins: within Salary will be in the range of £6277 





p “Sala ary in range £7,190-£14, 125 per 
am È eer ion Alo piss £1, 186 per. 








— £8349. 





area, the main:computing project underway is the building of a palaeontology data. 


. experience in culturing of algae PUBLIC HEALTH RESEARCH SCIENTIST, to study 






Stratigraphy Branch 
BP Research Centre, Sunbury 


Geologist - 
Computer Analyst 


The Stratigraphy Branch of the Exploration and Production Division at the BP Research 
Centre in Sunbury requires a geologist with a strong and proven interest in computing. 
Applicants should have a first degree in geology and substantial experience of 
programming and using computers. Experience in the use and administration of data 
bases would be an advantage. 


The successful applicant will work within the Computer Applications Section which 
currently supports two areas of work: palaeontology and stratigraphy. In the former 






























base and associated applications programs for retrieval and graphical display of data. 
The principal stratigraphy computing project is the development of a linked data base © 
— mapping system for the production of palaeoreconstructed maps with - 

super-imposed geological information. 

The present requirement is for a person with capabilities in two areas: data base 
administration and applications programming. The successful applicant will be 
responsible for maintaining the palaeontology data base and for maintaining links with 
other databases. A strong interest in the organisation and maintenance of large ` 
amounts of diverse data is therefore an essential prerequisite for the job. Additionally, 
the post holder will undertake applications programming tasks covering a range of 
disciplines within petroleum exploration geology. 

The salary and benefits package reflects that of a major international business and — 
includes a non-contributory pension scheme, subsidised restaurant and on-site sports 
and social facilities. 


Please write, enclosing full curriculum vitae and quoting reference number STR 2617, to: 
Mrs. A. Hendry, BP Research Centre, Sunbury-on Thames, Middx. TW16 7LN. {2054A — 


BP Exploration Limite | 


UNIVERSITY O) 

























































eee. e ANEN identification and cloning of:. 


for clinically important antigens 
human malaria parasite. | oe 























UNIVERSITY OF 
CAMBBRIDGE 





Send cv and the names of 4 
DEPARTMENT OF PHYSICS referees to: Dr J G Scaife, De 
POLYMER SCIENCE ment of Molecular Biology, Darw 
RESEARCH Building, Edinburgh Univers 














it is wished to fill a vacancy from 1 Sees E J ae > Ro 
October for a postdoctoral scientist To 
with qualifications in physics, 
| chemistry or materials science to 

- work on a SERC supported research 
project. applying TEM techniques to 


Ga moe of Biere in a polymer |. nov 











PHOSPHOINOSITID! 
oe Postdoct vr 































































AUSTRALIA 


PHYSICIST 
; $A24, 344-$A35, 806 
DIVISION OF TEXTILE PHYSICS 
RYDE NSW 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of 
whom some 2,900 are professional scientists. The Organization’ S 
research activities are grouped into five Institutes: Animal and Food 
Sciences, Biological Resources, Energy and Earth Resources, 

justrial Technology and Physical Sciences. The CSIRO Division of 
extile Physics is a member of the Institute of Industrial Technology. 


FIELD: Fabric filtration. 


GENERAL: The Division of Textile Physics has a program concerned 
th research into various aspects of the use of textiles for the 

on of dust from gas streams, especially flue gases in, eg, 

nd power stations. 

ES: Asa member of the Fabric Filtration Group, undertake 
itch on the relevant properties of textiles, the interaction of dust 
the textiles, and adhesion of dust particles within the collected 


A CATIONS: A PhD degree or equivalent qualifications with 
rest in applied physics and mathematics. Knowledge and 
ce in fields such as adhesion studies involving textiles or 

s in general would be an advantage. 

'ENURE: indefinite with Australian Government superannuation 
nefits available. 

PLICATIONS: Stating relevant personal and professional details, 
ames of at least two referees and quoting reference No A1167, 
be directed to: 

~The Chief 

“CSIRO Division of Textile Physics 

338 Blaxland Road 

RYDE NSW 2112 

AUSTRALIA 

June 15th, 1984. 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
| {WS85IA 


UNIVERSITY COLLEGE 
CARDIFF 


DEPARTMENT OF PHYSIOLOGY 


STDOCTORAL POSITION 
LIQUID STRUCTURE 
.. RESEARCH 


NIVERSITY OF GUELPH 


iquid structure group in the 
Department is seeking a 
toral Research Fellow to 
the area of structure and 
tics of gases and liquids. 
it programs include measure- 
‘and simulation of the 
amics of dense noble gases and of 
entz gas model systems, 








‘NEW BLOOD’ 
LECTURESHIP 








inyited from candidates with 
experience in cardiovascular 
physiology and an interest in pur- 
suing research relating to the control 










make preliminary enquiries should 





















~ well as e two 
m diffractometers at McMaster 
; ae Chalk River Nuclear 
ories, the group has an X-ray 


44211 ext 2002). 


Candidates should be less than 35 

| years old, and must not currently 
and is pioneering the | hold a permanent University 
ie Ocoee aama. -ray | appointment in the UK. Appoint- 
| ment to commence on the ist 
October, 1984, and will be made at 
| the appropriate eer on the lecturer 


Applications for the above post are | 


of cortical blood flow. Candidates | 
wishing to visit the department or | 
contact Professor A M Sillito (0222 | 


| receptor pharmacology and the 
| appointee would be expected to take 


| research programme in the gener 
_ area of receptor pharmacology a 


A wo si set 
to i the. Vice- | 


RTRA A referees: she wid be 


F i Tune. 





Applications are invited from suitably. qualified persons, . 4 
regardless of sex, race, colour, or national origin for — 


appointment to the following positions at the University of 9-4 
Witwatersrand, Johannesburg. 


ASSOCIATE PROFESSOR/SENIOR 
LECTURER 
Department of Genetics 


Applicants should have a PhD in Genetics or an equivalent. 
qualification in an appropriate related field such as 
Microbiology or Biochemistry together with a working 
knowledge of Genetics. 

The successful candidate will be expected to teach topics in 
Prokaryotic Molecular Genetics and Genetics of Micro- 
organisms to third-year and Honours students and to under- 
take supervision of post-graduate students in these fields. A 
knowledge of recombinant DNA technology and an interest in 
the molecular genetics of higher plants will be a 


recommendation. 
LECTURER 
Department of Chemistry 


Applicants should hold a PhD and have developed research 
interests at post-doctoral level in the general field of organic 
chemistry. 

Salary level will be determined according to the 
qualifications and experience of the successful candidates 
and the ranges include a 12% pensionable allowance.* 


Associate Professor: R23,785 — R29,248 per annum. 
Senior Lecturer: R18,543 — R26,930 per annum. 
Lecturer: R14,178 — R24,834 per annum. 


Benefits for elegible applicants include an annual bonus 
* pension * medical aid facilities * housing subsidy 
* remission of fees for dependants attending the University 
e travel assistance * removal costs ® settling-in allowance. 

A detailed information sheet can be obtained from Geof 
Henning, South African Universities Office, Chichester 
House, 278 High Holborn, London WC2V 7HE, quoting 
ref.1193 clearly on the envelope. 

* £1 = R1,79 approx. (2044) A 





w UNIVERSITY OF 
THE WITWATERSRAND 























ST MARY’S HOSPITAL UNIVERSITY COLLEGE 
MEDICAL SCHOOL LONDON 
(University of London) - 

Norfolk Place, POSTDOCTORAL POSITION 
London W2 IPG IN 
Applications are invited for the post | ELECTROPHYSIOLOGICAL 
PHARMACOLOGY i 


Applicants are invited for work on 
neurotransmitter-operated ion 
channels. At present this work 
involves mainly single ion channel 
recording from neuronal cells from 
peripheral autonomic ganglia, 
_ though other methods and other pre- 
“parations may also be used. The 
‘laboratory has long term MRC 
support to David Colquhoun: and 
Stuart G. Cull-Candy and is well 
equ ped for this sort of work, Those. 

lied for our recently 


The appointment calls for experience 
in the teaching of physiological and 


immediate responsibility for the 
teaching of these areas within the pre- 
clinical course. An interest and 
experience in the application of com- 
puting techniques in both teaching 
and research is also desirable. The 
appointee will be expected to pursue a | 


















also to develop BSc teaching opao ad 
in this area. ie hee. 


Applicat ons in diie | in the : < “ease i 
ll-cv with names and. Pri fess 





















mediate y in the Genetics Dest. 
jent, NCSU, Position involves 70% 
Ft earch and 30% teaching. Indivi- 
» dual expected to have strong training 
“and expertise in molecular biology 
and to develop a high quality research 
program. Applications must be 
received by 15 July 1984. Send CV, 
-statement of research and teaching 
‘interest and three letter of reference 
to: Dr John G Scandalios, Head, 
Department of Genetics, Box 7614, 
North Carolina State University, 
Raleigh, NC 27695-7614. 


North Carolina State University is 
an affirmative action/equal 
opportunity employer. (NWS534)A 





MEDICAL RESEARCH 
COUNCIL 
SCIENTIST GRADE H 
Ref MS/35/84 


_ Applications are invited for a short 
term non-clinical scientific post 
. tenable for three years, Candidates of 
«immediately post-doctoral status will 
be preferred. The appointee will 
< work as a member of a group on an 
> established project concerned with 
 eytogenetic and molecular aspects of 
_. Malignancy in cultured human B 
lymphoid cells. Experience in 
molecular biology will be an 
advantage but is not essential. Salary 
- according to age and experience will 
cbe on MRC scales, and applications 
= with the names of two referees should 
© þe forwarded to Mr A Douglas, 
- Administrator, MRC Clinical and 
© Population Cytogenetics Unit, 
- Western General Hospital, Crewe 
< Road, Edinburgh, EH4 2XU by 4th 
-June 1984, quoting reference MS/5/84. 
(2019A 








OXFORD POLYTECHNIC 


DEPARTMENT OF GEOLOGY AND 
PHYSICAL SCIENCES 


TEMPORARY TECHNICIAL 
eager — GEOLOGY 
REF: 5/18 


Temporary technician required from 
August/September 1984 initially for 
one year with the probability of a 
further year. For the first year duties 
will include cataloguing and curating 
of geological specimens and prepar- 
ation of laboratories for. poeem 
classes. A 






For the second year assistance 


would be required with the prepar- 
ation of thin-sections for teaching, 
research and student projects. 
Appropriate qualifications in 


Geology (eg BTEC, HNC or Degree) 
and/or experience in the art şo 





mentioned desirable, 


Salary according to qualifica 
and experience in the range Sez 


Scale 3 £5640-£6135 
Scale 4 £6264-£7005 







‘appropriate. | | 
D A on TEN T d 
s fr Staffin; 











Plus qualification al allowance where:| 





CENTRE FOR 
REPRODUCTIVE BIOLOGY, 
UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 
LECTURER IN 
REPRODUCTIVE BIOLOGY 


Applications are invited from 
scientists under 35 years of age for the 
above post created under the New 
Blood Scheme. Persons already 
holding a permanent university 


appointment in the UK are not | 
eligible. The successful applicant will | 
be expected to undertake research | 
related to the biology of gametes in | 


collaboration with a team of 
scientists and clinicians involved with 
human in vitro fertilization. 


Teaching responsibilities include the | 
supervision and training of PhD | 


students and research fellows. There 
are excellent opportunities for col- 
laborative research with other 
scientists in the centre. 


The salary will beat anappropriate | 
point on the scale £10,710-£14,125 | 


per annum. 


Further particulars can be 
obtained from Professor David T 
Baird, Department of Obstetrics and 
Gynaecology, University of 
Edinburgh, Centre for Reproductive 
Biology, 37 Chalmers Street, Edin- 
burgh, EH3 9EW. 


Applications (12 copies) including 
curriculum vitae and giving the 
names and addresses of two referees, 
should be sent to The Secretary to the 
University, University of Edinburgh, 
Old College, South Bridge, 
Edinburgh, EH8 9YL. By 30th June, 
1984. 


Please quote reference NB6 (84). 
(2049)A 


TEMPLE UNIVERSITY OF MEDI- 
CINE DEPT. OF MICROBI- 
OLOGY and IMMUNOLOGY ~~ 
Applications are invited for two full 
time faculty positions (one at tenure 
track) at the Assistant or Associate 
professor level. We are searching for 
highly qualified individuals able to 
establish a productive independent 


research program. Candidates must. 1 


have a Doctoral degree, extensive 


post-doctoral experience and || 
publications in microbial genetics, | 
molecular biology of host pathogen | 
interactions or immunology. | 









Successful candidates will also b 
members of the graduate faculty and 


will have responsibility for teaching’ | 
both graduate and medical students. 
Curren tly the Department consists of 1 

13 full time resident faculty members. | 
plus several joint and affiliated ap- | 
pointees, and operates active }| 


doctoral and post-doctora 


| programs. Numerous opportunities. | 

: nary interactions and | 
7 available with | 
individuals with mutual interest in ji 

| the Department, the Institution, and | 
li Send | 

vitae ane mea of three. |] 


for interdiscipli 
collaboration are 





hiladelphia area. 





biotechnology companies. Based in the UK. The Com 





|. with commercial divisions of the company and will also. be 













Celltech is one of the World's leading specialist | 


is backed by four major City of London financial 
institutions. A strong scientific team has now been built 3 
up in the areas of recombinant-DNA and cell-hybridisation _ 
and continued expansion is envisaged: close links are also. | 
maintained with the academic community. The Company __ 
aims to exploit the potential of discoveries arising inthe 
field of biotechnology, and commercial successes have 
already been adhieved in several areas. | 


CHIEF TECHNICIAN — 
Immunology 


Further expansion of Celltech’s activities in areas of 
immunology including production of monocional | 
antibodies as well as cell produced factors that regulate — 
the immune response is planned. This gives rise toa 
position for a highly skilled Tissue Culture Technician ' 
very wide experience in many tissue culture applicati 
such as both primary cultures and cell lines. 
This person will have responsibility for operation of a new 
tissue culture laboratory, supervision and training of 
personnel as well as collaborate with scientists on a wide. 
variety of scientific problems using the facilities. The 
successful candidate should have at least fifteen years’ - 
experience of tissue culture including growing of a large. 
number of different kinds of rodent and human cells, 
growth and assay of a wide variety of viruses, cell fusio! 
technology, diagnostic assays, protein separation . 
techniques and assays. A part of the research programme 
involves growing and cloning of different cells. The 
training of staff in all these areas is part of the 
responsibility of this position. 
Since it is expected that Celltech will expand its Ti 
laboratories, experience in design and setting up oF simi 
tissue culture laboratories is essential. ; 


Please quote reference number 202. 


GROUP LEADER 


We require a group Leader to run a section of several : 
Tissue Culture Technicians who produce and assay — 
monoclonal antibodies. Applicants should have at least 5 
years’ post-doctoral experience with a good grounding i in 
immunology. i 
The successful applicant will be required to interact witht 
other research groups inside and outside the company an 
















































































expected to carry out bench work in addition to the above 
managerial duties. ae 


Please quote reference number 203. 

















To apply, please send a full C.V. quoting 3 the 
appropriate reference number to:- 5 


Jane e Walley, 4 Personnel | Officer Celitech in 








RESEARCH FELLOW 

= $A24,344-$A30,038 

DIVISION OF APPLIED PHYSICS 
= LINDFIELD NSW 


SIRO conducts scientific and technological research in laboratories 
ocated throughout Australia and employs about 7,500 staff, of 
whom some 2,900 are professional scientists. The Organization’ S 
esearch activities are grouped into five Institutes: Animal and Food 
tences, Biological Resources, Energy and Earth Resources, 
dustrial Technology and Physical Sciences. The CSIRO Division of 
pplied Physics is a member of the Institute of Physical Sciences. 


Th 3 Division, with a staff of nearly 400, undertakes research in 

ipplied physics related to. problems in industry and community, and 
Orates with industry in exploiting promising developments. 
includes programs in optics; electric, magnetic and thermal 
f materials; discharges in gases; and the measurement of 
n The Division is also responsible for the maintenance of 
an standards of physical measurement. 
wishes to appoint a Research Fellow under the 
an National Research oe Scheme to work on the 
ion, properties and uses of glassy metals. 


| he National Research Fellowship Scheme, preference is given 
stralian citizens or residents. 
























ES: The appointee will join an existing research program and 
art in. research aimed at producing new glassy metals and 
igating their properties. 

FICATIONS: A PhD degree in physics, metallurgy, materials 
@ or engineering, or equivalent qualifications, plus proven 
earch ability. 

TENURE: A term of 3 years. Australian Government superannuation 
enefits are available, 

PPLICATIONS: Stating full personal and professional details, the 
yames of at least two referees, and quoting reference No M8668, 
ould be directed to: 

The Chief 

. CSIRO Division of Applied Physics 

“PO Box 218 

LINDFIELD NSW 2070 

AUSTRALIA 

by June 15, 1984. 

CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 






















f WORS) A 






POLYTECHNIC OF 
CENTRAL LONDON 


Faculty of Engineering and Science 
SCHOOL OF BIOTECHNOLOGY 





















RTMENT OF BIOLOGICAL 
“SCIENCE 
POSTDOCTORAL 
“RESEARCH FELLOW 
lications are invited from candi- 
ates who have recently graduated or 
pect to graduate in the near future 
ith a PhD Degree in Biochemical or 
emical Sciences. The post, for two 
funded by a grant provided | 
ultiple sclerosis society to Dr. 
Brophy and Dr. A. Watts of 
Ixford. University... “Candidates 
sh uld have some Earesience | in one 


TWO LECTURESHIPS IN 
MICROBIOLOGY AND 


INSTRUMENTATION 
(LII or SL) 


ERSITY OF STIRLING 
j 
4 
anie | possible. 


a z isor NMR. e he 
arch will be on Lipid- rotin. 


















BIOCHEMICAL/CHEMICAL 


Applications are invited from well | 
qualified and experienced scientists | 
for the above posts tenable from Ist 
‘September 1984 or as soon after as 


Beaten Scales ovis ae oon 


‘ : i lator t than July 3 T, 
| ea Mana mark: 











The Clinical Pharmacology group of the 
DEPARTMENT OF CLINICAL RESEARCH is 
responsible for investigation of the 
pharmacodynamics and pharmacokinetics of 
new drugs in humans. 


To expand our small team, we are looking for a 


PHYSICIAN 


with training in clinical pharmacology (internal 

medicine, pharmacology), and an interest in working 

in research, . 
This interesting field of work includes the planning, : i 
conducting, and evaluation of clinical pharmacology f 
studies of research compounds in phases I-IV. 
Pre-requisites are a knowledge of the methods of 
assessing drug effects in man, and/or 

pharmacokinetics, as well as a good command of 
German and English. 


interested applicants are requested to send 
complete application documentation to our 
Personnel Department, quoting reference 
Nature 50/83. 


F. Hoffmann-La Roche & Co. Limited 


Company, CH — 4002 Basle (W982) A 











THE CHINESE UNIVERSITY OF = * 
HONG KONG 3 


invites applications for the post of 


LECTURER IN BIOLOGY 


The appointee, who should hold a doctoral degree, is expected to 
undertake research and teaching on aspects of Physiology/ Morpho- 
genesis for Higher Plants. He willbe a member of the Board of Studies 
in Biology and will participate in the general teaching (including a 
general course on Plant Biology) and all other activities of that Board. 


ANNUAL SALARY: HK$135,780 — 154,140 by 2 increments BAR 


HK$ 163,260 — 227,100 by 7 increments. Exchange rate approximately: 
US$1 = HK$7.8, £1 = HK$12. Starting salary and grade will depend on 
qualifications and experience. 

CONDITIONS OF SERVICE: Benefits include sick leave, vacation 
leave, long leave with pay, superannuation (University 15% , appointee 
5%), medical benefits, education allowance for children and housing 
allowance for those whose annual salary is HK$144,960 or above, and 
for appointees on overseas terms, passa ebénefits f for themselves and 
their Gaponcente as well. i 













































2 Qualified personnel are invited to apply for the following pists of FACULTY 
MEMBERS (Professors, Associate Professors, / ! 
DEMONSTRATORS, RESEARCH ASSISTANTS and TECHNICIANS for the academi i 


year 1984 -1985. 


Department 
_ 1. Staff members: 
(1) Food Science 


; (2) Animal Science 
(3) Plant Production 
(4) Ag. Economics & Rural Sociology 


(5) Home Economics & Nutrition 
(Female only) 





Il. Lecturers: 


(1) Home Economics and Nutrition 
(Female only) 


(2) Plant Production 
(3) Animal Production _ 





ill. Demonstrators: 
(1) Food Science 


(2) Plant Production 
(3) Agricultural Engineering 





IV. Research Assistants: 





V. Technicians: 







| KING SA AUD | ut 


RIYADH, SAU DI I ARABIA 


b; Cereal technolo: jy. 





Specialization 


a. Human nutrition masoia 
b. Dairy technology. 
c. Food analysis. 


a. Poultry nutrition. 


a. Cytogenetics. 
a. Farm management. 


b. Marketing of agricultural products. 


a. Textiles and costumes. 


_ a. Plant production (ornamentals) 


b. Plant production (field crops). 


a. Plant production (vegetable crops). 


a. Animal production 


a. Fish and meat technology. 
b. Food microbiology. 
c. Food analysis. 


a. Horticulture (vegetable crops). 
a. Agric. Engineering. ag 





a. Food microb bilo, ; 














a. Humans nutriti no 







E 


c: Analytical chemistry 


of food science he fie 





Assistant Professors), LECTURERS, , 


Qualification 


_or Professors only, Arabic speaking, : 


Preferably M.Sc. with research 


preferably IR, AAA, AA 









Ph.D., Teaching experience, Arabi 
speaking. 


Ph.D., Teaching experience, A 





Ph.D., Teaching experience, Arapi 
speaking. 


M.Sc., Teaching experience, Arabi 
speaking. 


-do- 
-do- 


preferred, Arabic reo 
-do- 





do- 





experience in the field of ‘Spec 


Experience in field of work, conducti 
and operating laboratory equipment. 
Experience and training in ope 
food and nutrition analyses equ 







































































petroleum geology, 


i facilities, 





ect "Heidelberg West Candi. invites 
= owing. PE at ine stars S 






methods tor the study of DOi ordered sys- 
2 lutions, g9 T in anaon. he/she will be res- 


computing will be an asset. 
oer ke ish and of one or more of = 


e motions, and can assist in developing and maintaining a o ond 
xf apk system for palaeoreconstruction and palaeogeographic mapping. The 
Ippointed will work as a member of a multidisciplinary team, and willbe expected | under development for clinical use, 
to interact closely with members of other BP groups directly involved in different aspects of The laboratory also has an excelleiit 


Please write, enclosing a full curriculum vitae and quoting reference number STR 2616, to: 
> Mrs:Anine Hendy, BP Research Centre, Sunbury-onThames, Middlesex TW1}6 7LN. 


| pr: Exploration Limited 





A, 308 i MAY “1984 


 UNIVERSI ‘OF 
HEALTH SCIENCE CENTE k: 
| AT DALLAS. ne 










DEPARTMENT OF RADIOLOGY | 


POSTDOCTORAL 
RESEARCH © 
NMR APPLIED TO TISSUE _ 
METABOLISM 


Two positions are available to pursue 
research in physiology and metabol- 
ism using the non-invasive method of 
high resolution nuclear magnetic 
resonance. The laboratory is current- 
ly investigating several aspects of 
cardiac and brain metabolism using 
NMR techniques. Research projects 
in both basic studies and in clinical 
applications © "are available. The 
facilities of the NMR Laboratory are 
extensive and state-of-the-art and 
include a one meter bore: system 





staff to support various aspects of the; 
research. Candidates should have 


ie salary and benefits package reflects that of a major international business ond includes training in biochemistry or 
on $ a: N pension scheme, subsidised restaurant and on-site sports and social 


physiology. Additional experience in 
physical and analytical chemical 
methods is desirable but not 
essential. 


Please send a résumé and three 
letters of reference to: Ray L. 
(2055) A Nunnally, PhD, Director of Bio- 
-| medical Magnetic Resonance, 
4 Department of Radiology, Univer- 
sity of Texas Health Science Center at 
Dallas, 5323 Harry Hines Boulevard, 
Dallas, Texas 75235, 


Equal Opportunity University. 
(NWS530)A, 











Department of Biology 
Cell Biologist 


The University of Calgary invites applica- 
tions for a 3-year limited term position at 
the Assistant Professor level in the Depart- 
ment of Biology. The successful candidate 
will be expected to develop an active 
research program in the area of cellular/ 
molecular biology of microbial eukaryotes, 
to teach an undergraduate course in Cel 
Biology and to participate in Biotechnology 
and Molecular genetics laboratory teach- 
ing. Applicants must have post-doctoral! 
experience and strong credentials in 
molecular biology. Preference will be given 
to those with experience in recombinant 
DNA techniques. 


The appointment will be open as of 
January 1, 1985, with an expected 
Starting salary in the range of $29,700 
to $35,000 per annum, based on the 
1983-B4 scale. 


In accordance with eandien immigration 
requirements, this advertisement is 
directed to Canadian citizens and 
permanent residents of Canada. 


Applicants are requested to submit a 
complete curriculum vitae, and to have 
three letters of academic reference 
forwarded, by § Sep: ‘4 ; 





‘The University of Cal i 
2500. University pli en 





he | co ? NIAE ie: t respected 





= PROFESSOR O OF PURE 
“MATHEMATICS, MONA, 
: JAMAICA. 


Applicants of suitable stature in any 
wea will be considered. Duties to be 
assumed ; as.soon as possible. 


 LECTU RER/ASSISTANT 
LECTURER IN 
` BIOCHEMISTRY, MONA 


E ae 


t A is desirable for teaching purposes 
thi the supcessfur ATI should 





o be. as caer soon as ston 


ELECTRON MICROSCOPIST 


DEPARTMENT OF 
BOTANY, MONA 


successful applicant will be required 
o take charge of the Electron Micro- 
cope Unit comprising transmission 
ind scanning electron microscopes, 
© supervise the work in the Unit and 
ielp users: of the microscopes, and to 
in alimited number of technicians 

1 methods of electron microscopy. 
| he ema also be required to teach 









“may” be given to appli- 
ee 6 in Biological 




















'¥ or optional housing. alow 
Of pensionable sala 
rovision. 





















— (three 
C4 ful aae of 


| Applications are 
ormal 4 veterinary graduates preferably of | 
not more than 35 years of age, forthe | 







Subsidi sed a for cònsideration. 


af bul to the teaching of pharma- 


_ pending on-age and experience. 


E names of two referees and a summary 
a | (up to $00 words) of research to be 
| pursued, should be received not later 
-than 16th June 1984 by the Registrar 
, and Secretary, University of Bristol, 


inter- 
nationally as a major centre of agri- 
cultural engineering research and 
development. It is engaged in a wide 


range of research projects, andoneof | 


its teams is working to increase the 
efficiency of greenhouse crop 
production. 


A graduate Physicist/ Research 
Engineer is now required to join this 
team engaged initially in developing 
mathematical models to be used to 
optimise the design of future green- 
houses of novel shape and carry out 
research into new cladding materials 
and heating systems. 


The appointment calls for a 
candidate with a first or upper second 
class degree in Physics/Engineering 
who can combine sound engineering 
and scientific principles with creative 
and innovative design. 


Salary will be in the range 
£6,018-£9, 561 per annum depending 
on experience and there is a non- 
contributory pension scheme. 


The NIAE is situated in the beauti- 
ful countryside surroundings of 
Wrest Park, Silsoe, midway between 
Bedford and Luton. There are 
excellent working conditions and 
facilities both in Wrest Park mansion 
itself and in the advanced, purpose- 
built research laboratories and 
workshops. 


Further details and an application 
form can be obtained from the Per- 
sonnel Officer, National Institute of 
Agricultural Engineering, Wrest 
Park, Silsoe, Bedford MK45 8HS. 
Telephone: Silsoe (0525) 60000. 
Please quote ref 20/5. (2014)A 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF 
PHARMACOLOGY 

WELLCOME LECTURESHIP 
IN VETERINARY 
PHARMACOLOGY 


invited from 


post of Wellcome Lecturer in 


. | Veterinary Pharmacology tenable for ` n 
ed | a-period of up to five years in the | J 
Department’ of- Pharmacology. | | 

_ Persons holding permanent univer- 


sity. appointments in the U.K. are 


The successful applicant will con- 


cology to veterinary and science 
students and will be expected actively 
to pursue a research project. 


Salary will be in the range 
£7,190-£14,125 per annum de- 


Applications, together with the 





House, Bristol. BSB ATH, 
details 





_ MG Pitman, OBE, ScD, FAA, Director of the Institute of Bio 
| . Resources would be pleased to discuss the position with pot 
§ applicants. He would also be pleased to receive advice conce 
“this appointment from people with a particular interest in it. He 


|... Applications stating full personal and professional details, the names 


§. The Secretary (Personnel) 


T: -F OF THE DIVISION 
DIVISION OF WILDLIFE AND 
RANGELANDS RESEARCH 


INSTITUTE OF BIOLOGICAL 
RESOURCES 


CANBERRA ACT 


Applications are invited for the position of Chief, Division of = — f 
Wildlife and Rangelands Research, from scientists who have 

an outstanding record of personal research achievement and 
leadership in an appropriate field of biological science. 


CSIRO conducts scientific and technological research in laboratories I 
located throughout Australia and employs about 7,500 staff, of 
whom some 2,900 are professional scientists. 


The Organization's research activities are grouped into five Institutes: a 
Animal and Food Sciences, Biological Resources, Energy and Earth ~ 

Resources, Industrial Technology and Physical Sciences. The 
Division of Wildlife and Rangelands Research is one of the Divisions 
of the institute of Biological Resources, Also in the Institute are the. 
Divisions of Entomology, Forest Research, Horticultural Research, 

the Centre for Irrigation Research, and the Divisions of Plant s 
industry, Soils, Tropical Crops and Pastures, and Water and Land ` 
Resources. 


The Division of Wildlife and Rangelands Research has its 
headquarters in Canberra, ACT, and laboratories at Darwin and Alice : 
Springs, Northern Territory: Deniliquin, New South Wales and . 

Helena Valley, Western Australia. The total Divisional staff of 204. 
includes 52 research scientists and 26 other professional staff. ` 


The Division studies the ecology of animal and plant populations ar [: 
processes controlling their stability, diversity, productivity and valu 
to Australia in relation to their management and conservation. The : 
Division's interests cover a wide range of Australia’s ecosystems. _ 
Amalgamation of the Wildlife and Rangelands groups in 1982 gives: 
the Division a special interest in rangelands research. 


A Chief of a Division is responsible for the leadership, dardon 
scientific direction and integration of the Division's research 
programs, and is encouraged to promote active collaboration with . 
other Divisions, research bodies and agencies working į in associated. 
areas. 


The salary for the position of Chief is negotiable, but will not be less 
than $A55,050 per annum. in addition, the position attracts: ano | 
expenses of office allowance $A1,250 per annum. ; 
Appointment to the Organization is for an indefinite period and - E 
Australian Government superannuation benefits are available. The 
postion as Chief is offered for a negotiable term typically of five to- 
ea ma with subsequent options for a further term, if mutually 
esire 


Further information on the Division and its research is contained ina 
booklet available on request from the Secretary (Personnel) or the. 
Secretary, Institute of Biological Resources at the address belo 









































































be contacted at the address below. 










of at least three professional referees and quoting reference No | 
A5692, should be directed to: | ae 





CSIRO Australia 

PO Box 225 
DICKSON ACT 2602 
AUSTRALIA 


by June 15, 1984. 
SoA iS AN EQUAL OPPORTUNITY EMPLOYER 


























































® aPhD 
or 


plus 


Geochemists 


We currently have two opportunities for enthusiastic and flexible scientists, who 
should be numerate, literate and enjoy putting together different types of results 
to attack exciting problems. They will join a small team investigating diagenetic 
processes and applying this knowledge to: 


* petroleum exploration and production 
* metalliferous minerals exploration 


Candidates should have either: 


@ an honours degree plus the ability and qualifications for post-graduate 
research but preference for a career in industry 


experience of (or be happy to learn fast) the techniques of: 
è stable isotope mass spectrometry 
@ geochemical analysis 

® petrography/petroiogy 


An attractive remuneration package includes non-contributory pension scheme, 
subsidised restaurant, on-site sports and social facilities and relocation 
assistance, where appropriate. 


Please write, quoting reference SR 2816, to: Mrs. Anne Hendry, The British 
Petroleum Company pic, BP Research Centre, Chertsey Road, Sunbury-on- 
‘Themes; nese TW16 7LN. 


Research 


SUNBURY-ON-THAMES 





` UNIVERSITY OF BRISTOL 
~ DIRECTOR, LONG ASHTON 
RESEARCH STATION 


<The University of Bristol invites 


-applications for the post of Director 
__ of the Long Ashton Research Station 
_ which. is the Department of Agri- 
culture and Horticulture of the Uni- 

sity of Bristol. The Station 
s- grant-in-aid from the Agri- 
cultural and Food Research Council. 
n appointment the Director will 


A aso assume responsibility for the 
noo Council’s 


: Weed Research Organi- 
gation near Oxford whose pro- 
gramme of work is being con- 


. -o solidated with that of the Long 
Ashton Research ‘Station, at Long į 


> _ Ashton. 
~The Director will be a Professor of 


- a the University of Bristol and Head of 


the Department of Agriculture: and 


> Horticulture. 


The appointment, 
- Grade 4 of the new Open. Structure of 
<. the Civil Service, carries a ‘Salary of 
£25,455 p.a. There is a non- 


Ae contributory pension scheme. 
| Further particulars can: „be | 


which is at. 


ad - the range of £5¢ 
: London. Weigh 





POSTDOCTORAL 


position available to study the 
molecular mechanism of peptide 
action. Experience in hormone 
action, calcium as a second mes- 
senger, radioligand assays desirable. 
Salary: NIH scale. Send vita, 
statement of prior activities and 
interest, and names of three refer- 
ences to: Dr P Michael Conn, Pro- 
fessor and Chairman, Department of 
Pharmacology, College of Medicine, 
2-512 BSB, University of lowa, lowa 
City, LA $2242. The University of 
lowa is an Affirmative Action/Equal 
Opportunity employer. (NW523j)A 


anar cananan 


MRC CELL BIOPHYSICS 
UNIT 
Assistance is required for research on 
various aspects of neuronal ceil 
biology under Dr J P Brockes. 
Interest in biochemistry and tissue 
culture is desirable, but not essential, 


Qualifications: HNC, l Ongree or 


| equivalent. 


Salary: According t ext erience in | 
E lus. £1042 






Nutrition which will be tenable from 





: Please quote ref N 


(2070}A 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF 
AGRICULTURAL BIOCHEMISTRY 
AND NUTRITION 


DEMONSTRATOR 


Applications are invited for the post. 
of Demonstrator in the Department 





"pending 


ogee are invited from: 
candidates with, or expecting ~~ 
to obtain a good honours 

degree in Biological Sciences, 
for work in one of the 

following areas of research:- 


1. Developmental changes in 
the distribution and diet of 
Nucella lapilus (L) 


2. Genetics of disease 
susceptibility in fish, 


3. Lead uptake and 
translocation by different crop ; 
varieties. | 


4, Low temperature injuries in = 
Chlamydomonas reinhardii A 
(C.W. 154) ; 


Research Assistants are | $ 
expected to register for a pos pete 
CNAA higher degree. 
Appointments are for a period 

of two years with a possibility 

of a third year (fixed term. 
contract}. 


Further details and | 
application forms to be 
returned by Friday 15th 
June 1984, can be obtained 
from the Personnel Office, 
Plymouth Polytechnic, 
Drake Circus, Plymouth 
PL4 8AA. Tel: (0752) 264639. 
(NB Please specify clearly 
for which project you are 
applying}. ene 


NA Colonia ols SAE A ENA TS 


[297 


iL L 5 ER 





PENAN aati 











_ Melbourne, Australia . - 


of Agricultural Biochemistry andj... ~ 


















ist October 1984 for a period of 3 
years. The person appointed will 
have the two-fold. esponsibility of 
running one or more laboratory 
courses in agricultural biochemistry 
and one in microbiology for students 
of Agricultural Science in the Faculty 
of Agriculture. The person appointed 
will also be asked to give a numberof 
lectures on aspects of microbial bio- 
chemistry and will be expected to 
have a serious commitment to 
research. 


Salary will be at an appropriate 
point. on the Grade. IB (Bar) scale: 
£6,310 — £8,530 per annum, | 


University, 6 Kensin 
Newċastle upon Tyn 

whom applications: Se 
together with the names 
addresses of three referees ould. be 
lodged not later than n BEE 017) 984. 












according to age, De and: 30212A, curriculum vitae an 


experience, | a 
| Further. ET N may be: aren 
| obtained from the Senior Assistant | Seer 
_ Registrar (Establishn ents, da e] Cor 


DEPARTMENT OF _ 
BIOCHEMISTRY os 
FIXED-TERM LECTURER 
(3-5 YEARS) 


Postdoctoral graduate for teachin 
medical or science students an 


- participation in research in areas c 


(1) cloning and gene expression i 


yeast: (2) human interferon biologi 


as well as genes and expression; C 
yeast mitochondril ATP. synthetas 
complex; (4) monoclonal antibodis 
and protein chemistry. Pnquinies t 
Professor A W Linnane. 


Salary: $424,353 — SA3L. 994 pe 
Applications including. ‘Ref n 











yee to.: the Fea vior 


55 „available. 


-An oak f 


T UNITED MEDICAL AND | 


DENTAL SCHOOLS OF — 
GUY’S AND ST THOMAS’S 
| HOSPITALS 





MENT OF GEOLOGICAL 
SCIENCES 
EE RESEARCH POSTS 
NTARCTIC MARINE 
~ GEOLOGY AND 
GEOPHYSICS 


Applications are invited for (A) One 
tesearch Fellow, 1A post, to investi- 
tate abyssal sedimentation in the 
Veddell Sea, and (B) Two Research 
Associates, IB posts, for work on 
ubduction-related processes and the 
arly stages of Gondwanaland break- 
ip in the Scotia and Weddell Sea 
egions. Post (A) is for a Sedi- 
nentologist: ‘appointees to posts (B) 
vill have had training in geophysics. 


` Posts tenable for one year in the 
I stance, but the project is sup- 
by a BAS Research Contract 


ming to 30/9/88. Salaries 








ihe R 615 plus superannuation. 






f the Research Associate 1B 
cale £6, 310-£8,530 plus superannu- 
tion. 


For further particulars telephone 
21-472 1301 ext 2559, quoting 
eference G2 (A) or G2 (B). 


“No formal application form. Three 
opies of application, including cur- 
iculum vitae and naming three 
eferees, to Assistant Registrar, 
Science and Engineering), P.O. Box 
63, Birmingham B15 2TT, by 30th 
fay 1984. (2048) 





JNIVERSITY OF GLASGOW 
XEPARTMENT OF DERMATOLOGY 
_. POST DOCTORAL 

“RESEARCH ASSISTANT 


\pplications are invited for the 


bove position in a small group 
lidying the differentiation of 
Urmal and abnormal epidermis. The 
uccessful candidate will investigate 





actors controlling the proliferation | 


nd differentiation of the epidermis 
1-vivo and in vitro with particular 
eference to the expression of 
ytoskeletal proteins. 


The position is supported until 31st. | 


lecember..1988 by a. programme 
rant from the Medical Research 


‘ouncil. Initial appointment will.be | 
tasalary.of £7190 paonrange lA of | 


ie salary scales for Research and 


malogous Staff with superannu- 


tion benefit. 


Applications enclosing a curri- 
ülum. vitae and the names and 
ddresses of two referees should be 


ubmitted to Dr D Skerrow, Uni- | 


ersity of Glasgow, Department of 
dermatology, Anderson College 
building, 56 barton Road, 
gow, G11 6NU. (2063)A 











Please mention pa 







PAEDIATRIC RESEARCH 
UNIT 

A Molecular Biologist is required to 
join a research group working on 
human genetics. The group is part of 
a multi-disciplinary academic 
research unit, with excellent labor- 
atories, a scientific information 
service and full support facilities. The 
Unit includes the South East Thames 
Regional Genetics Centre. The 
molecular biology group has well 
established collaborative arrange- 
ments with a number of leading 
research centres. The applicant 
Should have experience of 
recombinant DNA work, eg gene 
cloning, expression or structural 
analysis. 

The appointment will be for an 
initial period of three years, with the 
possibility of an extension for a 
further period thereafter. 


Bobrow (01-407 7600 ext 2330). 


Salary in range £7,190-£14,125 | 


plus £1,186 London allowance plus 
Superannuation according to quali- 
fications and experience. 


Applications with a curriculum 
vitae and the names of two referees | 


should be sent to the Secretary, 
United Medical and Dental Schools, 
Guy’s Hospital Medical School, 
London Bridge, SE! ORT, quoting 
ref PRU. 

(2Q061D)A 





MEDICAL RESEARCH 
COUNCIL 
LABORATORY OF 
MOLECULAR BIOLOGY 
Cambridge 
Applications are invited for a 
CAREER NON-CLINICAL 
SCIENTIFIC 
post with the Medical Research 


Council to conduct innovative | 
research in biochemical crystallo- | 
graphy particularly in the study of | § 


DNA protein complexes. The post is 


tenable in the Laboratory’s Division | $ 
of Structural Studies in the first iL 


instance. 


Candidates should have experience | 


in the area of the physical 


biochemistry of proteins and nucleic | ~ 


acids as well as in X-ray crystallo- 


graphic structure analysis of large a 


molecules, 


Remuneration will be at an appro- 
priate point on the scales for univer- 
sity non-clinical academic staff. 
Further information may be obtained 
from the Assistant Director 
(Administration) quoting reference 
SS/11 


Applications —- including a full ev, 
publications list, the names of two 
professional referees and a statement 


|] of not more than 500 words 
|. describing -their proposed 





research 
in nitong: at should be en 3 





Further | 
particulars from Professor M | 


ELECTRON MICROSCOPIST a 
(SENIOR RESEARCH SCIENTIST) | 
$A31,092-$A35, 806 
DIVISION OF FISHERIES RESEARCH 
MARINE LABORATORIES 
HOBART TAS 


CSIRO conducts scientific and technological research in laboratories | 
jocated throughout Australia and employs about 7,500 staff, of 
whom some 2,900 are professional scientists. The Organization's 
research activities are grouped into five Institutes: Animal and Food 
Sciences, Biological Resources, Energy and Earth Resources, 
industrial Technology and Physical Sciences. The CSIRO Division of 
Fisheries Research is a member of the Institute of Animal and Food 
Sciences, eas 
GENERAL: The Division of Fisheries Research is a major component # 
of the CSIRO Marine Laboratories, which is Australia’s principal ig 
marine research institution. The Division currently employs about 70 - 
scientists and 40 support staff based in laboratories in Sydney, Perth ~ 
and Brisbane. The Sydney staff will be transferred in the latter half of : 
1984 to new laboratories being built at Hobart, Tasmania. The on 
appointee will be located in the new laboratories which are expected - 
to be completed about August 1984. 
DUTIES: Responsibie for management of the electron microscope 
laboratory consisting of scanning and transmission electron - 
microscopes which will be used in research into physiology, cell 
biology and taxonomy of unicellular marine algae, ecology and 
taxonomy of protozoa and microzooplankton, reproductive 
physiology of fish, identification of fish eggs and larvae, and fish 
aging studies from growth increments (otoliths, scales, etc). The 
appointee must undertake a personal research program in one of the 
above fields with particular involvement in the micro-algal programs. 
Research into and development of improved techniques for 
preparation and examination of microalgal structure for taxonomic 
and biological investigations would be expected. 
QUALIFICATIONS: A PhD degree or equivalent qualifications in 
biology with at least 6 years’ post-doctoral research experience in 
electron microscopy. The appointee must have proven research 
achievement in biological electron microscopy, and extensive 
theoretical and practical knowledge of electron microscopes. 
TENURE: indefinite with Australian Government superannuation. 
benefits available. 
APPLICATIONS: Quoting reference No A3490, and giving full 
personal particulars, including details of qualifications and 
experience, copy of academic transcripts and the names of at least 
two professional referees, should be directed to: 
The Acting Chief 
CSIRO Division of Fisheries Research 
PO Box 21 
CRONULLA NSW 2230 
AUSTRALIA 
by June 22nd 1984. E 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
{ W984, 








































MEMBRANE STRUCTURE, 

FUNCTION & PATHOLOGY 
The Faculty of Medicine, University of Alberta, invites applications for: 
the positions of Research Scholar or Senior Scholar at the Assistant © | 
Professor ($27,720-$39,820) or Associate Professor ($35,400-$51,658) | 
levels. The successful candidate(s) must havean MD, DDS and/or PhD. ifs 
degrees with at least two years of appropriate postdoc toraltrainingand. | 
must have demonstrated outstanding potential for an independent — 
research career in an area of the structure and function of biological _ 
membranes. These positions will be long term and will t 
through an external agency, but the incumbents will enjoy 
privileges. of the respective University ranks. The gi } of 
awards is by. Competition and i is ; made on ı the, basis of ex 


















BOCHUM 
Abteilung Fur Biolgie 


An der ABTEILUNG FUR BIOLOGIE DER RUHR- 
UNIVERSITAT BOCHUM ist der LEHRSTUHL FUR 
ALIGEMEINE ZOOLOGIE wiederzubesetzen. Es wird erwartet, 
daß der Bewerber Lehrerfahrung in Allgemeiner Zoologie mit 
einer zukunftsweisenden Forschungsrichtung verbindet und 
sich an der Lehre im Grund- und Hauptstudium in 
: angemessener Weise beteiligt. Eine Kooperation mit 
vorhandenen Forschungseinrichtungen ist erwünscht. 
Bewerbungen sind bis spätestens 15.6.1984 an den Dekan der 
| Abteilung für Biologie der Ruhr-Universität Bochum, Postfach, 
| D4630 Bochum, zu richten. 









(W981}A 





X INCELL, a research oriented molecular biology and fermentation technology organiza- 
-o Non, is located in the brewing and fermentation center of Milwaukee, Wisconsin, 
` adjacent to the University of Wisconsin—Milwaukee and Marquette University. 


Applications are now being accepted for the position of Research Director of our 
research laboratories from individuals with recent, broad experience in molecular 
biology with emphasis on molecular cloning, yeast genetics, and protein isolation and 
purification chemistry. 

The individual selected will report directly to the President to help ensure the highest 
quality of research at INCELL and will contribute strongly to the success of the 
Company. 

Responsibilities will include the design and establishment of new laboratory facilities, 
recruitment and supervision of qualified scientists and research assistants, consultation 
with engineering and production colleagues associated with our technology. and 
overall management and budgetary responsibility for INCELL’s research and develop- 
ment program. 

Minimum requirements for this position are a Ph.D. in genetics or molecular biology. 
preferably with emphasis in yeast genetics, and postdoctoral experience in the 
techniques of RNA and DNA manipulations. Applicants must be familiar with: 

+ Techniques of Molecular Cloning 

s Classical Methods of Yeast Genetics 

+ Protein Biochemistry, including methods of analysis, isolation, and purification. 

è Biochernisiry and Genetics of protein secretion in microorganisms. 

æ Familiarity with nucleic acid sequencing and oligonucleotide synthesis methodolo- 

gies. 
A broad overview of molecular genetics with strong emphasis on yeast genetics and an 
interdisciplinary approach to problem solving are key qualifications for this position 
along with the capability of working in a relatively unstructured, fast mowing entrepre- 
neurial environment. 


Qualified applicants for this executive level position are invited to submit. in confidence, 
their resumes together with publications and salary history to: 

President, INCELL. CORPORATION — 

Post Office Box 11596 

~ Shorewood, Wisconsin 53211 U.S.A. 


FAST MOVING, REAL WORLD E NTAEPRENEURIAL ENVIRONMENT AND OPPOR- 
TUNITY EQUITY PARTICIPATION. (NWS536)A 






























-UNIVERSITY OF LONDON 





conia 


i BRITISH POSTGRADUATE | 









RUHR — UNIVERSITAT © 










| | component and a 6 month research | 





least one of these ais is 








W36HP no | | drew 
a | {9TS. 


UNIVERSITY OF 
WISCONSIN 
Madison 
POSTDOCTORAL 

RESEARCH 


PhD in biochemistry or cell biology 
wanted to study ACTH control of 
cholesterol metabolism in adrenal 
cells at the molecular level. Project 
involves the mechanism of choles- 


| terol metabolism at cytochrome P450 


and of the actions of specific proteins 
that regulate cholesterol transport. 
Salary $14,000-16,000. Send 


| curriculum vitae, publications, and 


names of three references to: Dr 
Colin R Jefcoate, Department of 
Pharmacology, University of 
Wisconsin Medical School, 1300 
University Avenue, Madison, WI 








profession: 
research ieee 












formance liquid « Geriok, 
coupled with sect neheni An 
fluorometric detectors. Two year 
related research experience H 
industrial or academic setting 
knowledge of biochemical, neuro 
chemical applications and statistica 
analyses required. Ability to interac 
in an interdisciplinary environmentt 
essential. Excellent oral and writtel 
communication skills are a must 
Monthly salary $2,348. Send résum 
to the attention of Analytica 
Research, PO Box 19534, Irvine, C/ 








Applications are invited from 
theoretical chemists or physicists to 
work with Professor N H March on 
‘Electron density in large molecules 
of biological interest’, the work being 
supported by the National 
Foundation for Cancer Research. 
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ASSISTANTSHIPS a 
if 
OXFORD UNIVERSITY The appointments, for one year it 
THEORETICAL CHEMISTRY the first instance, but expected to bi 
DEPARTMENT Seine a on ~ Lares 
| 1 with membership o 

POST DOCTORAL USS. Startin eae supt £8, 97 
RESEARCH E 
ASSISTANTSHIPS Applications including a f al 






Curriculum Vitae and the names 
two referees should be sent by 31 Ma! 
1984 to Professor NH March 
Department of Theoretica 
Chemistry, Oxford University 
1 South Parks Road, Oxfors 
OX13TG. (1983)P - 





APPOINTMENTS WANTED 





KEEN, BIOCHEMISTRY Graduate 
2(i} with research experience in 
Molecular Biology, Protein 
Chemistry, GC/HPLC, seeks 
immediate position at any UK 
research establishment for post- 
graduate research. Box 2007, c/o 
Nature, 4 Little Essex Street, London 
WC2R 3LF (2007)B 


CONFERENCES and | 


COURSES _ 


UNIVERSITY OF 
ST AN WS 
MSc. Couros | in. 

i Radiation Biophysics 

i This taught course occupies ść 
calendar year with. a 8. month formal’ 






| project. 


jointly by the Departments of 
Anatomy and Experimental Patho- 
logy and Physics. It is structured to 
accommodate those qualified either | 
in the physical sciences or the life 
sciences and caters for differing in- 
terests and career intentions of | 
| students. it is suitable, for example, 
‘for those considering | 














he course is interdisciplinary and.run | | 













i research with, and a pplication. and | 1 
is | oa. of, əf. radiation 1 5 Science, in diab 


APPOINTMENTS WANTED 
advertise your qualities and qualif 
cations through the most influentiz 
science weekly in the world at- 
special reduced cost of 25p a wore 
(Personal Box Numbers £2). 5 
Advertisements must be pre-paid. an 
sent to: Nature Classified (Arp 
Wid), 4 Little Essex Street, Lon 
WC2R 3LF. ? OE 





MISCELLANEOUS 


RESEARCH VESSEL FOR: 
ECONOMICAL WORLD 
WIDE CHARTER 


A 55'6x 19 crabber/seiner desigi 
of Ed Monk with a range of 6,00 
miles at eight knots, Party of six, éx 





“perienced crew, extensive electronic 


including SATNAV, 

Spice Island Traders, One Bosto: 
Place, Boston, MA 02108. (617 
723-1955. (NW750)J ; 






Please mention 









RSITY OF ASTON IN BIRMINGHAM 
-DEPARTMENT OF PHARMACY 


tment is in the process of establishing a Pharmaceutical and 
| Sciences Research Institute to co-ordinate its research 
es and to concentrate its resources in areas which are innovative 
and commercially relevant. Applications are now invited for the 
; following posts: 


_ RESEARCH FELLOWSHIP IN 
- PHARMACEUTICS (ret 607/6) 


_ This one-year post (available immediately) would interest a recent PhD 











_ ‘graduate in pharmaceutical or chemical sciences with interests in the 


_ physico-chemical aspects of drugs and drug-delivery. The successful 
- candidate will be required to contribute to the undergraduate course in 
_ the physico-chemical aspects of pharmacy and the design of drug- 
| delivery systems and to undertake research within the framework of the 
_ Drug Development Group with specific interests in drug discovery, 
_ drug development, and drug dosage-form design. 

: Commencing salary will be within the range £7, 190 to £9,425 per annum 
(Research Range 1A). 


Application forms and further particulars may be obtained from 
ie Staff Officer (quoting Ref 607/6), the University of Aston in 
rmingham, Gosta Green, Birmingham B4 7ET (Tel 021-359 3611 
4564). Closing date 8th June 1984. 


RESEARCH STUDENTSHIPS 


number of studentships (from Research Councils, industry and other 
urces) are available for full-time study for a Higher Degree 
commencing 1 October 1984. Graduates with a First Class or a 2(i) 
Honours Degree in the pharmaceutical, life or physico-chemical 
~ sciences, or students expecting to graduate this summer, are invited to 
F apply for posts within the following research groups. 


< Cancer Research Campaign Experimental Chemotherapy Group 
Drug Development Group 

Drug Mechanisms Group 

=- Medical Microbiology Group 

“MRC Mechanisms of Drug Toxicity Group 

-Pharmacy Practice Group 

<: Rheumatism and Arthritis Group 


: Applicants seeking further information on the research projects 
availabie within these Groups are invited to write in the first 
nstance to: Dr J A Hickman, Department of Pharmacy, 
University of Aston in Birmingham, enclosing a curriculum vitae 
and identifying their particular research interests. (2052)E 


































~ UNIVERSITY 
OF SASKATCHEWAN 
‘Drug Metabolism and Drug The 
Disposition Research Group 
OLLEGE OF PHARMACY 


~ POSTDOCTORAL | 
FELLOWSHIP | 


spplication®” are invited for the 
ibove position to work on. the 
ghthesis ang meraDout apia 










antipsychotic agents. 
position is 








experience. Applications, 





S7N OW0 (306) 343-4788. (NW526)E 


MULTIPLE SCLEROSIS SOCIETY 
RESEARCH TRAINING 
FELLOWSHIP 


The Multiple Sclerosis Society requires a postdoctoral Ceil Biologist 
_ to work for3 years in the first instance on the nature and function of the 
rruar infiltrate in the brain in models of demyelinating disease. 


<The post is tenable in the Department of Pathology of the Royal 
2 College of Surgeons of England. Salary on University of London scales 
cording to age and experience. 


At. is hoped she: appointment would be made with effect from Ist 





















FELLOWSHIPS ai 









6 M B o rS 

EUROPEAN MOLECULAR BIOLOGY ORGANI; 
SHORT TERM FELLOWSHIPS 

in molecular biology 7 












working in Europe and Israel in the field of molecular biology and allied 
disciplines, short term fellowships of one week up to three months 
duration. The fellowships are to support collaborative research 
between laboratories in different countries and provide a travel grant 
and subsistence allowance. Applications may be made at any time and 
are decided upon soon after the receipt of application. 


Applications for exchanges between laboratories within any one 
country cannot be considered. Fellowships involving transatlantic 
travel are awarded only in extremely exceptional circumstances. 

Application forms and further details may be obtained from Dr. 
J. Tooze, Executive Secretary, European Molecular Biology 
Organization, 69 Heidelberg 1, Postfach 1022.40, F.R.G. (W8I18)E 




















The European Molecular Biology Organisation awards, to scientists 


of deuterium labelled phenothiazine 


tenable 
immediately and is for two years. 
Initial salary depends upon | 
including | 
Curriculum Vitae and the names of | 
three referees, should be sent to: DrE 
M Hawes, College of Pharmacy, 
University of Saskatchewan, 
Sasktoon, Saskatchewan, Canada 





| IGCP-164, 






ide by 18th June. to be be sen 





UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 
IN BIOCHEMISTRY (DRUG 
METABOLISM) 


Applications are invited for the post — 


of Research Fellow to pursue a 
programme of research under the 
supervision of Dr L A Griffiths into 
the metabolism of O-heterocyclic 
drugs. Previous experience of drug 
metabolism research is desirable but 
not essential but the candidate should 
possess postgraduate experience in 
radiochemical techniques and in 








The second IGCP-164 symposium 


| will be held on Ist — 10th February 
| 1985 in the Faculty of Earth Sciences, 
| King Abdulaziz University, Jeddah, 
| Saudi Arabia. Field excursions are 
|. planned after yon, Papers are 
| invited. 


For details, please write to Dr 
Ahmed Al-Shanti, 
PO Box 1744, Jeddah 


- fications and experience. 


| Symposium on Nitrogen Fixation, 
Project Leader, ~ 






Post tenable for up to two years x 
(renewable at end of first year). > 
Starting date between 4 June and 2 ate 


October 1984. 


Salary on the Research Fellow 1A 
scale £7,190-£11,615 plus super 
annuation, according to quali 





























For further particulars phone. 
021-472 1301 ext 2559, quoting 
reference BS, : 


No formal application form. Three 
copies of application, including full” 
Curriculum Vitae, naming three | 
referees and indicating date of avail- 
ability, to Assistant Registrar, 
(Science and Engineering), P O Box 
363, Birmingham BIS 2TT, by 25- 


| either h.p.ic. or g.l.c. procedures. May 1984. (2006)E 
SEMINARS and SYMPOSIA 
INTERNATIONAL THE 6TH INTERNATIONAL © 
SYMPOSIUM SYMPOSIUM 
on on 

PAN-AFRICAN CRUSTAL NITROGEN FIXATION 

EVOLUTION IN ARABIA will be held at 
AND NORTHEAST AFRICA OREGON STATE 
UNIVERSITY 
IN CORVALLIS 


August 4-10, 1985. 


The symposium will. 

chemistry, biochemistry, ph: 
microbiology, genetics, ecology and 
applied aspects of the field. Lectures, 
discussions, poster sessions and 
excursions are planned. Those 
desiring to receive the first circular 
should contact, 6th International 


Agricultural Experiment Station, | 
Oregon State University, Corvallis, 











21441, Saudi Arabia. (W994)M OR 97331, USA. (NW533)M — 
STUDENTSHIPS m 
: eee LR TRENT NACL Item aaaea A EEEE nas 
anes UNIVERSITY ha OXFORD macs 
_ Nuffield Department of abaratar Surgery 
MRC Bone Research Laboratory.. 





Op catons are invited fora 



































































The Science and 

Engineering Research 

Council has an answer: 

__ Studentships for postg 
for up to one year. 


North Star Avenue, 
SWINDON SN2 1ET 


raduate conversion course 





| They are for graduates in management and the arts, 
“| as well as science and engineering, and the courses are of 
_ industrial and commercial relevance. 
E IT covers information acquisition, handling and use 
-involving the latest technologies in microelectronics, 
computing and telecommunications. 
1. _ Applicants will need a good honours degree or an 
| equivalent combination of qualifications and experience. 
SERC's one-year studentships on postgraduate 
- conversion courses are part of an IT initiative promoted by 
_ the Department of Education and Science. 


For details about SERC studentships contact: 


Information Technology Studentships, 
Science and Engineering Research Council, 


Telephone: 0793 26222 Ext 2137 


Serc 


© STUDENTSHIPS continued 





INĪNFORMATION 
TECHNOLOGY?” 


QUALIFICATIONS" 





‘wir 








UNIVERSITY OF LONDON 
Institute of Psychiatry 
DEPARTMENT GF PSYCHOLOGY 
RESEARCH STUDENSHIP 


o The Department invites applications 
- for an MRC postgraduate research 


studentship. The successful applicant 


will register for a London PhD and - 
can choose from a variety of projects- 
related to current research in the- 
ooo. Department, 


= This ranges from 
~ studies of neurophysiclogical and 


a neurochemical mechanisms in the 
- — control of behaviour in the rat to” 
“work on behaviour and personality in 


both normal and. ii IN dis- 


> turbed human subjects. _ 


= o. Candidates should hold or TE 
~ to receive first or upper second class 


honours degrees in psychology or a 


regulation of colour patterning. The 
| applying | 


later discipline in the life or social main 
ier 5 a f anded tomical- 


THE UNIVERSITY 
OF SHEFFIELD 
DEPARTMENT OF 

ZOOLOGY 
SERC STUDENTSHIP 
IN 
CEPHALOPOD 
NEUROBIOLOGY 


Applications are invited for the 


above studentship, tenable for 
3 years commencing October 1984. 
Candidates will be expected to 
register for a PhD degree and must 
have a good honours degree in 
Anatomy, Zoology, Physiology or a 
related subject. 


The research will be in the area of 
cephalopod neurobiology, 
particular the central.control and 


ill be 


giving the F 


in | 





UNIVERSITY OF 
SOUTHAMPTON 


SCHOOL OF BIOCHEMICAL & 
PHYSIOLOGICAL SCTENCES 


SERC CASE STUDENTSHIP 


An SERC Case studentship is tenable 
from Ist October 1984 for a three 
year period in the Neurophysiology 
Department of the School in con- 
junction with Roussel Laboratories, 
Swindon. 


The project will involve studies on 
central GABA receptors in the rat. 
The following methods will be used: 
electrophysiological studies using in 
vitro slice preparations and release 
studies using in vitro slice prepar- 
ations and release studies from 
cortical and cerebellar slices. A 
knowledge of electrophysiological 
recording methods would be an 
advantage. 


Applicants, who must hold or 
expected to obtain a I or H (1) class 
Honours degree in Physiology, 
Pharmacology, Biology or a related 
subject, will be expected to register 
for a PhD degree. Applications, 
including curriculum vitae and the 
names of two referees, to Dr R J 
Walker, School of Biochemical & 
Physiological Sciences, University of 
Southampton, Southampton 509 
3TU. Tel: 0703-559122 ext 8343 or 
8341, QO11)F 


THE UNIVERSITY OF 
SHEFFIELD 
DEPARTMENT OF MEDICAL 
PHYSICS AND CLINICAL 
ENGINEERING 
RESEARCH STUDENTSHIP 


An SERC studentship is available to 
pursue research in an area of Medical 


| 


Physics leading to a PhD. The 


successful applicant will be expected 
to have obtained at least a 2.1 in 
physics or electronic engineering. 
Applications with a CV should be 
made to Professor M M Black at the 
above department; Royal Hallam- 
shire Hospital, Sheffield 510 2JF 
from whom further details may be 
obtained. Tel: 0742 26484 ext 2712 or 



















research cleus x d t 
the British Heart Foundatior 
tenable for 3 years commencin 
October 1984 to study the rolet 
vitamin B6 deficiency in the develoy 
ment of atherosclerosis. The wor 
involves investigation of the mode c 
action of lysine oxidase, the cop 
and pyridoxal-dependent enzym 
responsible for the cross-linking ¢ 
collagen and of elastin; it involve 
animal experimentation as well ¢ 

biochemistry. A background int. bi 
chemistry and biology is essential, 


Candidates should hold, or exper 
to obtain a First or Upper Secon 
Class Honours Degree in Bic 
chemistry. Applicants should apy 
in writing including their curriculyy 
vitae and the names of two acaden? 
referees to Dr C I Levens 
Department of Pathology, Unive 
sity of Cambridge, Tennis” ‘Cou 
Road, Cambridge CB2 HOP. 

aonr 















HERIOT- WATT 
UNIVERSITY 

CASE STUDENTSHIP IN 
OFFSHORE ENGINEERINC 


Applications are invited from Engi 
eering or Science Graduates for. 

immediately available resear 
studentship. The project is concern 
with the effect of fouling and surfa 
roughness on the wave and curre 
loading on marine structures. 


Support is for a period of- thr 
years and the successful applica 
would be expected to register for 
higher degree. Applicants shou 
hold a first class or upper second cl; 
honours degree. | 


For further particulars pl a 
contact Dr I Grant, Departmen! 
Offshore Engineering, Heriot 
University, Edinburgh. Telepho 


031-4495111 ext 2319. (2025)F 












Dr DC Barber. 2688. Closing date 11 | . 


June 1984. Quote ref: R8579. 
(2066)F 


UNIVERSITY. 
OF MANCHESTER 


DEPARTMENT OF 
ZOOLOGY | 


NERC STUDENTSHIP 


Applications are invited for a 
research studentship to investigate 
ecological and genetic diversity using 
computer modelling techniques. 
Candidates should have, or expect to 


obtain in 1984, a first or upper.second | 


class hanours degree i ina relevant bio 


Togical, subject or in mathematics o 
‘| physics... 7 PRE 
3 ‘Further devils: can be: obtained’ K 
esi |. from Dr L M Cook 

-i Zoology, Universit 


IET- | Macher oticat 


TN. | two: ne rites should 


as soon: as ae possible. oe 


i Department of 
cof Mañch 





UNIVERSITY COLLEGE 
LONDON | 
DEPARTMENT OF ZOOLOGY 

SERC CASE STUDENTSHII 


Trematode larvae and the sn 


-immune response. 


Applications are invited fr 
recent graduates or those about 
graduate in a Biological Science fo 
CASE studentship leading to a Ph 
The project in collaboration with: 
V R Southgate (British Muse 
Natural History) will investigatge | 
cellular basis of host-parasite int 
actions between the blood 
‘Schistosoma and the snail B 


i. both i in-vivo: and i in vitro. 


rere a with a 














































C have awarded a student- 
De Seto et for studies of 
Such 


we increases einen patho- 
nA The aims of the rojet are 


ns. with reupee ‘to 
content, envelope 
co position, and other 
ified properties. It is 
į to examine behaviour 
anisms in the environ- 
ing (i} ColV plasmid 
(ii) ColV plasmid transfer, 
petition between ColV + and 
Organisms (especially at low 
€ ntrations as some ColV 





i. ar a felated Bolonia 
oe has already obtained 


egree with at least upper 
ass honours. For further 
apply to Dr R J Rowbury 
nent ‘of Botany and Micro- 
, University College London, 
street, London WCIE 6BT. 

i (2033)F 













RIAL COLLEGE OF 
SCIENCE AND 

~ BIOPHYSICS GROUP 
ARCH COUNCIL 
STUDENTSHIP 





cations ‘are invited for a 
esearch Council: Studentship for 
ork i im ahe, Biophysics Group, for 
search on one of the following 
pics: 


= Can of enzymes, 


cluding molecules created by f 


rotein engineering: 


— Molecular mechanisms. of 
*neral anaesthesia: 


= Three-dimensional structure of 
*rtebrate muscle: 


— Effects of neuroactive 


ibstances on retinal neurones: 
Kinase control of microtubule | 





UNIVERSITY 

OF LIVERPOOL 

DEPARTMENT OF 

BOTANTY 

SERC RESEARCH 
STUDENTSHIPS 

The following SERC research 

studentships are available within the 

Department of Botany tenable from 


October Ist, 1984. Two awards are 
available. 


i. Control of secondary product 
formation in plant tissue cultures (Dr 
H A Collin). 


2. Physiology and biochemistry of | 


protoplasts isolated from 
Phytophthora infestans. (Dr S Isaac 
and Dr A M Mortimer). 


3. Polymeric soil conditioners as 
aids to vegetation establishment on 
difficult soils (Dr M S Johnson). 


Further details of these student- | 
ships are available from Professor A | 


D Bradshaw, Department of Botany, 
University of Liverpool, PO Box 147, 
Liverpool L69 3BX. Applicants 
should have or be expecting at least a 
2:1 Honours Degree in an appro- 
priate biological subject. The Depart- 
ment of Botany has a very active 
research school with excellent 
facilities, concerned with pure and 
applied aspects of botany. 


Applications should be made as 
soon as possible and at least by June 
4th to The Registrar, University of 
Liverpool, PO Box 147, Liverpool 
L693BX. They should include details 
of academic experience and the 
names of two referees. 


Quote Ref: RV/508/N. (2027)F 


UNIVERSITY 
OF CAMBRIDGE 
THE BIOTECHNOLOGY CENTRE 

SERC STUDENTSHIPS 

IN BIOTECHNOLOGY 
Applications are invited from 
graduates in appropriate disciplines 
for the following research student- 
ships tenable for three years in the 


newly established Biotechnology 
Centre and involving the 


development of novel biological | 


sensors for application in clinical 
diagnostics: 

_ 1. Fibre Optic Biosensors, SERC 
Quota Award, Tenable from Ist 
October 1984. 


2. Immunologically-sensitised 


- Field Effect Transistors (Immuno- 
| FETs), SERC Replacement Quota 
Award, Tenable from July 1984. 


3. Integrated Optical Biosensors, 
SERC CASE Studentship, 
Cooperating Body: Plessey Research 
(Caswell) Ltd, Industrial Supervisor: 
Dr W J Stewart, Tenable from Ist 


October 1984, 


Applicants must hold, or t expect to 


STUDENTSHIPS continued 










AASA N Fife. 









a PhD degree: 
Life Sciences 






Earth Sciences 











Atmospheric Sciences 








Oxford OX1 3PU). 













by 29 June. 





NATURAL "ENVIRONMENT RESEARCH CC COUNCIL 
CASE RESEARCH STUDENTSHIPS 
WITH BRITISH ANTARCTIC SURVEY 


Applications are invited for seven NERC CASE studentships awarded aS 
under the Antarctic Research Special Topic programme and leading to 


Predation in a simple terrestrial community (Dr M B Usher, Department 
of Biology, University of York, York YO1 5DD). 


Comparative physiological adaptation of selected Antarctic microbial 
communities to low temperature (Dr D B Nedwell, Department of 
Biology, University of Essex, Colchester CO4 3SQ). 


Autecological study of a planktonic predatory amphipod Parathemisto 
gaudichaudii in Antarctic waters (Dr M Sheader, Department of 
Oceanography, University of Southampton, Southampton SO9 5NH). 


Global biostratigraphy, biogeography and evolution of the early #. 
Cretaceous bivalve Aucellina (Dr P F Rawson, Department of Geology, f 
University College London, Gower Street, London WC1E 6BT). 


Halley-St Anthony ULF-VHF conjugate studies (Dr D Orr, Department | 
of Physics, University of York, York YO1 5DD). 


= Radiometric observations of ocean and atmosphere by ship and | 
satellite borne sensors (Dr E J Williamson, Department of Atmospheric . 
Physics, University of Oxford, Clarendon Laboratory, Parks Road, K 


Generation and behaviour of internal gravity waves in the atmospheric 
boundary layer (Dr J Brindley and Dr S D Mobbs, Department of 
Applied Mathematics, University of Leeds, Leeds LS2 9JT). 


Studentships are tenable for three years from 1 October 1984 and 
applicants should hold or expect to obtain at least an upper 2nd 
class honours degree. Further details of projects available from 
the university supervisors to whom applications igt r 


























































UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF 
BIOCHEMISTRY AND 
MICROBIOLOGY 


SERC RESEARCH 
STUDENTSHIP 


Applications are invited for a CASE 
Studentship starting date | October 
1984, It is tenable for three years and, 
subject to satisfactory progress, will 
lead to a PhD. Applications are 
invited from students expecting at 
least an upper second class Honours 
degree in an appropriate subject. 


The work involves strain improve- 
ment in the yeast Saccharomyces 


cerevisiae by manipulating genes 


involved in ammonium assimilation. 


Conventional yeast genetics as well as 


recombinant DNA technology will be 
used. The collaborating body is the 


Distillers Company Food Group. 


Applications, with the names of 
two referees, should be sent to The 
Secretary, Department of 
Biochemistry and Microbiology, 
University. of St Andrews, St 


7 UNIVERSITY OF LEEDS 





ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University of London) 

DEPARTMENT OF MEDICINE 


(MRC CLINICAL IMMUNOLOGY 
RESEARCH GROUP) 


MRC STUDENTSHIP 


Applications are invited for a three 
year MRC research studentship 
tenable from October 1984. 


The project will be in the area eer 
the molecular basis for the effects of 


persistent virus infection on the 


immune response, working with 
human cytomegalovirus. 


Applicants should send a full CV to | : 
the Personnel Office, Royal Post- 
‘15008 


graduate Medical School, oe 
Ducane Road, London, W12 ‘OHS, EKEN 
quoting reference number 2/MRC.: = == 


Informal enquiries to Dr J G po a 


Sissons on 01-743 2030 ext 345. 


Closing date: 7 June 1984.4. 
CONE l 


ceptor for. the.a anti- 251 


. sodium cromogh cat 


llaborat 































































insufficient quantities of 
desired peptides are a key 
>is cause of expensive research and 
«production delays. The MCT 
a oan is anew a oe 


proteins. 





Cost 


Unlike conventional cell- 
culture methods that re- 
quire extensive labor forces 
and expensive growth medi- 
ums, Bio-Response’s. - 
MCT is a closed, 
steady-state system. 
in essence, the MCT sys- 
tem starts with a low- 
cost lifeline—a feeding . 
cow-—~and ends with a 
~<mal protein secretion. The pure, quality product. MCT 
result? Large quantities of ..an optimal system at low 
> desired proteins enabling cost. 

> =-¥gu to move to the clinic Doc 1m 

ma rket.. faster... 


Quar tity 


Unlike conventional cell- 
culture methods, the MCT 
system uses “fresh? free- 

_ flowing lymph directly 
-from a cow. Following 
treatment, the lymph is 
continuously diffused into 
and out of.a growth cham- 
ber. This nearly in vivo 
growth environment stim- 
es continuous and opti- 


Circle No. 14 on Reader Service Card. 


Le. : The N New Bio-Response MCT* (Mass Culturing [Z 
os Te chnique) System Delivers Monoclonal Antibod- | `- 

< x> - ies And Other Mammalian Cell Products When | 
You Need Them—From Grams To Kilograms. | 


the quantity you need... when 
you need it? Additionaily, every 
step in MCT production has 
been developed to contain costs 
now and in the future while 
ee exceptional purity 
and quality in mammalian cell 


For further information, call Bio-Response, Inc. at 
ee 786- 9744. 
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Purity 


Unlike conventional cell- 
culture methods, the MCT 
system is designed to 

insure purity without tedi- ~~~ 
ous processing. By direct- 
ing the lymph across semi- 
permeable membranes, 

MCT provides both separa- 
tion of pitts protein from 
desired cell products, anda» 
continuous nutrient flow 
The ability to add or with- 
draw from the chamber to 
maintain optimal cell den- 


cally active mammal a i 
products, the MCT sys 
el a dg mam nk 









ts iae in a mo 









sity permits continuous ing pro 
harvest of a highly pure = = mammiafian cell- culture 
product. system, such as the © 





-a - Bio- seer MCT system sa i 
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Serum free cell growthwith new ULTROSER G 
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PETRUSER Giga serin free syntheticgrowth supporti naii ee : 
cell culture—and cuts out the pretesting n for fetal calf and 
other alternatives. As a true serum substitute, its well defined l 
composition guarantees you batch uniformity to consistently LA 
give you 8 oi cell development and reliable control over 
tissue culture variability. You'll soon find out how 
ULTROSER G saves you time, is easy to use, simple to 
store and gets you results—batch after batch after 
batch. With 5 times less protein than FCS to 
simplify purification and bioassays, and the mini- 
mal amounts needed (1—3%), you'll know why 
| so many labs like it even more. And when you 
=> 
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discover that it comes lyophilized, ready 
for use and can be kept outside a freezer, 
you'll want to check it yourself. Get 
<I in touch with LKB, and we'll send 
ae you the latest on how to grow cells 
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without serum—and without 


with Uone talle in S M — Fs problems. 
HAM'S F12 culture pe ate Boab) 
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Tests carried out by Dr. E. 
Boschetti at Réactifs 
B sinis Developed and 
manufactured by 





IBF 


Head office: LK B-Produkter AB, Box 305, 5-161 26 Bromma, Swede 
Tel 08-98 00 40, telex 10492 
Main US sales office: LKB Instruments, Inc. 9319 Gaither Road, 
Maryland 20877. Tel. 301-963-3200, telex 909870 (dom.), 64634 (intern.) 
UK sales office: LKB Instruments Ltd., 232 Addington Road, S. on, 
Surrey CR2 8YD, England. Tel 01-657 8822, telex 26441 
Other sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhagen, 
Lucerne, Madras, Moscow, Munich, Paris, Rome, Turku, Vienna, Zoetermeer 
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> _ 


EQUIPEMENTS SCIENTIFIQUES & INDUSTRIELS 
21 rue de l'Armistice 
94230 Cachan FRANCE 
Tél. : 33(1) 665.35.77 
Télex : ESI 270 923 F 





FASTER THAN ALL 


THE REST. 


lgGsorb isthe IgG adsorbing agent 
that won’t keep you waiting. It re- 
moves antibody and antibody- 
complexed antigen from solution 
in a mere 15 minutes! 


Highly specific for binding the FC 
portion of IgG antibodies, IgGsorb 
is a lyophilized preparation of 
Protein A fixed to the cell walls of 
inactivated Staphylococcus aureus. 

lgGsorb has more than speed too. 
It has long storage life. Its 
homogeneity can be assured. And 


“The Enzyme Center, Inc., 1984 


it serves a variety of applications, in 
some cases replacing charcoal, 
double antibody, and other cum- 
bersome methods of separation. 
Plus, it’s available in botn liquid 
and dry form. 
Try |lgGsorb yourself and see 
# 5 how fast it really is. Because two 
” hour waits you really don’t need! 


TOLL-FREE 1-800-343-2170 
Gre ENZYME CENTER, INC. 


36 Franklin Street. Malden MA02148 
(617) 322-4885 
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Let the 
NEN advantage 
in molecular biol 

work for you. 









The NEN advantage is the superior performance you 
get from products at the forefront of biotechnology. 
In molecular biology especially we offer a variety 
of innovative products in response to your specific needs. 
Here are three examples. 


Pretested research systems— 

We offer three new systems: C-Tailing and Cloning, 
Southern Cross/Restriction Mapping, and Wheat Germ 
Translation. That makes 16 systems pioneered by 
NEN to bring convenience and reproducibility 
to molecular biology studies. 


Autoradiography Enhancers— 
We continue to lead the industry with 
ENSHANCE™ and ENLIGHTNING”™, the enhancers 
that drastically reduce processing time. 


35$-Nucleotides 
Perhaps the best example of our commitment 
to biotechnology is our 5S-nucleotides, pioneered by NEN 
as a superior alternative to the conventional use of 32P 
The technical and safety advantages of using 35S 
are widely recognized, and we are 
collaborating with the research community 
to develop further applications. 


Let the NEN advantage work for you. 
Ask your NEN Technical Representative to give you 
more information about these and our other problem- 
solving products for molecular biology. 


- 


NEN, New England Nuclear ® 


Tos aer a a ot 
England Nuclear, 549 Albany St., Boston, MA 02118, Toll-Free 800-225-1572, in Mass. and International 


New 5 
Europe: NEN Chemicals GmbH, D-6072 Dreieich, W. Postfach 401240, Tel: (06103) 803-0, Order 
DuPont Canada (NEN Products): 2453 46th Avenue, Lachine, Quebec H8T 3C9, Tel: 514-636-4971, 
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nsitive It Is. 
Radioactive It Isn’t. 


The DNA Detection System 
From BRL. 


Until now, only a radioactive label 
could provide the sensitivity required for 
detecting small quantities of DNA. 
Today—with BRL’s new DNA Detection 
System—you can visualize even single copy 
genes without radioactivity. 


What the DNA Detection 


System is: 


Sensitive. Using this enzyme-based 
system, together with the nonradioactive 
label biotin-11-dUTP, you can detect 2 to 5 
picograms of DNA. The key to this extra- 
ordinary ability is a polymer of alkaline 
phosphatase, which provides far greater 
sensitivity than horseradish peroxidase. 

Reliable. Only BRL provides pretested 
reagents for making DNA test strips on 
your nitrocellulose. Developed beside 
your filter, test strips act as an internal 
control, enabling you to monitor each 


BRL 


Bethesda Research Laboratories 
Life Technologies, Inc, 
Gaithersburg, Maryland 20877, U.S.A. 
Telex: 64210 BRL GARG UW 
To Order: (800) 638-8992 
Tech-Line: (800) 638-4045 
In Maryland and outside the U.S 

(301) S0000 
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visualization reaction. 
Easy to use. All the reagents in the 


| system—biotinylated poly alkaline 


phosphatase, streptavidin, dyes, biotinyl- 
ated control DNA and DNA dilution 
buffer—are prescreened for use together. 
They are packaged in a convenient 
plastic container in which the filter can 
be developed. In addition, BRL’s DNA 
detection experts have compiled a clear, 
step-by-step instruction manual which is 
included with the system. Our scientists 
also can assist you when you call the 
BRL Tech-Line™. 

Flexible. You can label your DNA 
with biotin-11-dUTP and the nick trans- 
lation reagents or labeling protocol of 
your choice. Of course, if you choose to 
purchase BRL’s own Nick Translation 
Reagent System and our Biotin-11-dUTP, 
you can be assured of optimal results, 


Bethesda Research Laboratories Led. 
PO, Box 35 . Postfach 210265 
Trident House D7500 Karlsruhe 2! 
Renfrew Ro nd ‘ ERG. 

Paisley PA3 4EF, Scotland Tel: 0721 705006 
Tel: O41 8996100 
Telex: 777968 GIBCO G 


Bethesda Research Laboratories GmbH 


Telex: 7825957 GIBCO D 


because they are completely qualified for 
use with our companion DNA Detection 
System. 

Rapid and inexpensive. Faster tha’ 
autoradiography, the DNA Detectior i 
System actually costs less to use and 
requires no expensive equipment. 


What the DNA Detection 
System Isn’t: 


Radioactive. Used with biotin-1 l- 
dUTP, our system has none of the 
safety, stability and disposal problems 
associated with radiolabeling for auto- 
radiography. 


Ask for our brochure and try 
BRL’s DNA Detection 
System. You'll like it for what 
it is—and for what it isn’t. 


Bethesda Research Laboratories SARA. 
£95220 Herblay, France 


Telex: 695729 FRIMAGRE 


To Order/ Technical Services: { ESN 7 
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Abrupt, coordinated changes of direction in a flock of 
_ birds (like the dunlins shown here) seem to be initiated 
CSF by any bird executing a maneouvre towards the flock. 
- | The “manoeuvre wave” appears to be propagated in 
ea: . much the same way as occurs in a human chorus line {see 
p 344). 


| OPINION 
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€ apid and reli able synthesis of proteins encoded by Oae a 
ex0g eR DNA templates. This in vitro system may be used for the study 0 | 
ic gene expression, identification of proteins encoded by recombinant 
5 phage and the mapping of gene products to parti icular restric tion 








ble in two pack sizes: 10 reaction kit N.380Y 
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VISIONS 


NIKON INVERTED MICROSCOPE TMS 
FOR ROUTINE TISSUE CULTURE 








Rodent respiratory tissue 


Perfectly simple......simply perfect 

‘In a busy laboratory you don’t want 
l waste time making constant 
E inent, to your microscope. 

With the TMS you simply turn on the 
illumination, focus and you can get 
right to work examining your cells. 
The TMS features pre-centered phase, 
illumination and condenser 
systems. 
Quickly scan roller bottles by hand. 
Or, use the attachable mechanical 
stage to accurately position 96 well 
plates, micro-filter plates, petri dishes, 
1” x3” slide glasses, etc., on its large 
low positioned stage. 
Nikon's CF optics and the TMS body’s 
innovative design give you superb 
contrast and clarity. A new series of 
high-performance, low-cost, phase 
contrast optics from 10x phase to a 
long working distance 40x phase is 
' available in addition to a complete 
line of bright-field objectives. There 
even a unique 4X plan phase 
objective for low power scanning as 
well as long and extra-long working 
distance condensers. 
A high efficient 6V/20W halogen light 
source provides abundant illumina- 
tion for low to high power observa- 
tion. The TMS features include a 
fixed stage with focusing nosepiece, 
ultra-stable diecast body, human- 
engineered design, high eye-point 
eyepieces suitable for use with eye- 
glasses,and many other advantages 
The Nikon TMS. It'll simply improve 
your lab. 

Extend your vision. Write: 
NIPPON KOGAKU K.K, Fuji Bldg., 
2-3, Marunouchi 3-chome, 
Chiyoda-ku, Tokyo 100, Japan 


Nikon 


tending Man’s Vision 
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lot-Blotting? 


With S&S the choice is yours-MinifoldI or Minifold II 


Schleicher & Schueli's 
inifold® units are 
uniquely designed for the 
immobilization of multiple 
samples of DNA or RNA 
without cross lateral flow. 
Both units are particularly 
useful for the covalent, 
anionic or adsorptive 
binding of nucleic acids 
in conjunction with the 
appropriate S&S binding 
medium (e.g., S&S NC™ 
nitrocellulose). Both are 
precision-tooled from 
rugged, polished acrylic. 


The Minifold I features 
96 sample wells de- 


signed in the Microtiter 
format to facilitate 
sample handling. Each 
sample well is sealed 
with a silicone O-ring. 
The large filtration area 
per well (0.32 cm“ 
makes the Minifold I 
ideal for the screening of 
DNA clones and optim- 
izes the immobilization of 
mRNA in the Quick- 
Blot™ technique. 


The Minifold II offers a 
convenient method for 
quantitating multiple 
nucleic acid samples. 


Each of the 72 sample 
welis has a very small fil- 
tration area (6.0 mm’), 
resulting in a greater con- 
centration of nucleic 
acids on the filter 
medium. The siot format 
of the Minifold II sample 
wells enhances DNA or 
RNA sample quantitation 
by densitometry. 


Dot-blotting or slot-blot- 
ting: S&S is the only 
company that gives you 
a choice. 


Contact S&S for further 
information. 


icher & Schuell 


Innovators in Separation Science 


Schleicher « Schuell, Inc., Keene, N.H. 03431, Phone: (603) 352-3810 


Schleicher a Schuel GmbH 
D-3354 Dassel 
West Germany | | 


Schleicher a Schuell AG 
CH-8714 Feldbach ZH 
Switzerland 


Schleicher a Schuell Nederland BV 
's-Hertogenbosch 
The Netherlands 
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‘PLUS INCUBATOR ~ 









By changing a shelf on 
| any one of the new plus 

| range of incubators you can 
| convert it into a roller bottle, 
_| an orbital or a stirring sus- 
| pension incubator, or 
| any combination of 
| each. It’s simple! Start 
| with one of the basic plus 






shelf options there are also a 
number of plug-in control 
units including temper- 
ature presets, cyclic 
timing or temperature 
recording -all of which can 
be bought either at the time | 
of purchase or ata later date. 




































incubators - there are three The plus series incubators 
| Sizes to choose from, fita | the roller botte are quite the most versatile 
F shelf will accept up to 3 roller | on the market. 
wa culture bottles. The speed is 





— Flexible drive powered shelves — 





externally adjustable from 
0 to 3 rpm. 













Speed 
Roller Up to 3 rpm 
Orbital/Linear Up to 250 rpm 


Magnetic Stirring Up to 1000 rpm 


ROT E ENA 

-| Roller 3 bottles 110 mm 
E diameter max. 
s 370 mm length 


-Orbital/Linear The platform is £ 
a perforated to enable “SS 
T it to accept flask clips. 
6. This enables different 
ay flask sizes in any 
combination to be 
accepted. Maximum 
four 1 litre flasks 









The magnetic 

































peek | stirrer shelf willaccept | Available in sizes 75. 150 and f 
| Magnetic Stirring Six places up to six flasks. The speed | 225 litres. Witha maximum temperature : 
. is externally adjustable for | of 100°C the incubators are accurate to 0.1°C. 
Overall size either gentle cell stirring 
af wxd, mm or vigorous mixing. 
| (Rotter 375x375 It goes without say ing 
-| Orbital/Linear 360 x 334 


that Gallenkamp plus incu- 
N sx | Dators are manufactured to | 
ens e GRADA 7 C 5 the highest standard of speci- | 

i3 Da fication and quality-shiny | 


Magnetic Stirring 370x340 


flexible drive unit and then Y 
choose ashelforshelves fam 


stainless steel interior, 
| to suityour application. digital set and read 
| The shelves lock into temperature control and 


| the flexible drive in 
Lg seconds and simply 
slide into the incubator so 


much more. Contact us now 
for the full 
story on the allenhamh 





aľs very easy to change the plus series PO Box 290 
1 : Technico House 
i function. And of course - incubator. Christopher Street 
| you can continue to use the Orbital/linear shelf. The platform accepts any London EC2P 2ER 


size of flask clip from 25cm? to 2 Lt. and will 


tandar as. give either a gentle orbital action or a more 
4. incubator for S di incu vigorous side-to-side sliding action. The speed 


ations atthe same time. is externally adjustable from 0 to 250 rom. 


Tel: 01-247 3211 
Telex: 886041 
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Organized and presented by 


Recent developments in NATURE, the international 

molecular biology, many of journa l of science 

which have been described a 
by their authors in Nature, Perhaps the most important international con- l 
are helping to clarify the ference you could attend in 1984. Devoted to 

causes of cancer. With each the recent contributions of molecular biology 

passing week, more and to the understanding of malignant disease. 

more people consider that a 

ene ed For Research Scientists 

But the implications for and Clinicians 


physicians and their patients 


are still entirely unclear. IN SEARCH OF UNDERSTANDING... 


CANCER. 





This is why NATURE has SEPTEMBER 10, 11, 12, 1984 
chosen to devote its third BOSTON PARK PLAZA HOTEL 
international conference to 


Park Plaza at Arlington Street 
an occasion when Boston, MA 02117 U.S.A. 


researchers in the life The conference program has been de- To this end, the leading scientists mak- 


sciences and clinicians can signed for two groups of people—re- ing formal presentations will also take 
assess the importance of searchers in the life sciences anxious part in two-hour round table discus- 

: to learn about and discuss the latest sions, providing an ample and unusual 
recent developments in developments in the molecular biol- opportunity for participants to take 
molecular biology for the ogy of cancer, and physicians who partin detailed discussions and to make 

. consider that these developments short presentations of their own. 
understanding and may eventually affect their own work 
ultimately for the with patients. To take part in this important and novel E ' 
treatment of cancer. Participation in the conference will be conferen Agn ae Žž 


rooms (also limited) at the Boston Park F 


restricted so as to provide opportunities Plaza Hotel and Towers. 


for those participating to mix with and 
to question those responsible for the lat- 
est research. 
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Ry > see ee ger, 
ation and payment is re- | iblis ng Co., 15E. 26 St., N.Y., NY 
cad dl you may f may dedu t$ 3 ee 10010, (212) 689-5900. 
re Replat 
z 325 ahs pay only $275. 


“3 TH HE E SETTING: Boston Park Plaza 

otel and Towers, Boston located at 

Pe k Plaza and Arlington Street, just 

is he famous Boston Public Gardens 
d 1 Common. 


53 


R 100M RESERVATIONS: A large 
bloc oe rooms has been set aside for 
p atten , but we do suggest that you 
reser ve your accommodations early, to 
ey void d disappointment. Rooms must be 
a jed directly with the Hotel, at 
6 17) 426-2000, or 800-225-2008, Te- 
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The use of inverted microscopes is on the rise in bio-medical 
research and routine applications. Today, Zeiss offers the most 


miplete line of inverted microscopes. Each features the inim 
itable optics and precision engineering that have made ~ 
“and keep — Zeiss pre-eminent in the field. Here are three, very 
affordable Zeiss inverted microscopes. Like all Zeiss micro- 
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inverted microscopes. 
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ITISH governments, even those like the present which profess 
t government should be unobtrusive, are chronically inclined 
entralism. That is the only charitable reading of the decision 
ee Nature 17 May, p.197) that the government intends to 
ervene directly on the issue of academic tenure in British 
versities. The plan, which will no doubt be legitimized by the 
rnment’s huge majority in the House of Commons, is that a 
p of unnamed statutory commissioners should be given the 
er to amend the charters which allow British universities to 
ate as such. The excuse, according to the Secretary of State 
3ducation and Science, Sir Keith Joseph, is that universities 
-been slow, these past two years, voluntarily to extinguish 
mic tenure and are probably constitutionally incapable of 
g so. The truth is that the present government is deeply 
nded by the common (but not universal) clause in British 
demics’ contracts of employment that appointments will 
ntinue until ‘‘normal retirement age’’, and is impatient to see 
sé arrangements swept away. By proposing to intervene 
y, however, the government has confirmed its reputation as 
that lets prejudice dictate policy. 
€ case for academic tenure is widely misunderstood, but 
s from the doctrine that universities are self-governing 
munities of scholars within which people may (and will) 
gree on questions as different as the allocation of car-parking 
and the best route to the quantization of the gravitational 
The past six centuries have provided ample evidence that 
ties are most creative when individuals are able to follow 
j H ; faquiry | which their immediate colleagues may consider 
hich fall outside public definitions, by 
of social needs. Both in research and 
hing, the spensable social function of universities is the 
-headed iconoclasm of which they are the only continuing 
ce. Unfortunately. for the government, this requires that 
mics should enjoy a measure of intellectual independence 
from those who are titularly superiors. It would be (and 
n attempted is) disastrous if heads of academic departments 
ight to organize their bailiwicks’ research as if it were an 
ndustrial research programme directed at a well-defined 
bjective. In industry, it is proper that somebody unwilling to 
nform with the overall plan should be asked to find a job 
elsewhere. Human nature being what it is, heads of university 
departments are not always free from the temptation to ponder 
he advantages of such arrangements. The freedom to dissent 
even from close colleagues’ opinions is what the tenure system was 
intended to preserve. 






























































why should academics be insulated from the market forces to 


ment has been asking these past five years. The question iS 
ble enough, but begs another provoked by the way in which 
ish Government itself has been rigging the market in which 
sh universities now operate. The decree more than three years 
hat student numbers must be limited, and the foolish 
ion of this demand into student quotas for every British 

th Committee, means that 
o ensure their own security 














i 1e British Government plans to intervene directly in the ancient argument about the terms on- ms 
y hich university teachers are appointed. It may irreparably damage the universities in the process.. 


sh all other people are exposed? That is what the British 


higher education. Specia 







public sponsorship, more recently, for the provision of higher- 
education in fields such as information technology, while 
generally welcomed by hard-pressed universities, is another sign: 
that the academic market is not a genuine interaction between . 
self-governing communities of academics and would-be students’ 
but a process in which often arbitrary external influences play an- 
important part. But unpredictable changes in the environment in. 
which academics must work are not always as remote. Last week’: 
report from the science board of the Science and Engineering 
Research Council (see p. 297), the chief source of financial 
support for ‘‘small science” in British universities, says that, it 
future, industrial applicability will be one of the chief criteria fo 
deciding how research grants will be awarded, thus loading the. 
dice against academic scientists whose interests lie elsewhere. 
When fashion and prejudiced opinion have such an important 
influence on the academic market, it would not merely be unfair 
to expect that academics should allow their careers to b 
determined so arbitrarily, but would probably be impossible: 
potential academics would prefer to look for jobs elsewhere.: De 


Implications 


None of this implies that the tenure system as it isis sacros 
On the contrary, there is both a need for change and evidence that 
universities and those who work in them agree. Plainly, if a 
university as such should cease to exist, it would be unreasonable 
of its employees to expect that their employment should neverth 
less continue. Similarly, if a university should find that student 
demand for some of the services it offers has collapsed, and 
concerned are unable to discover other opportunities to exploit, 
is only seemly that they should be invited to pursue their academic 
interests in some other environment. For while universities are, or 
should be, self-governing communities of scholars whose unique — 
product is the outcome of successful research, their bread and. 
butter, now asin the twelfth century, is the education of students 
But the revision of the rules of tenure which the British 
Government is seeking will be equitable and tolerable only if it is 
accompanied by a restoration of some semblance of each: 
university’s freedom to decide for itself what to teach, and to . 
whom. > 
The specific implications of this simple rule are plain. First, the ee 
student quotas, which are unfair to would-be students and alee 
source of serious diseconomy, should be abolished. Since the 
system exists only because the government cannot think ofany 
other way of limiting the aggregate amount of what itis required __ 
by law to pay to local authorities in respect of university feesand = 
maintenance grants, it should quickly bend its ingenuity to — 

helping young people now denied higher education to pay for it.” 
Second, the market in higher education should be made to work. 
freely in the sense that universities should be rewarded according . 
to their effectiveness in satisfying the demands made on them. As" 
things are, individual universities may find departments of which, 
they are proud snatched away because some committee has 
decided that another arrangement would better meet the national’ 
interest. Finally, for restriction of tenure to be equitable and. 
acceptable, universities must not merely be free to make acade ni 
decisions for themselves (wit | | 
time), but must do so in su 
affected fully participate. . 










































































necessary. Moreover, some of the devices that have been 
. Suggested for amending the standard form of academic tenure — 
longer probationary periods or even periodic reviews — would be 
seen to be irrelevant, even counter-productive. For younger 
academics, and those whose chief contributions to the work of 
their universities is in teaching rather than research, are just as 
much in need of protection from tyrannical superiors as those 
whose research is off the beaten track. Thus the standard terms of 
- tenure should be amended only so as to allow appointments to be 
- terminated when a university is forced by financial considerations 
< to contract or when, after serious and open discussion within an 
~ institution, a change of academic policy seems prudent. The need 
to demonstrate due process should be paramount. 

Even at this late stage, the British Government should 
“recognize that it is more likely to damage its university system 
beyond repair by forcing amendment of academic tenure through 
he parliamentary system than to gain from winning a symbolic 
ight with institutions already all too painfully aware of being in 
its pocket. Victory, of course, would allow the government to 
‘laim that it had put academics on the same basis as other 
professional people. Only with the passage of time would it 
become apparent that the supply of would-be academics had 
dried up. Indeed, it is even possible that signs of damage would 
never become so obvious that the government would be 
_ compelled to notice. Good people, notoriously mobile as things 
are, would seek posts in research institutes or universities 
elsewhere, allowing vacancies to be filled by the less able. Is that 
e British Government wants? = 


3anking under strain 


The near-collapse of a US bank shows the need 


for a deal with developing countries. 


THE unwelcome shadow of the Great Crash of the 1930s was 
_ abroad like the reaper last week, and it is too soon to know 
_ whether it has gone for the time being. Just as the First World War 
began with an assassination in the obscure Serbian city of 
Sarajevo, so the decade of economic upheaval of the 1930s began 
with the collapse of an obscure Austrian bank of which most of 
those affected had not previously heard. Last week’s difficulties 
were inevitably better publicized. On the Monday, a group of 
ew York banks announced that they had clubbed together to 
provide $4,500 million of credit to the Continental Illinois Bank 
and Trust Company, a kind of bankers’ bank which has so far 
_ made its way in the world by borrowing on a short-term basis from 
-other banks and lending on a long-term basis to other kinds of 
institutions, mostly commercial companies. After two disastrous 
years, partly attributable to a rash of light-hearted lending to oil- 
-= exploration companies (through the intermediary of an 
~~ Oklahoma bank which collapsed in July 1982), the bank’s bad 
. debts had grown to more than $2,000 million, more than the value 
of its capital. So, inevitably, other banks became chary of lending 
-< to- Continental Illinois, which is said to have been borrowing 
overnight money from its fellow banks to the tune of $8,000 
_. Million each day. By this yardstick, it is hardly surprising that even 
the $4,500 million was not enough to still the rumour mills, so that 
> by the end of the week the US Federal Reserve, the lender of last 
“resort, was forced to chip in a further $7,500 million to prevent 
Continental Illinois from going bust. 
Why should that matter? Why should the Federal Reserve have 
: gone to such trouble to save an over-ambitious bank from 
collapse when there are many in Congress who think it high time 
the banking industry, not noticeably unprosperous, was 
ght a lesson? And why, if it comes to that, had not the Federal 
erve diligently exercised its supervisory powers to ensure that 
ntinental illinois lived less hazardously? All the answers are 
À | w out last weekend by the 
rica: Argentina, Brazil, 


















3 ish Government now plans to use for the enforced 
restriction of tenure (on new appointments only) would not be — 






















































: krean. for which a rescu 
r, Tate z of inflation i is now 4 48 













and the economic security of our continent” ‘should be ‘put i 
hazard by high interest rates on borrowed funds and by the 
protectionism now apparent to suppliers of primary raw 
materials. This telling statement explains what has been 
happening in the United States because it draws attention not 
merely to the plight of the debtors but to the vulnerability of their 
creditors. The commercial banks could fall like dominoes if, in 
these delicate circumstances, one of them keeled over, while _ 
banking’s supervisory agencies, accustomed as they have become 
to letting banks count as assets even their most dubious loans to. 
developing countries in money trouble, plainly cannot be ove 
diligent in regulating the banks’ domestic business. xs 
The reasons why this underlying delicacy has so sudde 
become apparent are also simple, and are to be found 
Washington and New York. The administration’s huge bi 
deficit, in round numbers £200,000 million this calendar yea 
somehow to be matched by persuading people somewhere ti 
US Government securities. If the United States were financi 
isolated, the result would be a high rate of domestic inflatio 
the real world, much of the borrowed money comes. 
elsewhere, from overseas investors attracted by the high rz 
interest the federal government must pay and also by the 
there have been, in the past year, of a return to rapid economi 
growth. The result of all this is that the dollar has been stron 
relative to other currencies and that the terms of trade have mov 
against the United States, which is likely this year to sper 
$80,000 million more on imports than it will earn from expo! 
(which will again be financed by borrowing from abroad). But an 
election year is hardly the time to expect the federal government to 
change its tack. 
Where all this will lead is anybody’s guess. To the extent that 
Continental Hlinois will now have been able to replace some of i 
short-term debt, interest rates should fall temporarily but at the 
expense of the infation rate (which will be slower to respond 
Sooner or later, there will have to bea settlement with Continen 
Illinois, in the course of which the bank’s shareholders will be tk 
chief losers (the consequences of which will be modest 
deflationary). Whether these mildly beneficial effects will las 
until the presidential election in November is uncertain; mo: 
probably, they will not, for the commercial banking system will 
long before then be grappling with the next crisis among the 
debtor nations. To judge from the weekend declaration, that 
negotiation will be more tricky than the successful attempts to 
reschedule the payments of debt which there have beeninthe past _ 
two years, when the commercial banks have safeguarded their __ 
assets (loans) by lending debtors part of the money required to pay 
past interest, relying on tough economic recipes dictated by the __ 
International Monetary Fund to help ensure that the amounts i 
outstanding will also in due course be paid. Ee 
What the Latin-American debtors now say is that they cannot 
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continue to toe the bankers’ line. Instead, they plead that there __ 















should be a conference later in the year to consider ways in which 
they could earn their vay out of trouble by being helped to sell raw 
materials to their industrialized creditors. The catch is that t 








banks will be eager for any ie | 
The stratagem of replacing all t! 
long-term loans from some inte 
would safeguard the commercial t 
objectionable, but may bethe only 
West when it holds’ its su 


n Japan’s Yuri 2A satellite — the world’s 
irst direct television broadcasting satellite 


(DBS) — has provoked a furious reaction 


-from the Japanese Government. In 
language normally reserved for serious 
clashes over trade imbalances, the Minister 
-of Posts and Telecommunications, Keiwa 

Okuda, told visiting US Vice-President 
_ George Bush last week that the government 
took a “‘serious view” of the breakdown of 
‘wo out of three of the satellite’s trans- 


<: Yuri 2A was launched in January to 
prove reception of the state broad- 


nels for around one million people 
in mountainous regions, remote 


with only one transponder function- 

t, NHK has abandoned plans to broad- 

t its second educational channel. A 

okesman for Toshiba, the satellite’s 
n contractor, said the malfunctioning 

its were manufactured by Thomson CSF 
France and assembled by General 
ectric in the United States. 

The angry reaction to the failure does 
however, reflect disappointment at the 
-of educational broadcasts but the 
cal role Yuri plays in a whole set of con- 

g aspirations for the Japanese tele- 
munications, satellite and electronics 


All the technologically- advanced 
| ations are now making plans to introduce 


‘satellite broadcasting. By being first | 


ff the mark, Japanese manufacturers had 

ped to establish themselves as the 
ümber one suppliers of receiving equip- 
ment. The parabolic antennas and 
lecoders needed to receive NHK broad- 
casts are already on sale in every corner 
electronics store in Japan, and Toshiba and 
a Nippon Electric Company (NEC) 


ffiliate have been named as suppliers by | 


atellite Television of the United States, 
which hopes to have its own satellites ready 
_by the end of 1985. The failure of Yuri is 
bound to affect sales in the home market, 
which would have built up experience for 
the international market. 
-The same companies are also eyeing the 


P. , Europe (625) — which gives a picture no 
ailure of US- assembled components 


different in quality from commercial 
35-mm movie projection. The trouble is 
that this NHK technological advance can 
only be capitalized upon if the 1,125-line 
system is adopted as an international 
standard. Strong competition is now 
coming from a 925-line system developed 
in the US Advanced Television Project at 
Massachusetts Institute of Technology. 
Technically the US system looks superior 
because it requires less transmission 
capacity. 

_ Both Sony and Matsushita Electric will 
have 1,125-line systems ready for the 
marketplace by 1986. And by getting 
working systems out as soon as possible — 
beginning with mini ‘‘video theatres’ — 
they hope to push international acceptance 
of the 1,125 standard. Any slowing in the 
pace of satellite development is seen as a 
long-term threat to the technological lead 
they will have when DBS becomes available 
for high-definition television. 

More immediately worried by Yuri’s 
failure are big businesses which want to buy 
communications satellites to transmit their 
own business data. Only a year ago, 
Keidanren (the Federation of Economic 
Organizations), backed by the satellite 
building lobby, was insisting that all 
Japan’s satellites be domestically 
developed and the goverment was refusing 


cations satellites — if not other catego she = 
— to be imported. | 
The failure of Yuri now has the domes 
satellite makers screaming for: foreign 
imports to be stopped again — on the 
grounds that they are too unreliable. Bu 
the potential users have already formed: 
30-company group to purchase. 
communications satellite from the United 
States. Their counter-argument is for a 
domestic satellite which will still have to. 
contain a high percentage of foreign par 
Criticism is also coming NHK’s. way ca) 
having the satellite built with excepti 
powerful transponders. This mi 
been strongly opposed: by i 


the transmissions to be received on smalle | 
antennas. Now NHK is wondering what to. 
do with Yuri 2B, an identical satellite. 
scheduled for launch in the summer of next 
year. Should it be rebuilt or oe as it. 
is? ee 
For the time being anyway, 

cutting its losses by licensing thes 

an “experimental” rather than * 
casting’’ service with the Ministry of Po 
and Telecommunications. No charges wil 
be made for those who have- ‘bough 
antennas and are receiving Yuri’s fi 
broadcasts. Alun Ande: 


Copyright for software in Australia 


Canberra 

THE Australian Government has 
announced its immediate intention to 
extend to computer software the copyright 
protection usually given to literary works. 
This should end the present uncertainty 
about the legai status of software following 


much bigger technological opportunities to | ` 


ffered by DBS in the future. Japanese | 


panies believe that DBS will be used in 
1990s to begin high-definition tele- 
ion broadcasts. Already Japan is the 
rid leader in this technology. As long 
9 as 1968, NHK research laboratories 


I 


fi 


the decision of Mr Justice Beaumont in the 
APPLE COMPUTER versus COMPUT 
ER EDGE case late last year that certain 
types of computer software were. no! 
protected by copyright under the 1968 act 
The case is still under appeal before the f 
federal court. x 

A joint statement issued on 15 May by 
the Attorney-General and by the Ministers _ 
for Industry and Commerce and for 
Science and Technology, says that the 


intended inclusion of software in the exist- __ 
ing copyright category of ‘‘literary works” 
rather than under the less restrictive patent. __ 
law is intended to stimulate research and __ 
development in the local software industry. 

Unless a federal full court decision | 
supervenes, it is intended that passage of — 


the proposed legislation should be secured 
in June, and should be understood as a- 


short-term measure. It will not pre-emy 


consideration of fundamental issue: 
remaining to be resolved, both at th 
pean and international ee on along 














Washington 
AN experiment that would have been. the 


the environment was blocked last week bya 
federal judge (see p. 301). Granting a 
otion filed by anti-genetic engineering 
activist Jeremy Rifkin, Judge John Sirica 
ordered the University of California not to 
- proceed with the experiment of Drs Steven 
Lindow and Nikolas Panopoulos until a 
-full hearing can be held on Rifkin’s lawsuit, 
which challenges last year’s approval of the 
experiment by the Recombinant DNA 
Advisory Committee (RAC) of the 
National Institutes of Health (NIH). RAC 













pending. 

s ‘The Lindow experiment was to have 
tested the ability of altered strains of the 
bacterium Pseudomonas syringae to pro- 
tect potato plants in the field against frost 
damage. The altered bacteria have a 
deletion for the gene responsible for an ice- 
nucleating protein excreted by the wild 
acteria on the leaves of plants. 
Attorneys for the University of 
alifornia said they would immediately 
appeal. According to Dr Lindow, if the 
experiments cannot begin this week or 
next, they will be delayed until the autumn, 
-when temperatures at the test site in 
northern California once again drop below 
freezing. The experiments, originally 
planned for last autumn, were postponed 
when Rifkin threatened at that time to seek 
an injunction (see Nature 306, 349; 1983). 

_ Sirica’s unusually detailed ruling on the 
reliminary injunction strongly suggests 
t he will also find in Rifkin’s favour 
hen the hearing is held. Rifkin is claiming 
that NIH should have filed environmental 
impact statements before approving the 
_ Lindow experiment, The ruling does not 
-affect private industry, but only experi- 
ments carried out with NIH funds. 
- Advanced Genetic Systems has submitted a 
proposal to RAC for an experiment 
virtually identical with Lindow’s which is 
-= likely to be approved at the next meeting of 
the committee. 

~ Although the ruling is a victory for 
Rifkin, Sirica made clear that he was 
making no judgement on the scientific 
~ issues that Rifkin had tried to raise. Sirica’s 
< Judgement says that he was deciding only 
“narrow legal questions” and, during last 
week’s hearing, he repeatedly rebuffed 
ttempts by Rifkin’s attorney to present 
mony HOM scientific PEN 








rst to release recombinant organisms to 


| either Sakharov or his wife would create 


_common concern of all’’. 





in wins interim injunction |* 


would. meanwhile carry out their ex oat a 
ments in other countries —. or industry i m 
sponsored research would prolife el 

Lindow’s experiment, first considered in [e 
October 1982, was unanimously approved 
at the April 1983 meeting of RAC. During 
its brief deliberation, the committee noted 
that Lindow had already performed 
identical experiments involving chemi- 
cally-mutated bacteria without ill effect 
and that the experimental proposal had 
been modified to meet earlier concern. 

On both occasions, the proposals were 
published in the Federal Register for public 


Andrei Sakharov 
Birthday gloom and celebrations 


New York 

LAST Monday, 21 May, the 63rd birthday 
of Dr Andrei Sakharov, the dissident 
Soviet physicist now in internal exile in 
Gor’kii, was marked by various and diverse 
events. In the Soviet Union, Dr Sakharov 
himself, who with his wife has been on an 
open-ended fast since 2 May, was removed, 
over the weekend, to a nursing home, 
where he is reportedly being forcibly fed. 
At the same time, the Soviet media stepped 
up their attacks on Sakharov’s wife, Elena 
Bonner, on whose behalf he has under- 
taken the fast, accusing her, in effect, of ex- 
ploiting her husband. In the United States, 
however, the day was marked by a concert 
in New York’s Carnegie Hall, and the con- 
ferring in absentia of two honorary 
degrees, by the Universities of Long Island 
and of Pennsylvania. 

The concert and the degree ceremonies 
were, of course, planned long ago. Nor is 
this the first time that Sakharov has 
received an honorary degree. Moreover, 
some of the formal speeches placed 
relatively little emphasis on the current 
plight of Sakharov and his wife, but 
delivered very much the same message on 
the scientist’s responsibility to society as 
they would otherwise have done. 

Sakharov’s physicist colleagues, how- 
ever have responded to the latest events. 
Last week, 36 members of the US National 
Academy of Sciences (of which Sakharov is 
an honorary foreign member), including 13 
Nobel laureates and the presidents of the 
American Academy of Arts and Sciences 
and the American Physical Society, sent a 
cable to the Soviet leader, Konstantin 
Chernenko, stressing their ‘‘deep | 
eoncern’’ and saying that the death of | 

















deliberations constitute s an enviroumbatal ae 
assessment, saying he was “confident that 
the plaintiffs have identified several areas _ He 
of plausible environmental concern which 
are not rebutted on the record before this. | 
Court”’ Stephen Budiansky 




































































The Soviet view, however, is that the 
are not creating martyrs, but forestall 
an anti-Soviet plot. Adequate treatm 
for Mrs Bonner’s heart condition is, 
say, available in the Soviet Union. | 
demand to go abroad (the repeated refu: 
of which triggered the fast) is, accordi 
TASS, the official Soviet news age 
only so that she might become ‘‘one of 
leaders of the anti-Soviet scum on the pa 
roll of the Western special services’. _- 

As early as 4 May, TASS described f: 
scenario in which ‘‘with the participation 
of American diplomats. . . Sakharov. 
would declare another ‘hunger strike’ 
while Bonner would receive ‘asylum’ in the 
US Embassy in Moscow” for the purpose 
of meeting foreign correspondents and 
‘‘for the transmission abroad of- 
slanderous fabrications about the Soviet. . 
Union. This ‘‘operation’’, TASS claimed, 
was ‘‘frustrated’’ by the ‘‘timely measur: 
taken by the Soviet law- enforcement 
agencies” 

The US Embassy in Moscow and the 
State Department in Washington 
immediately denied any US involvement in. 
such a plan. Last Saturday, however, the- 
New York Times quoted unnamed State 
Department officials as admitting that- 
Sakharov had appealed to the embassy to. | 
shelter his wife during the fast but that, __ 
since the embassy had not received | 
Sakharov’s letter until after Mrs Bonner __ 
had left Moscow for Gor’kii, they had not. 
discussed either the appeal or the fast with 
her. The same issue of the New York Times __ 
also carried a story, originating from Jean = 
Daniel, editor of the Paris weekly Le 
Nouvel Observateur, claiming that there- 
had: been ‘‘indirect’’ approaches from 
Sov tE bna A ee es that th 








































‘very severe and long-lasting damage to 
efforts to maintain and to improve col- 
laboration and cooperation with our Soviet 










colleagues”. A ‘‘humanitarian act to save of medium-rang 
the Sakharovs”’, rather than “‘the creation . missiles in A 
of martyrs” is, they urge, : Atlanti 3 


“‘surely the 


‘ial promise to be blessed 


science board of Britain’s Science and 
gineering Research Council (SERC) has 
en notice to the research community of 
how it wants to develop its new ‘‘active’’ 


arch funding policy. ‘Clear industrial | 


otential’’ seems to be one guiding prin- 


ciple. The board has drawn up a novel | 


Classification of the research it finances and 
-has initiated reviews which, it claims, are 
already suggesting neglected areas. 
œ In a policy statement published last 
week, A strategy for support of core 
Science, the board says that reviews being 
carried out by its separate committees 
str $$ the importance of access to advanced 
rumentation and adequate provision of 
_ personnel. In chemistry, where the most 


-progress has so far been made, the syn- | 


thesis of new materials and the study of 
catalytic reactions at surfaces will receive a 


* higher priority, while low-dimensional 


structures, protein engineering and 
emical sensors are among interdis- 
plinary areas identified as ‘‘research 
hemes” deserving more support. For 
: iology, image-processing and neuro- 
ience are short-listed priority areas. 
The science board is the largest of the 
‘Our main arms of SERC and finances 
esearch worth £70 million a year. Butit has 
-been under increasing financial pressure in 
‘ecent years, and this has emphasized the 
need to take a more directive role in select- 
g research areas, according to its chair- 
an, Professor John Cadogan. Research 
nts to university workers, for example, 
ell from £24 million in 1977-78 to £19.5 
llion in 1982-83 (1982 prices), and 30 per 
cent of grant applications: deemed. worthy 
of “‘alpha’’ status are now going un- 
upported. The remainder of the science 
‘beard’s budget divides roughly equally 
between supporting research students and 
‘maintaining and developing central and 
regional facilities such as the synchrotron 
radiation source at Daresbury, Cheshire, 
and the central laser facility at the 
Rutherford-Appleton laboratory in 
Oxfordshire, as well as university install- 
ations. Cadogan is quite candid about his 
aim of securing a bigger slice of SERC’s 
budget for the science board. 


< Many feel that astronomy and nuclear 


physics, each of which has its own board 
within the research council, are over- 
represented on SERC’s governing body. A 
recent proposal to merge them was 
dropped despite the personal backing of 


SERC’s chairman, Professor John | 


Kingman. Cadogan, an industrial chemist, 
diplomatically noncommittal, suggesting 
maybe the time was not right, But the 


ailure of the idea will not have made his | 


ru ade f or core science any easier. 


board will decide what the priority subjects 
should be, although it stresses that there 
will be continuing reviews. 

It seems possible that in future more re- 
search with clear economic potential will be 
supported. Here the new strategy docu- 
ment appears somewhat uncertain. ‘‘It is 
not the science board’s job or intent to 
Support research specifically for 
industry”, it declares boldly, adding, 
however, immediately afterwards that it 
‘“believes it must support core science in 
such a way that British industry prospers’’. 
Nevertheless, the board insists, it remains a 
fundamental tenet of its philosophy that 
funds must be made available for ‘‘out- 
standing scientists’? on any problem of 
“excellence, timeliness and promise’’. The 
idea of a special fund for such ‘‘blue sky”’ 
research was dropped, however. 

The science board’s most urgent priority 
now is to increase again the amount that it 
can spend on research grants, and a strong 
case along these lines is contained in 
SERC’s submission to the Advisory Board 
for the Research Councils on scientific 
opportunities for 1985. Something of the 
new subject strategy exercise has also 
found its way into this document, although 
the full impact will not be felt until next 
year’s survey of opportunities for 1986. In 
the meantime, the details of ‘‘research 
themes” in most subjects are still being 
worked out, and the science board hopes its 
new document will be circulated widely and 
attract comment. Tim Beardsley 


Education i in Ca 


Washington 

THE Science Council of Canada has join Hi 
the international stampede to declare th 
need for ‘‘sweeping’’ changes in the way 
its schools teach science. In a new report 
for the Ministry of Science and Tec = 
nology, the council says that most teachers 
are underqualified and that science text 
books and curricula present a picture 0 
science so oversimplified that itis no longe 
authentic. Unlike a similar report publish 
ed last year by the United States’ National 
Science Board, however, the Canadian 
study claims that dramatic improvements 
can be made without large expenditure and. 
by working through existing institutions. 

The report’s principal recommendation. 
is that all elementary school children’ 
should receive science education as propos- 
ed in the official policy statements of pro- 
vincial ministries of education. The Scienc 
Council concluded that these policie 
seldom observed and that most children 
given only “token” exposure. The council 
is impatient with the argument of many 
elementary schools that science is “‘inte- 
grated” in other class activities, believing 
‘‘integration” to be so vague as to be of lit- 
tle value. It says science should be taught as 
a specific subject for at least 10 per cent of 
the time. 

Another major issue raised in the Cana- 
dian report is the quality of science tex 
books. The council does not quarrel wit 
their accuracy, but says they fail to convey 
a realistic sense of the way in which 
search is conducted and of the link k bet 
science and technology. 


Kew palms off its Victorian critics 


THE normally serene surroundings of the 
Royal Botanic Gardens at Kew, on the out- 
skirts of London, have been rudely dis- 
turbed in recent months. 

Bitter arguments have raged over plans 
largely to reconstruct the outstanding 19th- 


century palm house (above), designed by 
Richard Turner and Decimus Burton and 


the inspiration for tropical plant houses the 
world over. 

The building is in poor structural con- 
dition and now has to be painted every two 


t} years, while 600 panes of specially curved 


em | glass have to be replaced annually. But | 


renovation plans put forward by the 


Property Services Agency of the Depart- 
ment of the Environment have aroused the 
ire of the Victorian Society, among others. _ 


The existing wrought-iron glazing bars will 
have to be replaced with stainless steel, 
because wrought iron is not now availabl e 
in sufficient quantity. a 

Some sort of compromise on the aba i 
has now been reached. But the Garden 
History Society is still unhappy with plan 
to increase the extent of the A doi beds 3 











THE United States chemicals group 
Monsanto last week announced plans for a 
‘£65 million investment in a new British 
Silicon wafer research and production 
Operation. The intention is further to 
improve crystal purity, which will involve 
“developing new instrumentation, and 
:« eventually to manufacture wafers of up to 8 
-inch (200mm) diameter. Monsanto expects 
to collaborate extensively with British 
university departments. World supplies of 
silicon wafers manufactured to the 
required purity and high degree of fiatness 
‘are at present restricted to relatively few 
; anufacturers. Demand is expected to 
ncrease rapidly, however. Monsanto is a 
leading supplier to the semiconductor 
industry in the United States but lags in 
Europe. The new Monsanto facility will be 
at Milton Keynes, anew development town 
-àn central England. The company explains 
that it was looking for a green-field site, 
hich Milton Keynes possesses in 
bundance, and that Britain was chosen 
om a short-list of eight European 
ountries. The British Government has 
ped with grant assistance, although the 
mount is not being made public. 

In declaring its intention to move 
towards 200-mm wafers, Monsanto seems 
to be making the point that it wants to keep 
two steps ahead of the competition: else- 















Sm Hermann Bondi, chairman of the 
Natural Environment Research Council 
(NERC), appeared before the Public Ac- 
counts Committee of the House of Com- 
mons on 14 May to give a doughty defence 
‘his council’s manpower planning. The 
jational Audit Office recently criticized 
esearch councils and the Department of 
‘Education and Science for apparent laxity 
‘in their planning controls (see Nature 309, 
104; 1984), and suggested that there had 
been an unexplained upward drift of salary 
< grades at councils including NERC. But, 
: according to Sir Hermann, the increase in 
-the number of senior posts was a planned 
- development and a completely appropriate 
. ‘outcome of the changing role of NERC. 

_. Sir Hermann said that over the past 
: 10-15 years the need for lower-grade 
NERC staff on foreign aid programmes 
-had decreased, as local inhabitants had 
been trained to take over their jobs. The 
_. Simple result was that the staff NERC re- 
tained were now in higher grades. He also 
asserted that NERC institutes such as the 














esearch were deliberately established with 
ung scientists who would climb up the 
dder of promotion. 

Sir He rmann also pointed out that scien- 





/ onsanto sets up in 


Institute for Marine Environmental | 





3r it ain s 
where, 150 mm is proving difficult: 
Monsanto boasts leadership in pradede | 





125-mm wafers in a peak-to-valley flatness | 
of less than 2 micrometres. But as modern | 


wafer-stepping semiconductor manufac- 
turing techniques become more wide- 


spread, edge-to-edge flatness will cease to | 
be a major constraint. Local slope and | 


crystal purity may become the limiting 
factors to cramming semiconductor 
devices onto wafers. 

Two trends are combining to make 
purity a problem. First, chips are becoming 


larger, so that there is a decreased chance | 


that each chip will be flawless. Second, 
channel widths are now moving down to 
the order of micrometres so even very small 
local deformities in crystal structure can 


disrupt a device. Implanted ions tend to | 


spread from their original deposition sites 
during the manufacturing process, for 
which allowance has to be made in the 


design. The extent of the spread is deter- | 


mined by the structure and purity of the 
original lightly-doped crystal, and this is 
where the thrust of the research effort is 
likely to be. Initially, Monsanto will import 
wafers from the United States for cleaning 
and polishing in Britain, but will later 
embark on crystal manufacture, hoping 
eventually to supply 50 per cent of the 
British silicon market. Tim Beardsley 


Research councils defend manning 


were formerly made manually are now 
made by computer. This also led to a smaller 
requirement for lower-grade support staff. 

He went on in stirring style to turn the 
tables on MPs who had been led to doubt 
whether the research councils were dis- 
charging their manpower planning duties 
effectively. The main charge of the Na- 


tional Audit Office was that the research | 


councils had not been keeping their staff 
grades in line with those in the civil service. 
The Public Accounts Committee was par- 
ticularly worried about ‘‘fluid grading’’ of 
science research posts. Sir Hermann’s in- 
genious reply was that manpower planning 
in NERC is better than that in the civil ser- 
vice. The in-house system of visiting 
groups, promotion boards and annual 
reviews was all that could be desired. 

The committee’s next witness, Dr Ralph 
Riley, secretary of the Agricultural and 
Food Research Council, said that the con- 
trols on manpower in his council were 


similar to those at NERC, so much the | 
Same arguments applied. , 
The committee appeared well pleased 


with these answers. But research councils 
have not escaped completely unscathed. 
Mr David Hancock, permanent secretary at 
the Department of Education and Science, 


used the occasion to announce a “thorough | dozens 
Tim Beardsley |. million 


review” of fluid grading. 




















Washington Aa 
THE downturn in “high-technale 
prices is hampering efforts by biotec 
nology companies to raise researc! and 
development funds through other routes as 
well. Last week, Biogen revealed thatit has 
raised only $25 million of the $40 million it 
had been counting on for a research and 
development partnership to finance the 
company’s commercial development of 
gamma-interferon and interleukin-2. In 
recent weeks, other biotechnology research 
and development partnerships have met ` 
with a similar reception from investors. = 
Hybritech was able to raise only half of the 
$80 million it was aiming for; anc 
Centecor, which had hoped to ra 
$10-$15 million, now says it will be hap 
with $5 million. 
Research and development partnerski 
are attractive to companies because 
can provide stable support for long-ter 
research and because they are a source i 
capital which does not dilute the e 
holding of existing shareholders. Pri f 
investors obtain immediate tax benef 
and later receive a share of the royalties 
from any inventions arising from the 
research. The partnerships are especially 
useful to emerging industries such as bio- 
technology which do not yet have products 
on the market and thus do not have a 
reliable source of revenue. They also give 
the companies far greater freedom than 
they would have if they entered into agree- 
ments with a single corporate research 
sponsor. ee 
In the Biogen offering, the compan! 
ended up putting $35 million of its ow 
money into the research and developmen 
partnership, considerably more than th 
$20 million it had planned. 7 
The lack of enthusiasm for the partner: 
ships reflects several developments. Bio- 
technology stocks have not been doing well 
on the market lately. What is more, several __ 
limited research and development partner- - 
ships in the computer field have recently __ 
received unfavourable attention for their 
failure to produce commercial products, 
which has tended to give all high- 
technology ventures a bad name. The most. 
prominent case was that of Storage Tech- 
nology, which raised close to $100 million 
for a research and development partner- 
ship that was to produce a mainframe com- 
puter to compete with that of IBM.  _~ 
Nelson Schneider of E.F. Hutton. says 





















































































the fading autumn colours and 
falling leaves of the spaced-out campus of 
he Australian National University. For 
five days from 14 May, the congress gen- 
erated wide coverage of popular items in 
the press and on radio. Yet the congress 
lacked the focus promised by the stated 
theme of ‘‘Horizons of Science’’. The con- 
gress was woolly at the edges and soft at the 
centre. 
-- For decades, the peripatetic congress has 
struggled to resolve the inherent tension of 
roviding both parallel specialist meetings 
and cross- disciplinary exchange. Other 
onflicts surfaced again, notably the con- 
‘usion about objectives. Is ANZAAS pri- 
marily seeking to communicate the latest 
ults, ideas and challenges in science to 
ẹ wider public and, incidentally, to per- 
ade politicians of the importance and 
elevance of science? Or is the event princi- 
ally for academic discourse? At 
berra, neither promise was fulfilled. 
Among the 1,600 delegates — a big drop 
um earlier meetings but still the largest 
eting on the Australian academic calen- 
lar — were relatively few who had come to 
isten and to discuss. With more than 1,000 
apers being delivered, the speakers out- 
ered others. Peopl e from outside the 
ademic or research i pheres were notably 
To reach the public at large, or even 
s such as schoolteachers and 
ts, ANZAAS relies entirely on 























































ne trend away. from sı science and tech- 
ology towards the social sciences and 
fumanities continued. Of the 33 special- 
zed sections, only 15 were devoted to the 
iences and technologies, and some were 
ifully weak. 

The ‘‘Horizons of Science’ theme, only 
y reflected in the congress programme, 
most totally ignored by individual 
kers. Thus a showcase for the current 
tate of Australian science was left empty. 
gut some of the congress-wide symposia 
roduced fruitful discourse, tackling issues 
f current concern in Australia which as 
xotic diseases, science and political 
ecisions, technology strategy and nuclear 
arms. The last, with Petra Kelly and retired 
jeneral Gert Bastian, parliamentary 
members of the West German Green Party 
Visiting attractions, was the best 
ended, reflecting the growth of the peace 
10vement in Australia. 

“This symposium even produced a 
ctive statement by a working group on 
effects of the British nuclear tests 























































row between the 







Australian and Br 
the rallying point for anti-nuclear protests 
in Australia. The ANZAAS group called 
on the Australian Government to conduct 
a comprehensive interdisciplinary study of 
the effects of the British tests, saying that a 
committee formed by the Department of 
Resources and Energy is inadequate. 

ANZAAS was not entirely at odds with 
the federal government, however. Pro- 
fessor Sir Gustav (‘‘Gus’’) Nossal, this 
year’s president, gave one of the most 
glowing tributes to a politician by a scien- 
tist in recent times. An immunologist and 
director of the Walter and Eliza Hall 
Institute for Medical Research in 
Melbourne, he solidly backed the dis- 
cussion draft released in April by Mr Barry 
Jones, Minister for Science and 
Technology (see Nature 3 May, p.6). 

The draft, he said, was “the most 
significant and courageous document to 
come out of Canberra on any topic in the 
past decade”. The ANZAAS president 
went on to urge that the minimum realistic 
incentive for industry to increase its com- 
mitment to research and development 


_ would be a tax credit of 150 per cent. 


Sir Gustav saw “‘the most significant, 
marvellous and stunning element” in the 
technology strategy draft as being the pro- 
posals for achieving 50 per cent completion 
of secondary school (from 36 per cent now) 
and 20 per cent of tertiary education (a 
doubling of the present figure) by 1995. 
While critical of the emphasis on the 
quantity of education and of the view that 
the draft was ‘‘singularly silent on 
quality’’, Nossal hs put his reputation on 
the line as an influential backer of Jones. 

Not everybody in Canberra approved. 
Professor Gordon Reid, until recently at 
the University of Western Australia and 
soon to be governor of the state, said Sir 


Gustav’s statement was not based on scien- | 


tific inquiry and accused him of ‘‘exer- 
cising hyperbole in his role as president’’. 

Professor Reid said Sir Gustav’s state- 
ment was an example of the ambivalence of 
Australian science. In one breath, he said, 
scientists plead for freedom from govern- 
ment direction, and in the next for more 
financial support. 

Nossal is unrepentant. ‘‘A tremendous 
challenge is faced by the Australian scien- 
tific community to explain ourselves 
better. .. and to promote a technological 
culture. We scientists should inform the 


public about what we are doing, about. 
what practical results can realistically be | 


expected, and about what longer-term 
dreams can legitimately be espoused.” 
Later, he complained of ‘‘the besetting 
sins of Australian scientific academics of 
treating PhD students as clones of them- 


hese | selves and of shunning applied orientations 







: for their research”. He asked university | 





j : administrators to treat their rel: 
the media and the public ‘‘serio 


h Governments and | 

























a sacred duty’’. = 
By defining its role in terms of a 
tating communications among scie 
and between scientists and the ‘publi 
ANZAAS might be expected to take a lead 
in solving the problems posed by its current 
president. In reality, ANZAAS has little t 
offer between congresses as its central 
organization is weak and strapped for cash 
(it receives no government support and has 
fewer than 3,000 subscribing members). 
However, bold plans for change were : 
announced by the organiizers of the next 
congress, to be held in Melbourne ino __ 
August 1985. They will virtually abandon | 
the specialized sections and, through a _ 
broad grouping of interests under seven © 
headings, will redirect their offerings. to 
young people and the general publie (both: 
of which groups were noticeably. absen 
from the Canberra congress). whil 
attracting scientists to interdisciplinar 
sessions which will explore the currer 
“state of the art’’ and identify promisin 
new directions. Peter Pockle 


Nature banned (193 7) : 


As part of the continuing availability of | 
German documents of the 1930s, it has 
come to light that the National Socialist 
government issued a decree, circulated t 





























requiring that copies of Nee should iot 
be made generally available. Moreover, the 
decree required that its own existence 
should be secret. 

The text of the decree, dated 12 
November 1937, is as follows: 

Articles are often published in the 
London weekly scientific journal Nature 
containing outrageous and vile attacks on 
German science and the national socialist 
state. The journal must therefore be ex- 
cluded from general use in scientific. 
libraries. I request the university, 
academies, institutes and seminar libraries 
to carry out the appropriate steps. 
Regarding the sequestration and restricted. 
use of the journal I refer to my decrees of oe 
17 September 1934, 3 April 1935 and 16 - 
December 1936, UI 22733, W Ie 828 and W 
la 2305. 


The decree is signed by the Imperial and 
Prussian Minister for Science, Education 
and Development and no doubt refers to 
the continuous stream of hostile comment 
appearing in Nature in the mid-1930s, __ 
much of it centring around the work of the | 
Academic Assistance Council formed in — 
1933 to help German academics to find 
posts overseas. Thus in July 1937, Nature. 


(140, 169; 1937) referred to the dismissal of © 


German Jewish academics as the “German | 
disaster” and remarked that it was ‘sired : 





























SIR — While your comprehensive reports 
on science in India in the issue of 12 April 
‘are true and appropriate, I should like to 
‘stress some of the basic problems behind 
the prevailing confusion afflicting the 
: Indian science scene. 

Modern scientific education and 
research struck roots in India during the 
_ early twentieth century and rapidly grew 
after independence. The first scientists 
who were patronized by the government 
-had their own individualistic ideas on 
< developing science in India, for which most 
_ of the equipment had to be imported. Soon 
after independence, India suffered a 
shortage of foreign exchange, which 
hindered the import of adequate support 
. materials, but the number of scientific 
institutions nevertheless continued to 
increase. This odd situation led to a lower- 
ing of the standards of scientific activity. 
However, many students could imbibe 
bookish knowledge and some of them 
could easily migrate to other countries 
where opportunities for work were 
abundant. Thus, Indian scientists are 
thriving both at home and abroad, but 
occasional soul-searching goes on and 
comparisons between home-based and 
expatriate Indians are sometimes not well 
chosen. 
~ Kt requires a great deal of patience and 
-faith to work in Indian conditions, in which 
even essential items are perpetually scarce. 
Time and efficiency are of relatively little 
. importance in our country and hero 
worship, blind or forced, is part of life. 
Unfortunately, modern technologies need 
jess hero worship and more efficient 
practice. However, our policy-makers 
(heroes) are not deterred from buying or 
_ borrowing any latest technology, and 
_camp-followers are easily found among 
our vast multitudes. Thus, India con- 
‘stitutes a country of tremendous contrasts 
wherein basic facilities such as power 
< supply, telephone and other communi- 
~~ cations services are woefully inadequate on 
the one hand, while on the other, huge 
installations for research in space and bio- 
technology are being planned without the 
< least hesitation. Just as the highly rich and 
the abjectly poor exist side by side, so also 
< do high and low technologies. After all, 
ancient emperors built great monuments 
~ like the Taj Mahal, probably employing a 
-starving labour force, and as if to keep up 
that tradition, our science administrators 
in the past few decades have also been able 
to build a few glamorous edifices in the 
sty of excellence. fee 





































































































however, one non-trivial item was left ou 
“In August of 1983, we presented aj 
summary of our research on periodic. 


India! | 

Tata Institute of 
Fundamental Research, 

Bombay 400005, India 


No thanks to... 


SIR — So you think that the Royal Society 
‘thas broken new and dangerous ground”’ 
in the acknowledgements by authors of 
papers published in the society’s journals 
(Nature 26 April, p.762). What is so new? 
And why so dangerous? 

The practice of acknowledging help 
from others goes back a long way, even in 
this society’s history, so it is certainly not 
new. If authors are now a little more gen- 
erous and a little less formal than in the 
past, why is that so dangerous? The law of 
libel should remind editors not to allow to 
be printed the sort of remarks that you fear 
could be dangerous. 

A paper in Phil. Trans. (1883) concludes 
“My best thanks are due to Professor 
Lankester for some excellent specimens of 
Paragorgia, Villogorgia and Briareus, and 
I am also deeply indebted to Professor 
Mosely who freely placed his numerous 
preparations at my disposal and whose 
constant aid and advice have been of in- 
valuable assistance to me.” The acknow- 
ledgements from Proc. R. Soc. (1984) that 
you quote are in a long and honourable 
tradition. 





R.W.J. KEAY 
Executive Secretary, 
The Royal Society, 
6 Carlton House Terrace, 
London SWIY SAG, UK 


@ Lankester’s organisms are Alcanarians 
(sea anemones). The more recent acknow- 
ledgement that seemed to break new 
ground read ‘‘This research was not sup- 
ported by any military organization’. — 
Editor, Nature E 


Publishing chronology 


SiR — We read with interest the piece by 
John Maddox under the title ‘‘Extinctions 
by catastrophe?” (Nature 19 April, p.685). 
The complex of problems produced by the 
distribution of preprints and by pre- 
publication press coverage is certainly 
something we should all ponder. It is clear 
that the system is sometimes beneficial and 
sometimes not and that there are no me 
answers. 

In: condensing a complex chronolog 





extinction at a widely attended meeting on 
the “Dynamics of Extinction”, held in 
Flagstaff, Arizona. The oral presentation 


was accompanied by a printed abstract as | 


g in : 
Ea RADHAKRISHNAMURTY : 


| treatment of our extinction 
5 mostly from these accounts th 
| astrophysicists and geologists 








_ young in a front-opening pouch might be 















work, and this led to many reques 
more information and for preprints. We 
were unable to send preprints until early 
October when the manuscript was com- 
plete and ready for submission to Proceed- 
ings of the National Academy of Sciences. 
In view of the foregoing, we donot think 
that the situation leading to the publication —__ 
of the five papers on extinction in the 19. 
April issue of Nature fits the classic des- 
cription of scientific communication-by-. _ 
preprint. Notice of the research results. 
(including the Flagstaff abstract) was avail- 
able to all readers of Science and Scienc 
News and to all participants at the Flagsta 
meeting. Preprints were sent out only late 
and then were largely limited to the 
requesting them. Of course, no piepe n 
were released to the press. 
We hope that the publication of t 
letter will clear up any confusion over: 
curious incident. DAVID M. RAUP . 
| J. JOHN SEPKOSKI 
Department of Geophysical Sciences, 
University of Chicago, 
Chicago, Illinois 60637, USA 




































- e ray 
Directional pouches | 
Sir — I was fascinated by the photographs 
of a gaping thylacine (‘‘Tasmanian 
tiger”) in the series from Jon Darius’s 
Beyond Vision (Nature 307, 411; 1984). 
However, among the curious features of 
the thylacine, the rear-opening pouch is by 
no means unique. According to Walker 
Mammals of the World (1964), - 
posteriorly opening pouch is typical of th 
bandicoot family Peramelida and, whe 


pouch is present, of the family Dasyuridat. 
The pouch also opens backwards in the = 
koala Phasolarctos, the wombat — 
Phascolomis and the marsupial mole _ 
Notoryctes. Pan 

I presume that in most of the quadru- 
pedal marsupials, as in the thylacine; _ 





‘to damage by undergrowth, or in the 
10le, from the pouch filling with soil. Onl 
in the ter: ence dova would a bac. 










ii part of the official programme for the- Uni 
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type phages New Tools 
row on a variety for Cloning O 


of host cells and Sequencing 
Pharmacia P-L Biochemicals 


- announces the newest additions to 
° 2 new cloning ts comprehensive line of products 


sites: Sph I an for M13 cloning and sequencing— 
ni Mli8mpi8 and M13mp19. Unlike 
Apn previously available M13 vectors 
which contain double amber 


e Compatible with all | mutations, Mi3mpi8 and Ml3mp19 
are wild type phages. This allows 


M13 primer S them to be propagated on E. coli 
JM2105 which lacks restriction and 


See our 1984 Product Reference modification systems, and does not 


Guide for information on our full contain the Pl lysogen which was 
line of M13 products' recently discovered in the amber 


suppressor strain JM103. 


This new generation of M13 vectors 
will be most appreciated by those 
investigators who are constructing 
cDNA libraries in M13 or inserting 
large (greater than | kb) DNA 
fragments which have not 
previously been cloned in an E. 
coli Kl2 host. It has sometimes 
been difficult to obtain full-length 
clones of large DNA fragments in 
the previous M13 vectors since the 
fragments could be degraded by 
the JM103 host. Use of the JM105 
host with Mi3mp18 and Ml3mpl9g 
eliminates this problem. As a 
service to the researcher, our 
Ml3mp18/Ml3mpl9 vector kit 
(product #27-1551-01) is supplied 
with a culture of JM105. 


For more information, contact your 
local Pharmacia Fine 
Chemicals/Pharmacia P-L 
Biochemicals representative or 
write to one of the addresses 
below. 
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firms to launch their new products. The MICRO exhibition gives 
thousands of microscope users the Opportunity to see the world’s 
largest selection of microscopes on display under one roof. This 
exhibition is free, and is not restricted to the scientific delegates 
attending the conference. | 

Please write to Sarah Lock at the Oxford address (given above) for 
your tickets, _ | 
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Tit were not for the prominent names that 
__ keep: popping up on his manifestos, people 
__ would probably ignore Jeremy Rifkin, the 
: self-styled social crusader who hopes to 
gave mankind from genetic engineering. 
Rifkin’s remarkable knack at canvassing 
for credibility is once again in evidence, in 
ase now before Judge John Sirica in 
shington, DC in which Rifkin is seeking 
yalt the first field trials of genetically- 
igineered bacteria. And it is hard to dis- 
miss one who can wave affidavits from 
y spected scientists who appear to support 
«this claims that serious unfathomed risks 
e lurking behind these unprecedented 
experiments. 
‘Combining frequent references to his 
gallery of the famous with a stream of 
ninently quotable apocalyptica, Rifkin 
as succeeded in conjuring an image of 
genuine controversy. The fact that 
scientific opinion runs virtually 
unanimously against him and that his 








vy again to be far fees than meets the eye 
oe about publi relations on com- 



























C) in Aari 198 ina aion fema 
able at the time only for its seeming total 
lack of controversy. Two University of 
California researchers, Steven Lindow and 
ikolas Panopoulos, were hoping to 
demonstrate the ability of genetically- 
red bacteria to protect field crops 
zainst frost damage. Under natural con- 
ditions, certain strains of wild bacteria that 
colonize the leaves excrete a protein that 
serves as a nucleation site for ice formation 
at a temperature slightly below freezing. If 
it were not for this protein, temperatures 
could drop as low as eight degrees Fahren- 
heit below freezing without frost actually 

ing. Lindow and Panopoulos believe 








| . A single gene is responsible for the 
SRE this an obvious candidate 


or | town on those days). The nuisance-to-sub- | said 
sta nce ratio of the lawsuit i is high > =» at best, dth 


i ir Jeremy Rifkin’s assault on genetic manipulation seems to be succeeding. The danger is that h will 


eered microbe outside the laboratory, it 
seemed to raise no real safety questions. 
The researchers had already performed 
identical experiments with chemically- 
mutated bacteria — experiments which, if 
anything, were more dangerous yet which 
did not require RAC’s approval as they did 
not involve recombinant DNA techniques. 
The field tests with the engineered bacteria 
were to be done at a single site, geo- 
graphically isolated from California’s 
citrus and fruit crops, and the bacteria were 
to be pre-screened in a greenhouse against 
any tendency to damage plants. After hear- 
ing the report of an outside consultant, 
Ann Vidaver, a plant pathologist at the 
University of Nebraska, and noting that 
the researchers had altered their experi- 
mental proposal in response to minor 
criticisms made earlier by RAC. RAC 
unanimously approved the experiments. 
The experiments were to begin in 
November 1983. On 14 September, Rifkin 
filed suit in US District Court, arguing that 
RAC’s approval was invalid because no 
environmental impact statement had been 
filed, a requirement for all federal actions 
having a ‘“‘significant’’ effect on the 
environment. Rifkin also threatened to file 
for a temporary injunction against the 
University of California to halt the field 
trials pending a ruling on his lawsuit. 
Lindow and Panopoulos postponed 
their experiments until this spring, by 
which time, they hoped, Sirica would have 
disposed of the matter. Last week, follow- 
ing Lindow’s declared intention to proceed 
with the experiment later this month, Sirica 
granted Rifkin a preliminary injunction, 


halting the experiments until he could hear 


the full case (see p. 296). 
Suing the government, of course, has 


become standard practice in the environ- | 


mental movement. Key environmental 
legislation of the 1970s granted citizens an 
explicit right to actions; other legislation 
allows those who sue the government in the 
public interest to collect attorneys’ fees if 
they win. This mechanism has proved a 
valuable remedy for foot-dragging by the 
government and has served to ensure that 


government agencies follow proper pros 


cedures. 


‘But suing the government i is also a great A 


attention-getter. In the present case, Rifkin 
has not taken advantage of repeated 
opportunities for public participation in 
RAC’s deliberations (saying he was out of 





- lack of proper procedures for. evaluati 





a final decision in Rifkin’s favour will 
require only that RAC go through the — 
formality of producing an Environmental — 
Impact Statement for deliberate release — 
experiments; after that, it can approve 
whatever experiments it wants without 
further judicial review. But a barrage of 
hyperbolic press releases accompany. the 
suit, calling RAC ‘‘grossly irresponsible 
and accusing it of ‘‘reckless disregard: 
the protection of the environment”. In 
interview, Rifkin said that the release 
genetically-engineered organisms to” 
environment may ‘‘deplete the life-suppo 
system of the planet’’. 2 


Scientists’ support 


Such statements, of course, make good 
copy. They also make scientists groan. But 
Rifkin’s ace is the collection of experts he 
has corralled. “You can dismiss me’’, he 
says when challenged about the soundnes 
of his more extreme comments, “but i 
very hard to dismiss Peter Raven”. 

Peter Raven, director of the Misso 
Botanical Garden, professor 
Washington University and member of th 
National Academy of Sciences, is probably 
the most prominent name on Rifkin’s list 
of scientific supporters. His affidavit, like 
the others, speaks mainly in generalities 
about the dangers of introducing new 
species into established ecosystems, and 
seems to betray an ignorance öf the details 
of the Lindow experiments. | 

Remarkably, Raven freely admits th t 
he had seen neither the detailed on 
mental proposals nor RAC’s 
before filing his affidavit. And he said 
“I’m not criticizing RAC at all. I haven’t 
even got a position more than to say we 
need visible discussion.’’ Asked why he did 
not use RAC’s public meeting or the nearly 
year-long opportunity to file comments 


with RAC, he said he had ‘‘no way of. — 
knowing”? how he could participate in- 


RAC’s deliberations. ‘‘Nor was | 
opinion sought.” Raven said the burden — 
must be on RAC to reassure the ecological 
community that adequate scrutiny was 
given to the proposal. 7 

Eugene Odum, an ecologist at the Univ 
sity of Georgia, also filed an affidavit. H 
said he was voicing his concern over. 


deliberate-release experiments, not th 
Lindow seer itself. “I I would doub 

























it ts. Maxine Singer, a researcher a at t the 
{ational Institutes of Health (NIH) who 
has been a strong voice for caution since 
1973, says that tactics such as Rifkin’s law- 
suit are unlikely to bring about a more 
thorough scrutiny of genetic engineering 
~- research. ‘“‘The evidence is there that RAC 
< asks difficult questions and is not about to 
give permission at the snap of their 
fingers”, she says. And everyone, from 
Jeremy Rifkin to the biotechnology 
industry, agrees that, although compliance 
with RAC’s decisions is technically 
- voluntary for private industry, no com- 
pany would dare proceed without RAC 
approval, since a company’s failure to 

abide by the guidelines and RAC’s 
decisions would be very damaging evidence 
of negligence if the company were sued for 
amages arising from an experiment. And 
Singer doubts whether the Environmental 
Protection Agency could command the 
political clout and scientific respect of RAC. 
David Baltimore of Massachusetts 
Institute of Technology speaks for many 
when he says that “‘there are aspects of the 
z dire ct-release experiments that raise prob- 
ems that RAC previously didn’t have to 
al with. But I don’t think it’s helpful to 
ake generalizations. You have to think 
: carefully about each case. You can’t do it 
-on the basis of what you hear from Jeremy 
Rifkin or what you read in the New York 
_Times.’’ And he warns of the dangers of a 
backlash against Rifkin’s tactics: ‘‘The 
continual opposition to recombinant DNA 
activities has made the scientist community 
leery of raising even those concerns they 
feel are legitimate, because they can so 
easily be taken advantage of. And that’s a 
terrible climate. But it’s the inevitable con- 
. sequence of politicization.” 


Endangered humanity 

“This lawsuit is not the first occasion that 
Rifkin has pulled credibility out of a hat. 
Last June, after canvassing religious 
leaders across the country, Rifkin pro- 
duced a petition calling for an 
‘immediate’? ban on engineering of the 
human germ line. Joining the call were 21 
Catholic bishops, leaders of most major 
protestant sects in the United States, 
Several Jewish leaders, the Moral 
--Majority’s Jerry Falwell and television 
< preacher Pat Robertson. A ‘‘theological 
ketter” accompanying the position pro- 
vided the apocalyptic rhetoric — calling 
-engineering of genetic traits “a funda- 
“mental threat to the preservation of the 
_ human species as we know it”. The letter 
claimed that “it will soon be possible to 
-carry out such procedures on humans, and 
a gued that even the elimination of 
‘defective genes — such as those responsible 
or sickle-cell anaemia — would 
angerously narrow the human gene pool 
and ~ might pad lead to. the ex- 

y ehan 








| nology”) and ie calling inca soca to 


oppose human genetic engineering ‘“‘with 


the same courage and conviction as we now - 


oppose the threat of nuclear extinction” 

Once again, there was less than met the 
eye. The religious leaders who appeared at 
Rifkin’s New York City press conference 
were careful to disavow the ‘‘theological’’ 
letter; they had signed only the much more 
moderately-worded petition. Subsequent 
interviews revealed that many of the 
signatories had minor or even major 
reservations about the petition as well. 
Some said they did not oppose treatment of 
disease, and had signed only to express 
their agreement with Rifkin’s warnings 
about the misuse of genetic engineering for 
eugenics. Many reaffirmed their support 
for somatic-cell gene therapy for the relief 
of human suffering and the treatment of 
disease. 

Once again, Rifkin may also have alien- 
ated those who might otherwise have been 
his natural allies. Alexander Capron, who 
directed the President’s Commission for 
the study of Ethical Problems in Bio- 
medical and Behavioral Research — 
which, until its demise last year, produced a 
series of carefully argued and widely 
praised studies of ethical issues in 
medicine, including genetic engineering — 
called the petition a ‘‘knuckleheaded, 
broadside’’ attack that swept aside a host 
of subtle ethical dilemmas in favour of 
polemics. 

John Fletcher, an Episcopal minister 
who, as assistant to the director of NIH for 
bioethics, has thought long and hard about 
these issues, was also irked by the petition. 
He wrote to Bishop John Allin, the pre- 
siding bishop of the Episcopal church in 
the United States and a signatory of the 
petition, criticizing its ‘‘apocalyptic’’ tone 
and its failure to take into account the 
“thinking that had already been done’’. 
Fletcher said he wishes the signatories had 
“asked for help to become informed on the 
body of debate that already existed. It is 
interesting that the President’s Commis- 
sion report [Splicing Life, produced at the 
request of the major religious 
organizations in the United States] had 
existed for a year, and many fof the 
petition’s signers] had not seen it.” 

Fletcher, significantly, is one of those 
who have urged caution in proceeding with 
germ-line alterations, arguing that society 
at present lacks the necessary ethical and 
moral system to deal with the consequences 
of man’s engineering his own heredity. 
“But I am in favour of keeping an open 
mind’’, he said. 

-= Others point out that ‘‘this is not some- 
thing that is happening suddenly’’, as Dr 
French Anderson, chief of the Laboratory 
of Molecular Hematology at NIH and a 
leading researcher on genetic blood dis- 
orders, put it. Anderson says although the 
genes necessary for treating some 20 


might otherwise support these prop 
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ethical questions n may have lit 
somatic versus germ-line alter 













mission report — whether the altera On 
reversible (should some unforeseen dang 
later arise), whether it is aimed. at ci 
recting recognized genetic disorder or rat - 

“‘perfecting’’ humans. oe 







































































Regulation oy tga 
In the United States, the regulatory _ 
mechanism is also already in place to assure 
that germ-line manipulation is not rushed) 
into without considerable deliberation. —_ 
Experiments on human subjects will have 
to be cleared bya local Institutional Revie 
Board charged with protecting human: 
jects; the board must include at least: 
non-scientist and at least one scientist n 
affiliated with the institution. Human gen 
therapy trials would also have to be clearex 
by a similar local panel, the Institutior 
Biosafety Committee, charged with over 
seeing recombinant DNA research. T 
full RAC would then have to give - 
approval and, before it could be appli 
routinely in clinical practice, the Food an 
Drug Administration would have ~ 
approve its safety and effectiveness. 
The case of Martin Cline, a researcher at- 
the University of California, Los Angeles, 
who performed unauthorized (and unsuc- 
cessful) gene therapy experiments on two- 
patients suffering from beta-thalassaemia,_ 
a fatal genetic blood disorder, was ample. 
proof that these regulations are not merely- 
cosmetic. When Cline’s experiments. 
became known he was stripped of federal. 
research grants and found his research 
career effectively ruined. | 
Just as with his lawsuit, the net result oi 
Rifkin’s petition may have been polar. 
ization — and a backlash against sensible 
proposals. Congress, for example, 
seriously contemplating the establishment 
of an advisory body, along the lines of the 
President’s Commission, to monitor 
developments in human genetic engineer- = 
ing. The concept, championed bye 
Representative Albert Gore, is strongly 
backed by the President’s Commission. 
itself, Capron, Fletcher and many others... 
concerned about the ethical and religious = 
implications of genetic engineering. | 
RAC, the other logical body to exercise 
oversight on human genetic engineering, © __ 
has also recently proposed expanding its __ 
membership beyond researchers and =o 
physicians to include ethicists. es 
But, as Capron says, there is a dange 
that those in research and industry y 
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may come to see them as “part o 
Rifkin attack”. The danger is that the 
concerns that Rifkin claims to repr 
may be swel ; aside, Teoloog il 


ic | inherited disorders have been isolated, “we. l- camp: = 


— a model for the outbreak of we 


t Alvin. M. eee 


H e chaos as formulated for physical dynamic systems is applied to a very simple nonlinear model: 
of the arms race. The transition, from stability to instability, from arms race to war, could be 
analogous to the transition from a laminar to a turbulent (or chaotic) flow. 


_ SIMPLE mathematical models of the arms 
_ race have aroused interest among academic 
physicists'. Two common models are the 
dynamic model of Richardson? and the 
static inequality model of Kaye*. Both are 
sterministic: given the model and its 
parameters, a reasonable estimate of 
present conditions allows prediction of the 
ture outcome of the arms race. Here | 
‘fer the beginnings of another model 
ised on recent advances in the under- 
standing of chaotic motions of dynamical 
“ystems®’. I suggest that war be viewed as a 
akdown in predictability: a situation 
“which small perturbations of initial 
-onditions, such as malfunctions of early- 
arning radar systems or irrational acts of 
ndividuals disobeying orders, lead to large 
inforeseen changes in the solutions to the 
namical equations of the model. There is 
10 way then to predict the effect of the 

tions of any participant — analyst, 
jlanner, statesman or general — with any 
rtainty. Certainly war, between roughly 
alent parties, has often been charac- 

d by uncertainty in outcome’; nations 

start wars in great confidence very 

end defeated’. Typically, in the 
od immediately before the outbreak of 

ar the nations attempt desperately to 

aw back as they slide over the precipice, 
ithough they by this time already have lost 
Ontrol of their own destinies!®: control 

‘and predictability are lost. 
<3 There is a current view that entrance into 
yar, and the war itself are deterministic — 
calation, up or down, nuclear or 
herwise, can be controlled!!!2. But most 
torical evidence and contemporary 
alysis indicates otherwise: predictability 
nd control are lost at the threshold 
etween peace and war'?, just as they are 
lost when a fluid makes the transition from 
laminar to turbulent flow. 

> Here I sketch the meaning and 
development of chaos in nonlinear 
dynamical systems and apply these 
concepts to a simple nonlinear arms race 
etween two nations. Both the model and 
illustrative parameters are admittedly 
simple and do not as yet apply to the 

sal world, but I hope that the concept of 
os’, as used herein has a bearing on the 
‘sent world situation. I believe that non- 
ar dynamical models, 


bility. for both Predictable nd non- 


with their 


arms race. 

Deterministic models patterned after 
those used successfully in physics have pre- 
viously been applied to the description of 
competition in economics and biology‘. 
Because these models may also have a signi- 
ficant nonlinear component, it follows that 
‘chaos’ may also result from these compe- 
titions; some examples have been reviewed 
by May’. 

Richardson's model for the arms race 
between two competing states consists of a 
pair of coupled first-order linear differ- 
ential equations. The independent variable 
is time and the dependent variables are 
measures of the devotion of the two 
societies to hostilities — expenditure on 
arms, percentage of population in the 
military, and so on. The coupling terms, 
the off-diagonal elements of the matrix 
of the system of differential equations, 
represent the reaction of each nation to the 
challenge of the other: thus the rate of 
change of the armaments of nation A is 
assumed proportional to the total 
armaments of nation B and vice versa. The 
diagonal terms of the system represent the 
intrinsic reaction of each nation to its own 
armaments; for example, a large military 
establishment might successfully press for 
further increases in military expenditure, 
or the rest of society resist increases in the 
share of resources going to the military. 

The solutions of such a model system are 
simple linear combinations of exponentials 
in time. The exponents are determined by 
the model parameters whereas the coef- 
ficients of the linear combinations are 
uniquely determined by the initial 
conditions. Small changes in the initial 
conditions imply small changes in the coef- 
ficients, so that two solutions which start 
very close together will always remain 
comparatively close together. This is the 
sense in which the behaviour over time 
of a dynamical system is predictable. 
Knowledge of initial conditions is always 
uncertain, which means that a set of orbits, 
or a ‘flow’, is allowed by any practical 
model. Since all orbits in the Richardson 
model flow remain close to each other, 
practical predictions remain possible. 

If the model parameters are such that the 
exponents are negative, the solutions damp 
down to an equilibrium value no matter 
how starting conditions are chosen. Such a 
case is ‘stable’. If the model parameters 


-imply positive exponents, the flow departs | di 
exponentially from any starting conditions | in 


and the armaments of both parties increase- 
exponentially. This situation is ‘unstable’ 
and may imply war or the certainty of- 
eventual war. ee 
A peacemaker in Richardson’s model ` 
must alter the parameters of the compe- 
tition so that only negative exponents are - 
possible. If he accomplishes that, he can 
successfully predict peace (or at least inven- 
tories of the tools of war which do not 
grow) no matter what the starting config- 
urations are. Conversely, if the parameters 
of the model lead to instability, the gener 
can know what to expect, given reas 
intelligence of the starting configuratior 
The Richardson model is dynamic, 
relating changes in the configuration toa - 
present configuration, and stability or- 
instability to the kinds of change possible. _ 
By comparison, the Kaye model of bilateral | 
strategic deterrence4- is static, dealing with . 
the two parties’ perceptions of their situ- - 
ation. The variables are the numbers of 
nuclear warheads each is capable of firing. 
at the other, the model parameters are the 
dependability, accuracy and destructive 
capabilities of these warheads. There is no 
time parameter or variable. ie 
Given one set of inequalities between the 
variables, one side can punish the other 
without undue loss. That side is, therefore, 
secure and can afford to relax; the other 
side perceives no such security. Given 
another range of inequalities between the. 
same variables, both sides are assured tha 
they can inflict unacceptable damage upo: 
their opponents even after suffering th 
worst first-strike devastation their oppo 
nent is capable of delivering; both: sides. 
perceive ‘mutually assured destruction’ so — 
have no incentive either to launch a first | 
strike or radically to change their present 
state of armament. This represents 


‘stability’ or ‘stable deterrence’ inthe Kaye. 
model. Finally, the range of inequalities re- 


maining includes the situation where each 
side can destroy the other so that the side 


that strikes first can prevent its victim from 
retaliating: each side has an incentive to. 


strike first or radically to increase- 
armaments. The situation is unstable. or i i 
said to represent ‘unstable deterrence’. 
The Kaye model is described. Da 
Cartesian plot in which the two orthogaital ‘ 
axes represent the number of warheads or ` 
launch vehicles ae to ioe of the two 
















region designated DA, A is dominant; it 
can punish B with a successful disarming 
first strike without fear of severe loss to 
itself. Similarly B is dominant in region 
DB. Region MAD is the stable region of 
mutually assured destruction whereas FS is 
the unstable deterrence region in which 
“each side has the incentive to strike first. 
The remaining region, IN, represents that 
in which neither side has sufficient 
_ warheads to do conclusive damage to the 
other, Thus there are stable and nonstable 
=< areas which, topologically are simply con- 
nected and have simple boundary curves. 
Except for the boundary curves them- 
selves, nearby points in the plot belong to 
the same region. Thus small uncertainties 
about the actual numbers need not lead to 
hanges in the perception of stability or 
instability. In this sense, the static model 
also permits practical predictions. 
: In physics, we are accustomed to assum- 
ing predictability based on Newton’s equa- 
tions of motion. Given the forces, specific 
initial conditions lead to specific well- 
defined orbits in an appropriate phase or 
coordinate space. Similar concepts lead to 
the nonlinear equations of fluid dynamics. 
Since actual fluid motions exhibit both 
laminar and turbulent flows, we must ac- 
cept that the solutions of the equations of 
fluid dynamics may represent either 
_ laminar or turbulent character and that the 
nature of the flow changes from laminar to 
< turbulent as some parameter or combina- 
tion of parameters increases through some 
critical value’. 
© Laminar flow implies predictable 
~ behaviour: streamlines which start off near 
«to each other remain near to each other. 
_ Knowledge of the motion at one point in 
the flow at one point in time implies 
knowledge of the motion at neighbouring 
points in space and time. Turbulence, by 
contrast, is chaotic: knowledge of the mo- 
tion at one location at one time says 
nothing about the motion at nearby points 
at the same time or at the same point at later 
times: prediction is fundamentally im- 
possible. Hence the same mathematical 
model (the same set of equations) allows 
predictable behaviour in some regions of a 
model parameter, and unpredictable 
- behaviour in others. This breakdown of 
< predictability in certain systems seems a 
-= good characterization of war in those 
systems. 
_ Civil life presupposes a major compo- 
“nent of predictability. The formulation 
and carrying out of policy requires a 
reasonable ability to predict the future 
given some knowledge of the present. The 
‘requirement for predictability holds 
“the relationships between nations, 
“whether they are engaged i in normal inter- 
-national competition or in a hostile arms 
3 race. But the euistory of nations is. full ofex- 














“Aber fe the opposing aide: B. In the | chu 








regions ; of on and transitions pa 
such regions. 

As a simple model of the transition from 
predictability to unpredictability consider 
the flow represented by the sequence of 
mappings®: 


Xni = 4bx,(1-x,) = F,(x,) (1) | 


whereO<x,< 1,4 =0,1,2...and0<b< 
1. A specific orbit is the succession of 
values Xo, X;, X> starting from a 
specific value of x. A flow consists of a set 
of orbits, starting from a set of neighbour- 
ing values of x,. The flow is predictable if 
its constituent orbits remain near each 
other; it is unpredictable (chaotic) if they 
drift apart exponentially: if, given any x 
and x, , the difference between x, and x, 
diverges exponentially as n œ, No matter 
how small the subinterval ¢ is from which a 
chaotic flow starts, it soon fills the entire 
interval (0,1); no matter how accurately the 
starting value x, is measured if the motion 
is chaotic knowledge of the position of x, is 
soon lost — it is distributed with equal pro- 
bability throughout the allowed region 
(0,1). Prediction is impossible for a chaotic 
flow: the flow determined by (1) above 
changes from predictable to unpredictable 
as b increases through the critical value b, 
= 0.892. 

Let x* be a fixed point of a flow, F, 
defined by the equation 

XS Fi) (2) 
Then x* is a stable fixed point if 


F œ) = |B Fe =] <I (3) 


If x* is a stable fixed point, it is easy to see® 
that all orbits, no matter where started, 
tend to x* as n->co. Thus given such an x*, 
perfect prediction is possible: wait long 
enough and any flow converges to x*. It is 
easy to show that x,* = 0 is the only stable 
fixed point of F, for b< 4. For 4 < b< 3⁄4, 
the only such point isx,* = 1-(4by)'!. And 
for b> b, = 34, there is no stable fixed 
point of F(x). 

Consider now the mapping F, (x) = 
F,,(F,(x)) and its fixed points x,**. If x,** 
is not a fixed point of F,, it follows that 

F,(x,**) = Xand F(x) = x,** 
where ¥ does not equal x,**, (note that x is 
also a fixed point of F,). Thus x, ,, = Xp, 
Xnap Æ X,,1fxX, = x,**. It follows that the 
flow F, oscillates back and forth 
periodically between pairs of stable fixed 
points of F,, if these exist while those of 
F, do not. Such a situation occurs for 4 = 
b,< b< b, = 0.862... Again, prediction 
is possible, though more complex. 

For b> b,, the fixed points of F, are no 
longer stable, so that it is no longer possible 


to say that the flow converges to a periodic. 
oscillation between two points. But there is — 


now an interval b,< b< b, for which the fix- 
ed points of F,% 00) = F; (F,® (0) are 
stable. The flow now converges to a 


e | periodic oscillation between four points.. 
ion} Prediction is still pose no even | 


_ in the Richardson model.) The dependen 
variables x,, y, represent the fracti 
‘of the two nations’ resources ediyo d 
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Fig. 1 A strategic balance diagram (Kaye plot) showing 
regions of stability and instability. 


Fig.2 A curve representing Jala, b} = 0 (see text), taken. 
to be a reasonable approximation to the critical curve 
J-{a,b) = O separating the region of predictability fro 
that of chaos. Data courtesy of Larry Dishman, Wayne 
State University. : 


more complicated. As b increases further, 
the fixed points of F, become unstable, 
the four-point periodic motion disappears. 
and the flow now converges to an eight- 
point cycle, which then becomes a 16-poin 
cycle and so on. 

There is thus a sequence of periodic. 
oscillations of ever-increasing complexit 
corresponding to a sequence of transitio 
values b, with an accumulation point at. 
= 0.892. . . Beyond this value lies chaos: 
orbits do not have definite end points, in- 
itially neighbouring orbits diverge = 
exponentially, any flow soon fills the entire 
interval and prediction is impossible. In 
this simple model, b$, corresponds to the > 
critical Reynold’s number which governs = 
the transition to fully turbulent fluid flow. — 

A bilateral arms race between two. _ 
competing countries X and Y is assumed to.. 
occur in stages designated by an integer 





indicator n; successive values of n may 


indicate successive years, successive budget _ 
cycles and the like. (Thus ” is a discrete 
version of the independent variable, time 


























ut the perceived threat also depends 
ipon how much of the opponent’s 
‘resources remain potentially convertible to 
armaments at a future stage. If all of the 
: ‘opponent’s substance is devoted to arms, 
there is no need to be concerned about a 
future increase in threat (assuming fixed 
total resources). Hence I also assume x, , , 
~ tobe proportional to 1 - y, and conversely. 

















the pair of sequences of mappings: 

aN, Xn et oe 4ay,{l -Yp) Te Fn) (4) 
Dna = = 46x, (1-x,) = Fa Xn) (5) 
whichO< a, b < i. If the values of a and b 
re such that the flows are predictable the 
ace will be said to be stable. Each party will 
now what the future portends and can 
p plan accordingly. If the parameters 
-= woduct a chaotic flow, the race is unstable 
-nd neither can know what the future will 




















- Analysis of the model with two para- 
meters and two variables represented by 
equations (4) and (5) is similar to that of 
equation (1). Fixed points are character- 
istic of the mapping of a variable onto 
jtself. Thus in this case the appropriate 
‘sequences of mappings are not F, and F, 
ut, instead, 
Fp = F,(F,(x)) and 

Fpa) = FaF O) 

ced points of these sequences imply 
5 = x, and y,,, = y, and are again 
ble if the absolute magnitude of the 
rivative is less than unity. It is easy to 
that, for each fixed point x,* of F,, 

th ere isa ene fixed point y* ‘of 
bas With y* = F,(x;*) and x,* = F,(0y,*). 
ther. if one of the pair of fixed points is 
stable, then so is the other since the two 
‘slopes are equal. A similar relationship 
onnects the fixed points of F,,@> = 
oF) and F,,2 = Fy (Fyq), and so on. 
ence, there cannot be predictability in 
e of the variables and unpredictability in 
he other. Both parties to the arms race will 
| at war or at peace simultaneously, which 
corresponds with commonsense. 

= Again, as the values of a and b are 
‘changed, there is a sequence of flows in 
which first the fixed points of F, and F,, 
are stable; then these fixed points become 
unstable while those of F,,@ and Fp” 
‘remain stable; these then become unstable 
vhile the fixed points of Fp® = Fp” 
rp) and F,,% = F,,@ (F,,%) remain 
ble, and so on. Instead of a sequence of 
insition points b, and a critical 
accumulation point b,, as above, there is 
now a sequence of transition curves /,(a,b) 
0 (symmetric in a and b) and a critical 
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-My simple arms race model thus consists of 







cumulation curve f, (a,b) = 0 beyond | 







0.0552 
0.0781 


been estimated graphically. Plots were 
made, for a sequence of values of a and b, 
of Fy 0), Fp), Fap Ol). Intersections 
with the straight line F(x) = x were 
determined and the slopes F,,,, Fpp O, F,,, 
were measured by eye. A transition was 
judged to have occurred when the absolute 
magnitude of one of the slopes exceeded 
unity, Given the crudeness of these 
measurements, the critical accumulation 
curve is assumed to be indistinguishable 
from the curve f,(a@,b) = 0 which 
determines the transition of F,, from 
stability to instability and which is sketched 
in Fig.2. Chaos, and hence war, occurs for 
those values of the model parameters a, b 
lying above and to the right of the curve. 

It is tempting to apply this model to 
previous and present arms races even 
though the data are difficult to obtain and 
the model is over-simple. Some data are 
available for the period immmediately 
preceding the Second World War'!?, 
although the figures are questionable. 
Nevertheless, it is possible to assign values 
for the ratio of national military 
expenditure'® to gross national product 
(GNP)" (Table 1). 

The values in Table 1 are x,, Yo, x,, and 
y, (subscripts 0 and 1 designate the earlier 
and later of the two years used) to be 
substituted into equations (4) and (5) to 
obtain parameters a and b for pairs of 
competing countries in the European arms 
race during the 1930s (Table 2). 
























Table 2 The parameters a and b 
ae Sp ge a gg eo eee eS ees ee 









France-Germany (1934-35) 0.712 0.116 
France-lItaly (1936-37) 0.214 0.472 
UK~—Germany (1934-35) 0.582 0.158 
UK-Italy (1934-35) 0.142 0.582 
USSR-Germany (1934-35) 1.34 0.0657 
USSR-Italy (1936-37) 0.819 0.125 











in the chaotic region, and the French- 
German and Italian-Soviet races were 
clearly close to the transition region. We all 
know that the Second World War broke 
out shortly thereafter, but it is difficult to 
give much credibility to this post hoc 
calculation because the model is purely 
bilateral. 

Turning to the present-day arms race 
between the United States and the Soviet 
Union, I assume for the sake of illustration 
that 7 per cent of the US GNP is devoted to 
military and associated expenses, so that 
x, = 0.07. Assuming that Soviet armament 
expenditure i is comparable with that of the 















roughly half that of the United States, it 
followsthaty, 0.14. Given the crudeness 
of the numbers and the model, it is 
reasonable toassumex, = Xp, Yi = 
hich it follows | that a a x 





) Thus the Soviet- 


| realistic model may require more than one. 


Thus the German-—Soviet arms race was | 


United States and that Soviet GNP is- 


Yo from | Studies, 
0:15, b = 0.54, | Michis 







present lies within the stability £ rang 
Fig.2. Instability develops when b (or . 
approaches unity; this would occur if Nl? 
increased from two to between three an 
four. Given the crudeness of the model ¿ 
choice of parameters, no comfort can b 
drawn from this last statement. A more 
























dependent variable for each side. With 
such additional variables the threshold to : 
chaos may be lower. 

The crude model presented hered is nota a 
credible representation of world affairs. At 
the very least, it should be expanded to 
include the equivalent of Richardson’s — 
diagonal terms: the direct affect of xX, upon a 

Xaa of y, upon y,,,. Also required i isa 
careful determination of the model 
parameters, the a and b of the off-diagonal. 
terms as well as corresponding coefficients 
for the diagonal terms!*®.!?, This latter task 
would require the accumulation of data fo 
arms expenditures and GNP over. 
sequence of several years, a task mad 
difficult by the lack of Soviet dat 
comparable in definition and quality with 
the generally available US data?! There 
is also the problem of the definition of 
military expenditure in today’s high tech- 
nology world. 

Thus any realistic model of a two-party | 
arms race will most probably include — 
nonlinear terms as a result of which there 
may be a transition from a predictive state | 
of affairs to chaos. The creation and 
analysis of such chaos-predicting models 
and the practical applications of the 
insights they provide can contribute to 
avoidance of such chaos in real life. R 
































1. Schroeer, D. Am. J. Phys. 51, 465 (1983). 

2. Richardson, L.F. Statistics of Deadly Quarrets (Boxwood, 
Pittsburgh, 1960). 

3. Richardson, L.F. Arms and insecurity (Boxwood, 
Pittsburgh, 1960). 

4. Kaye, L.D., Air Force Coll. $1, 81-89, (1962). 

5. Kaye, J.D. & Lindsay, G.R. Nature 227, 696-697 (1970), 

6. Ott, E. Rev. mod. Phys. $3, 655-671 (1981). 

7. May, R.M. Nature, 261, 459-467 (1976). 

8. von Clausiwitz, K. On Wer (ed. Rapoport, A.) (Penguin, — 
New York, 1968). 

9. Wayman, F.W., Singer, J.D. & Goerz, G. intl Siu 
{in the press). E 

10, Tuchman, B. The Guns of August (Macmillan, ? 
York, 1963). 

il. Kahn, H. On Escalation (Praeger, New York, 1965). . 

12. Gray, S, Strategic Studies (Aldwych, London, . 1982)... l 

13. Ball, D. Adeiphi Pap. No.169 (international Institute for - 
Strategic Studies, London, 1981). i ii 

14. Rapoport, A. Fights, Games, and Debates (University of 
Michigan Press, Ann Arbor, 1960). 

iS. Eckmann, J.P. Rev. mod. Phys. §3, 643 (1981). 

i6. Acland-Hood, M. Data Compiled from League of Nations 
Sources (Stockhoim International Peace Research 
Institute, Stockholm, 1983,} 

17. Mitchell, B.R. European Historical Statistics, 1750-1970 
(Macmillan, London, 1975). ee 

18. Deutch, K.W. The Nerves of Government (Free Press, Newe 05 
York, 1966). 

19. Testimony of Perry, W.M. Senate Armed Services... 
Comm. US Dep. of Defense Authorization for Appro- is 
priations for Fiscal Year 1980, Part 3, March~May > 
1979, p.1437. ° ia 

20. Sivard, R.L. World Military and Social Expenditures 
1982 (World Priorities, Virginia, 1982). . 

21. World Military Expenditures and Arms Transfers 1969. : 
1978 (US Arms Control and Disarmament SARDI 
Washington DC, 1980). i 















Alvin M. Saperstein is at the Department of. 
md Center for Peace and Conflic 














THE complaint that there are simply too 
many material particles for any of them to 
justify the old adjective ‘‘fundamental’’ 
‘may seem, on the face of things, to be fully 
borne out by the latest compilation of 
properties by the Particle Data Group, a 

collaboration of 23 physicists which is an 











Berkeley Particle Data Group on which 
responsibility for a critical review of 
available data used to rest. The new com- 
~ pilation, based on data which had become 
_ available by the end of 1983, runs to 304 
-pages of the Reviews of Modern Physics 
for April this year (56, SI-~S304; 1984) and 
is likely to be many people’s bible for years 
to come. It is also a model of how data 
should be compiled in a fast-moving field. 
The moral seems to be that the job is best 
done by people who are themselves prac- 
l itioners * 

> In reality, the compilers have had to 
break with the traditions of their pre- 
- decessors and now explain that they can no 
-longer include references to all relevant 
-publications in high-energy physics bearing 
con the properties of particles. The liter- 
ature, they say, is growing by about 10 per 
cent a year, with the result that archival 
- material must rest where it lies, in previous 
compilations, the most recent of which was 
two years ago. Laconically, however, the 
new list of particles includes (under ‘‘stable 
particles’’, if you please) the measured 
“values of the masses of the W and Z par- 
ticles first discovered just over a year ago at 
CERN, the European high-energy physics 
_jJaboratory. 

© The classification of these particles 
(along with the photon) as stable is not as 
-eccentric as it may seem. The criterion is 
-that particles whose decay is accomplished 
-only by the intervention of weak nuclear 
-forces are counted as being stable. By the 
“Same test, a whole string of unstable 
__-mesons and baryons are thrown together in 
=: the same group. 

->>> Fo outsiders, perhaps the most sur- 
prising feature of these listings is the com- 
: parative speed with which it seems to have 
‘been possible to refine the accuracy of the 
masses of recently-discovered particles. 
Thus, among the group of three known 
eptons (electrons, p-mesons and T- 
mesons, each with negative or positive 
slectric charge), the masses of the first two 
are understandably known to within one. 
part in a million Sead am and. fa po 























































































































































after less than a single decade. Among par- 
ticle physicists, it must be tempting to hope 
for a further order of magnitude in the 
accuracy with which the mass of each par- 
ticle is known with the passage of each 
decade. But this can only be a rule of 
thumb; the estimated mass of the first 
strange meson (K), discovered more than 
thirty years ago, is hardly more precise (at 
one part in 50,000) than that of the J/Ayp, 
just over a decade old and the first ex- 
perimental proof that charmed quarks do 
indeed exist. 

In the circumstances, it is something of a 
surprise that while the mass of the neutron 
is known (as it should be after all this time) 
to better than one part ina million, the life- 
time of this particle against radioactive 
decay (into a proton, a negative electron 
and an antineutrino) is known only to 
within 2 per cent or thereabouts. 

This is not, of course, the scandal that it 
may seem to be. The experimental dif- 
ficulties of anything like a direct measure- 
ment of a decay whose products are among 
the most common particles in the real 
world, and — worse still — themselves 
stable, are bound to be formidable. But the 
practical importance of knowing the decay 
rate of neutrons is far from negligible even 
in such straightforward circumstances as 
the production of bursts of cosmic rays 
from the Sun. 

On the lifetime of the proton, the new 
compilation of particle data is also 
necessarily unhelpful. The authors can 
only quote the steadily lengthening list of 
largely negative searches for evidence that 
protons do indeed decay, as the grand 
unified theories uniting electromagnetic, 
weak and strong forces suggest they 
should, into, say, electrons and photons. 
As is well-known, the lower limits on the 
lifetime determined experimentally are 
already less than the lifetime calculated by 
the simplest of the theories, according to 
this compilation by ‘‘at least one order of 
magnitude”. Given that the first experi- 
mental data appeared only in 1981, and 
that nearly a score of substantial papers on 
the subject have since appeared, it cannot 
be much more than a year before the decay 
of the proton is observed, or the theories 
put in considerable difficulty. i : 

Another of the still-fruitless ee 
reported in the compilation is that for the | 
sixth quark, labelled rop. By now, it seems 
thoroughly established that the particles 





g antiquark, not necessarily of the same : 


| The latest compilation of particle physics data is a monument not merely to those who discover 
‘new particles but also to those who have improved the accuracy of what is known. 


















































. this compilation, no doubt because of th 
recent popularity of these still unknow } 
particles as plausible constituents o 
missin 













breed. In retrospect, it is clear that the most 
familiar mesons (the muon and pion) and 
the less massive of the two strange particles 
discovered in the late 1940s are made only 
of the three quarks called up, down and .. 
strange. Charm was found at Stanford. 
University a decade ago, and bottom soon. 
afterwards, but fop remains to be dis- 
soured! Ja 

This latest compilation of particle data | 
has surprisingly little experimental 
evidence to report, all of it dating since 
1981. And much of this is entirely negative 
— people have looked for particle reson: 
ances over a range of energies and hav 
found nothing to suggest the existence of a 
top quark. But there is a handful of pape 
that appear to conclude that somethin 
happens at an energy of about 34 Ge 
which could be the signature of the species 
called toponium, a particle built from the- 
top quark and its antiquark. If that is the - 
case, the proton-antiproton collider at- 
CERN should find fop any day now. Some - 
would say that the missing quark should . 
have been found already. i 

Even in this dry listing, the search for 
free quarks is more fun — but equally fruit- - 
less. In a listing of more than 250 experi- 
mental searches (each of which is solemnly . 
accompanied by a number giving the- 
number of ‘‘quark events” recorded), ail 
but a few of the corresponding entries co! 
sist simply of the digit ‘‘O’’. The exper 
ments cover both searches for free quar} 
in accelerator experiments and thos 
based on the assumption that free quarks 
could be relatively massive and stable par- 
ticles, in which people have sought to find - 
quarks by taking vacuum cleaners to the 
ground beneath electrified security fences, 
The commentary in the compilation says > = 
that ‘‘of the several candidate cosmic ray = 
events, one still enjoys the active advocacy 
of its discoverer”, 

Other particles have been sought and not 
found in great profusion. On the evidence. 
of this listing, the magnetic monopole does 
not exist. From the exotic zoo of particles 
such as the Higgs boson (which should exist 
if only people knew where to look) and the. 
tachyon (which entails time-reversal), the 
axion is singled out for special attention in 






































ing mass in the Universe. But h 


_ called mesons consist simply of a quark and | ex : 
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INT {- -to-point matching of an array of 
“sensory cells to an array of central neurones 
produces retinotopic and tonotopic maps 
-in the brain, which have been the stock in 
trade of neuroscientists tackling problems 
such as the control of neuronal specificity. 
Buta neural map of auditory space cannot 
be generated simply by the equivalent topo- 
. graphical projection from the cochlea at 
the auditory periphery, because the cochlea 
represents the frequency of the tonal sound 
-stimulus rather than its location in space. 
nstead an auditory space map must be 
omputed from subtle cues provided from 
e effect of the head and pinna on the 
ound field. It therefore came as a 
evelation to find a ‘computational map’ 
`f auditory space in the brain of the barn 
- wi, where individual neurones are 
ecifically tuned to different sound source 
‘locations and are arrayed so that position 
‘in the brain map is systematically related 
_to the preferred location in space'. The 
-mechanism by which such a map is 
_ generated is still being explored, but mean- 
while a study of an auditory space map in 
he monkey’s midbrain has produced 
another revelation, reported by Jay and 
Sparks on page 345 of this issue’. 
Jay and Sparks find that single neurones 
-the monkey superior colliculus show 
sificity for the azimuthal location of a 
id source and are arranged topo- 
aphically to form a map of sound space 
mewhat like that described in the owl, 
it with one feature that is new and sur- 
‘prising: the coordinate frame of the map 
hifts along the horizontal plane as the 
monkey’s eyes change position. Thus, for 
example, a neurone which responds to a 
sound source located 10° to the right of the 
e’s fixation point when this is straight 
ad will still respond to a source located 
0° to the right of the fixation point when 
ae are looking 40° right, even though 
| - head and ears have remained 













































oh “The new y findings have come from con- 
-ceptual and technical innovation in the 
‘presentation of sound stimuli, which 
auditory neurophysiologists have at last 
moved from the ear-canal out into free- 
field auditory space. This move, like that 
made by visual physiologists in the late 
1950s away from direct retinal stimulation 
‘owards the use of natual visual stimuli? *, 
avoids assumptions about the way in which 
miplex spatial parameters of the natu- 
‘ral stimulus are encoded; and it is proving 
= as fruitful in audition as it was in 
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on equipment for the Viking spacecraft. 
Appropriately, the hoop was initiated on 
the same day in 1976 that the Viking lander 
touched down on Mars, and since that time 


has been responsible for a succession of | 
important new findings, beginning with the | 


first description of single neurones with 
sharply restricted receptive fields in 
auditory space * and their arrangement into 
a map of auditory space’. 

The finding of the computational map of 
auditory space in the barn owl provoked a 
search for a comparable map in the brain of 
mammals, and ‘hoops’ sprang up in 
auditory neurophysiology laboratories 
from Oxford to Alabama to Monash. This 


search is still going on in the cat, despite a | 


string of negative findings®’, and dif- 
ficulties have been encountered in finding 
any representation of auditory space in the 
mammalian inferior colliculus. In con- 
trast, numerous studies have found 
evidence of spatial representations of a 
variety of stimulus dimensions, all in 
register, within the mammalian superior 
colliculus. Sound space, visual space and 
even somatosensory space are all mapped 
with the same rough topography into the 
superior colliculus of various mammalian 
species; and maps of auditory space and of 
the direction of infrared sources are 
located within the equivalent structures of 
the owl’ and rattlesnake’ respectively. 
Distortions occur in the course of the 
generation of maps which vary according 
to modality. Registration between maps 
can therefore be a problem and con- 
siderable interest has focused on this 
question. Gross misregistration can be cor- 
rected developmentally, as shown in 
elegant experiments by the Knudsens on 
young barn owls wearing prisms to displace 
their visual fields. In this case the map of 
auditory space shifts to realign itself 
appropriately with the visual map, whose 


coordinate frame is unchanged (relative to | 
both the eyes and the head within which the | 


eyes are immobile in owls). 

Despite such plasticity, smaller local 
areas of misregistration still occur and are 
puzzling if considered in purely sensory 
terms. If, on the other hand, one considers 


l. Knudsen, E.L & Konishi, M. J. Neurophysiol. 41, 870 
(1978). 

2. Jay, M.F. & Sparks, D.L. Nature 309, 345 (1984), 

3. Barlow, H.B. J. Physiol, Lond. 149, 69 (1953). 

4. Lettvin, J.Y. ef al. Proc. inst. Radio. Engrs 47, 1940 
(1959). 

§. Knudsen, E.T., Konishi, M. & Pettigrew, J.D. Science 198, 
1278 (1977). | 

6. Semple, M.N, ef al. Hearing Res. 110, 203 (1983). 

7. Atkinson, P.D., Aitkin, L.M., Moore, D.R. & Semple, 
MLN. SE. Physiol., Land. 338, 38P.(1983), 

8. Knudsen, E.L, Knidsen, P.F. & Esterty, S.D. Nature 295, 
238 (1982). . l : 

9, Hartline, P.H. Science 213, 789 {1981}. 

. Meliwain, J.T. J. Neurophysiol, 38, 219 (1975). 


















orienting response from activation ¢ iSO 
part of the map, precision or registrat 
takes on a new meaning. This has.b 
most clearly pointed out by Mcllwain™® 
who has formulated some rules fo 
representations within the superior co 
liculus. A very precise orienting respon 
may be driven by a rather diffuse activation 
of output neurones within the motor map- 
since the precision depends upon co- 
ordinated activity in a very large pool of © 
different motoneurones. MclIlwain has 
shown how, as the final motor output is 
approached, the size of the ‘point image’. 
activated within the array by a stimulus _ 
increases to include a significant part of the - 
whole map. os 

The point image can be thought of as the © 
spatial distribution of neurones which are 
activated within a map by a punctate 
stimulus in the appropriate sensory space. 
The size of the point image in the map 
determined both by the receptive-field siz 
of individual neurones and by the degree to 
which receptive fields of neighbouring 
neurones overlap. A remarkable feature 
of anumber of visual maps, first noticed by 
Mcllwain, is that the mapping and- 
receptive fields are related in such a way - 
that the point image at a given map location — 
has the same size as a receptive field at that | 
location when the receptive field is pro- | 
jected onto the map. Accordingly, the very- 
large receptive fields encountered in the 
deeper layers of the superior colliculus wi 
be associated with large pools of. outpr 
neurones, to which increasing attention is 
now being paid by recording from behav- 
ing monkeys. Thus, the large and 
apparently imprecise auditory receptive 
fields of the neurones in monkey superic 
colliculus? belie the precision with which 
the monkey can fixate an auditory ‘target’. 
Precision within a motor map is more a 
matter of defining the boundaries of the 
motoneurone pool than of limiting the 
stimulus to a particular location, so on 
must take care to establish what the ‘ma 
designed to represent. 

Motor considerations can also help one 
to understand why the monkey’s ai 
map should move coordinately with the 
eyes, instead of having the head and ears as 
a fixed reference frame as one might expect 
of a map generated from head and ear cues. 
Apparently, what is being mapped onto the = 
superior colliculus is the error between the 
current sound source direction and the 
current visual axis. Since the superior ~ 
colliculus of the monkey has a motor map. : 
of saccadic eye movement vectors, the © 
combination of the two maps would enable _ 
eye movements to be accurately pro- 
grammed to fixate an invisible sound 
source. We can thus think of a map in 
‘motor-error space’. 

A requirement for the motor-error 

































































































degree of mismatch between a current- 
position signal and an intended-eye- 
sition signal to provide the drive for 
accadic burst generators '?. Just where the 
ye-position signals originate and how they 
are integrated with the map of auditory 
pace remain difficult questions for the 
future, particularly in view of the current 
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from Jared M. Diamond 


. RECURRING nightmare for conservation 
iologists is the discovery that the few sur- 
ving individuals of an endangered species 
are all of the same sex. In 1976 this night- 
nare came close to reality for the New Zea- 
Jand Wildlife Service, with the discovery 
that of seven remaining Chatham Island 
Black Robins only two were females. This 
recipitated a drastic rescue programme, 
nvolving capture of the entire robin popu- 
ation, its transfer to another island and the 
ostering of eggs in the nests of two other 
pecies of song bird. As a result, for the 
irst time in nearly a century, robins now 
occupy two islands'. The significance of 
he rescue programme, however, goes far 
beyond the fate of one obscure species of 
bird because without such sophisticated 
management techniques a growing number 
of species would be doomed and yet the 
techniques arouse passionate opposition. 
-Why was the Black Robin (Petroica 
traversi ) on the verge of extinction in 
1976? By the 1870s the cats, rats and forest- 
learing activities of European settlers had 
iminated the robin from the larger of the 
‘hatham Islands, 800 km east of New Zea- 
land, restricting it to Mangere and Little 
Mangere. After cats were introduced to 
Mangere in the 1890s they proceeded to 
destroy its robins and 11 other bird species, 
leaving all of the world’s Black Robins in 4 
hectares of scrub on the windswept top of 
‘Little Mangere. By 1973 there were 17 
adults and 1 juvenile}, 

On Little Mangere the robins’ long-term 
_ prospects of survival seemed poor. Apart 
= from the risks intrinsic in the island’s tiny 
area, it was riddled with the nesting bur- 
= rows of Sooty Shearwaters, its forest was 
dying and few young robins were surviving. 
After considering the options, the New 
Zealand Wildlife Service decided to plant 
‘100,000 tree cuttings on Mangere Island it- 
self (where the cats had died out), intending 
to transfer the robins there when the trees 
had become tall enough to provide suitable 
abitat. Meanwhile it began transfer ex- 
periments and detailed field studies with 
the Black Robin’s closest relative, the New 
ealand Robin (Petroica australis)’, 

























































































on of Little. Mangere’s patch of scrub 





| big risks, both to the Bi: 
Unfortunately, the continued deteriora- | 







monkey’ S midbrain, Future work o on the J 


midbrain maps therefore promises to 
illuminate a variety of important issues 
concerning the sensory-motor interface. C 





John D. Peitigrew is Professor of Physiology at | 


the University of Queensland, St Lucia 4067, 
Australia. 





Back from the brink of extinction 


there, made it impossible to wait. When the 
1976 census revealed only two pairs and 


three bachelor males, making the Black © 


Robin the world’s rarest accurately cen- 


sused bird, the Wildlife Service decided on | 


a drastic risky measure: the immediate 
transfer of robins to the 4.2 hectares of ex- 
isting scrub on Mangere. 

Rough seas, bad weather and an almost 
fatal boat accident aborted the first two at- 
tempts*. But between 17 and 21 September 
1976 both pairs and one bachelor were 
caught and transferred and at the end of the 
breeding season, in March 1977, the two re- 
maining males joined them on Mangere ‘so 
that the whole population of the Black 
Robin was on the one island. 

Although the birds immediately began to 
breed on Mangere, recovery of the Black 
Robin population was slow because only 
two eggs are laid, and at best only one of 
those is likely to yield a fledged young. 
However, like many bird species, Black 
Robins will lay a second or even a third 
clutch if the previous clutch fails. So, in 
1980 the first clutches of the two surviving 
pairs were transferred to nearby nests of 
another small insectivorous bird species, 
the Chatham Island Warbler. The robins 
relaid, and four robin chicks were fledged 
that year — three of them by warblers. 
But the warblers were incapable of caring for 
the growing robin chicks for more than ten 
days, after which they had to be fostered 


back to adult robins. So, in 1981 the first | 


clutches were transported to nearby South 
East Island for foster-rearing by the Tomtit 
(Petroica macrocephala). These proved 
ideal foster parents and raised three of the 
five robin chicks produced that year'. 

To reduce the risk of inbreeding or of ex- 
tinction by a local disaster on Mangere, 
where the robin habitat is at the base of an 
unstable cliff, two pairs of adult robins 
were transferred to South East Island in 
1983. Despite unusually bad weather lead- 
ing to the deaths of four robins in 1982 and 
1983, 
breeding: season with t} 

These interventions ; 








isly involved. 
tobin and to 
the New Zealand ‘Wildlif 


the species entered the 1983-84, | 
breeding pairs. | 6. Bell, B. Bull. int. Council Bird Preserv. 12, 165 (1978 
Z Soulé, M. & Wilcox, B. Conservation Biology ls 
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ie tor an unusually high proportion of 
endangered or vulnerable endemic species, eo 
the New Zealand Wildlife Service has 
developed management techniques based _ 
on detailed studies of the ecology and 
sociobiology of endangered species. Fore- 
most among them has been the introduc- 
tion of threatened taxa to offshore islands 
from which introduced mammals are ab- 
sent or have been eradicated. Such taxa as 
the South Island Saddleback, Buff Weka 
and Little Spotted Kiwi would be extinct | 
today were it not for such introductions. = 
Nevertheless, in New Zealand as else- -> 
where, the philosophy of drastic interven- 
tion to save endangered species elicits 
opposition as well as support, even amon 
biologists. The debate over whether t 
transfer some Black Robins from Mangere; 
to South East Island is not unlike the de 
bate in the United States over the captive 
breeding programme for the California. 
Condor. Sometimes opposition is based or 
doubts about the particular form of inter 
vention proposed, the risk of individuals 
being killed and the possibility that a pro- 
gramme will draw off too much money 
from other conservation programmes. 
Partly, too, the opposition stems from re- 
vulsion at intense artificial manipulation of. 
wild populations, even in the hope of 
saving them: should not the last condors be 
allowed to die in dignity in the wild, rather 
than as captives in a zoo? Breeding of Black 
Robins will have to be managed for a while 
to avoid effects of inbreeding, and perhap 
to avoid imprinting on foster-parent 
Does this not blur the distinction betweer 
maintenance in the wild and in a zoo, and 
thereby virtually convert Mangere and 
South East Island into outdoor zoos? | 
Many people, however, feel that 
managed robins are better than no robins = 
and that humans should devote ingenuity 
and massive intervention to saving species. 
as well as to exterminating them. Without 
intervention in 1976 the Black Robin would =- 
soon have met the fate of the Dusky Seaside 
Sparrow. For this doomed bird of Florida 
marshes, the conservationists’ nightmare 
has come true: the few surviving indivi- 
duals are all males. E 


L Merton, D. Wildlife — a Review 12, 42 (N. Z. Wildlife 
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NEWS AND VIEWS 


Fifty years of pepsin crystals 


ye” Guy Dodson and Cyrus Chothia 


IN the middle of April 1934, J.D. Bernal 
and Dorothy Crowfoot (now Hodgkin) 
obtained the first successful X-ray photo- 
graphs of a globular protein. They were 
Obtained in Cambridge from crystals of 
pepsin grown by John Philpot in Uppsala. 
The photographs, discussed in a letter to 
Nature (133, 794; 1934) published half a 
century ago, almost to the day, were the 
start of one of the great achievements of 
modern biology. 

On 13 April 1984 a meeting was held in 
Cambridge to commemorate the fiftieth 
anniversary of the experiment. Lectures 
were given by Dorothy Hodgkin, Max 
Perutz and Aaron Klug, all of whom 
worked at different times in Bernal’s 
laboratory. The occasion brought together 
all those still living who were directly in- 
volved in the pepsin experiment; sadly, 
Peter Wooster, a long-established figure in 
Bernal’s laboratory and remembered 
warmly by many, died on the night pre- 
ceding the meeting. Several crystallo- 
graphers who had contributed to the field, 
notably Arthur Wilson (intensity statistics) 
and Henry Lipson (Fourier calculation 
methods), were also present. 

Part of the meeting was devoted to a 
recreation of the events that led to the pep- 
sin crystal’s coming to Bernal’s laboratory 
at Cambridge and to the crystallo- 
graphic examination of pepsin and 
other protein crystals (including viruses) 
that subsequently took place. The 
historical accounts were filled out, 
sometimes straightened out, particularly 


_7~bdy John Philpot on the background of the 
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crystallization of pepsin (in explaining why 
he went to Uppsala to grow the crystals he 
distinguished nicely between his real reason 
for going there — a young lady — and his 
excuse — to work on the ultracentrifuge) 
and by Bill Pirie on early virus experiments. 
The history of pepsin was completed by a 
comment from Tom Blundell on the struc- 
ture of the pepsin molecule inferred from 
homologous enzymes. 

The impressions that emerged of 
Bernal’s laboratory were of great activity 
and many abilities, and of Bernal’s omni- 
vorous scientific interests. The laboratory 
already had a famous reputation, par- 
ticularly for the work on sterols, and it was 
this, or Dorothy Crowfoot’s reputation, 
that apparently prompted Glen Millikan, a 
peripatetic scientist, to bring John 
Philpot’s crystals to Cambridge. 

When the crystals arrived, Bernal im- 


"mediately examined them in a polarizing 


microscope (Dorothy Crowfoot was away 
with what proved to be an incipient rheu- 
matic attack). He found them to be beauti- 
fully formed, showing sharp birefringence 
while in the tube they had been grown in. 
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The crystals failed to diffract after removal 
from the test tube and drying but, crucially, 
Bernal noticed that their birefringence had 
also disappeared. Thus he realized the need 
to keep crystals wet. Bernal’s solution was 
to put the crystals in capillaries (made 
possible because of Helen Megaw’s studies 
on ice crystals). The subsequent investiga- 
tion of the crystal’s diffraction charac- 
teristics, cell dimens’ons and space group 
was carried out by Bernal and Dorothy 
Crowfoot. It led to their recognition ‘‘that 
the arrangement of atoms inside the pro- 
tein molecule is of a perfectly definite 
kind” and to remarkably accurate ideas 
about the molecules’ molecular weight and 
shape. 

The descriptions of the subsequent 
research into protein crystals included the 
details of how the studies on insulin, 
haemoglobin and the viruses began. The 
immense difficulties in solving these struc- 
tures were clearly appreciated at the time 
and the early investigations were devoted 
to measuring X-ray intensities, to calculat- 
ing the Patterson function (also celebrating 
its fiftieth anniversary this year) and to 
characterizing new protein crystals. The in- 
fluence of Bernal and Bragg was clearly 
crucial. A typical contribution was 
Bernal’s letter to Dorothy Crowfoot sug- 
gesting that the isomorphous replacement 
of Zn by Cd in the rhombohedral insulin 
crystal could give phase information. 
Brage’s role, more concentrated at 
first on haemoglobin and later on 
myoglobin, was quieter but his steady sym- 
pathy, persistence and deep crystallo- 
graphic insight helped the early research 
through disappointing years. Perutz re- 
called Bragg’s grasp of crystallographic 
principles and illustrated it by the studies 
on how the shrinkage of protein crystal 
cells could be used to define centric phases. 

In his review of virus research and the 





Bernal, Klug emphasized the importance 
of flexible thinking and how Bernal’s 
aphorism, ‘crystallographers must learn not 
to be crystallographers’, applied over and 
Over again. This was as true in Pauling’s 
production of the a-helix structure and in 
Bernal’s approach to the water problem as 
it is now in the study of the behaviour of 
protein structure which is increasingly 
found to link well defined domains to flex- 
ible and variable segments. Thus, the link- 
ing of order and disorder to achieve 
assembly and function (RNA binding) in 
the tobacco mosaic virus is revealed by 
crystallographic analysis. A report by 
Steven Harrison (Harvard University) of 
the 2.8 A resolution crystal structure of 
tomato bushy stunt virus nicely completed 
studies begun by Bernal and Fankuchen. 
This virus also demonstrates beautifully 
the order—disorder phenomenon, which 
Harrison showed is related to the packing 
and assembly of the virus subunits. 

There are many conclusions from a day 
like this. First, there are the remarkably 
happy collaborative traditions in protein 
crystallography, established from the earli- 
est days, that make it such fun to work in 
the field. Second, the techniques, essential- 
ly physics, have put the description of pro- 
tein and biomolecular structure into the 
hands of crystallographers. Finally, the im- 
portance of crystals and other ordered 
systems as a route to the description of bio- 
chemical and biological structure remains 
paramount. Bernal saw these descriptions 
as the first stage — their analysis should 
lead to the principles which govern the 
assembly and integration of molecules into 
higher organizations. Already, as Richard 
Henderson emphasized, crystals of very 
large molecular assemblies such as the 
nucleosome have been solved. Thus, as 
long as there are crystals, the future of the 
field is assured and more than justifies the 
great excitement produced by those first 
X-ray photographs of pepsin. go 





Guy Dodson is in the Department of Chemistry, 
University of York, York YOI SDD, and Cyrus 
Chothia is at the Medical Research Council, 
Laboratory of Molecular Biology, Cambridge 
CB2 2QH, and the Department of Chemistry, 
University College of London. 
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Dorothy Hodgkin, John Philpot and Helen Megaw at the meeting. (Photograph by Claudio Villa.) 
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CRYSTALS are like people: it is the defects in 
‘them which tend to make them interesting. 
<< {n recent years, solid-state physicists and 
chemists have become increasingly aware 
~ that real crystals are usually not perfectly 
“periodic arrays of atoms. Instead they 
<: contain a variety of isolated defects, which 
“are important because they can strongly 
-influence the physical and chemical 
‘properties of the crystals. An article on 
age 319 of this issue, by Bursill and Smith, 
‘reports the use of high-resolution electron 
‘microscopy to provide new information on 
the isolated defects which form when oxide 
crystals are reduced. This is the latest 
development in understanding reduced 
oxides, which have long puzzled chemists 
and physicists. 
- The basic question is the following: 
vhen oxide crystals are reduced (for 
mple, MoO, > MoO,_,), are the 
fing oxygen vacancies in the structure 
rout ymogeneously or are there 
lated extended defects, and if so how do 
‘form? Until 1950 it was believed that 
> oxygen vacancies were distributed 
: omogeneously. Then A. Magnéli (Ark. 
E mi 1, 513; 1950) observed extra dif- 
action spots in X-ray diffraction patterns 
from reduced oxides which he correctly 
attributed to an ordered array of defects 
called crystallographic shear planes 
< (CSPs). Five years later A. D. Wadsley 
postulated the existence of isolated CSPs 
(Rey. pure appl. Chem. 5, 165; 1955). But 
the then available techniques of X-ray and 
neutron diffraction gave diffraction 
patterns which yielded atomic positions 
Statistically averaged over a relatively large 
diffracting volume (typically 1 mm?) of the 
crystal and so were incapable of detecting 
individual crystal defects. It took another 
fourteen years before Wadsley’s pre- 
dictions were confirmed by the observation 
of isolated CSPs by electron microscopy 
-(Bursill, L.A. & Hyde, B. G. Phil. Mag. 20, 
A 657; 1969). 
We can think of CSP formation as 
follows. If it is energetically favourable for 
them to do so, oxygen vacancies will cluster 
together on a crystal plane rather than exist 
. aS isolated vacancies. The crystal on each 
«side of this cluster of vacancies will then 
= collapse into the missing layer of oxygen 
atoms and also shear sideways to reform 
remical bonds. The defect so formed is a 
P. In MoO, the local chemical compo- 
on at a CSP is MoO,. Hence a reduced 
stal of overall composition MoO,_, can 
thought of as a matrix of MoO, plus the 
propriate number of CSPs of com- 
| ( s have a beautifully 







































































Defects in reduced Oxides 








en vacancies . 





high temperature, as Magnéli originally 
observed. 

The picture I have just given is a 
simplified one. In particular, for a very 
small degree of reduction (corresponding 
to x<0.005) CSPs are not usually observed. 
Are the oxygen vacancies at these low 


concentrations uniformly distributed or — 


are they concentrated into isolated small 
defects, and how do the CSPs form and 
grow? These are the questions that Bursill 
and Smith can address in their paper 


will form an ordered array at a sufficiently 









a Thi us we egainn new vinsighti into ; 
the earliest stages of structural changes tha 
accompany reduction. This work is not 
only important for chemists and physicists 
studying oxides but also illustrates the ~ 
power of high-resolution electron micro- 
scopy for studying, at the atomic level, the 
structure of defects in a wide range of 
materials. Ls 
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Immunology 


More on the T-cell receptor 


from Philippa Marrack 


NOT surprisingly, one of the main subjects 
of interest at a recent symposium* on 


‘Regulation of the immune system’ was the | 


receptor on T cells which allows them to 
respond clonally to antigen in association 
with products of the major histocompati- 
bility complex (MHC). A year or two ago, 
when the molecules responsible for this 
feat were identified on the surfaces of 


T-cell clones, using clone-specific | 


antibodies, they were shown to be 
disulphide-linked proteins made up of two 
different chains each of molecular weight 
40,000-50,000 and containing variable and 
constant peptides. The T-cell receptor was 
therefore recognized to be strikingly 
similar in overall design to immun- 
oglobulins. Recent papers in Nature (308, 
145 & 149) reported the isolation of cDNA 
clones which probably encode one of the 
two polypeptide chains. 

Since nearly all the protagonists involved 
in these discoveries were at the meeting, 
immunologists were given an opportunity 
to be brought up to date on all aspects of 
this work. Steven Hedrick (University of 
California, San Diego) and Tak Mak 


(Ontario Cancer Center) reviewed the data 


on the cDNA clones. The mRNAs from 
these clones are T-cell specific, come from 
genes which rearrange between the germ 
line and mature T cell, and are similar but 
not identical to immunoglobulins in 
nucleotide sequence. Moreover, the pro- 
teins they encode are very immunoglo- 
bulin-like in sequence and, in particular, 
include cysteines which could mark the 
domain-like structures so characteristic of 
this type of molecule. Hedrick also pointed 
out that the cysteine near i 
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volved in bridging light chains to heav 


the carboxy- | 
|. terminal end of the protein is in a position 
- analogous to the cysteine on immunoglo- | 4 
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bulin light chains. Since the latter is in 


chains in most immunoglobulins, th 
former may have a similar function in the’ 
T-cell receptor, being used to bridge me 
two chains of the heterodimer. 
Mark Davis and Nicholas Gascsigne 
(Stanford University) described the struc- 
ture of mouse genomic clones encoding 
these sequences; their data are published 
on page 322 of this issue. Again there are. 
striking similarities with immunoglobulin, 
since several segments of DNA, which 
occupy separate loci in the germ-line 
genome but are brought together by. 
rearrangement in T cells, contribute ti 
T-cell receptor cDNA (see the figure). One- 
segment contains a cluster of variable 
region (V+) genes, mapping an undeter 
mined distance from a proposed segment 
containing several diversity-region (Dy) 
genes (DNA encoding this segment has not: 
yet been found). A third segment contains 
a cluster of seven joining-region (Jy) genes 
and a constant-region (Cy) gene. The last. 
contains four exons, of which three were 
expected: the exons for the constant-region | 
immunoglobulin-like domain, which is _ 
extracellular, a transmembrane sequence, 
and a cytoplasmic domain. But the fourth, 
encoding four to six amino acids between 
the extracellular domain and the 
transmembrane sequence, came as a .. 
surprise. This extra domain has some ` 
sequence homology with the hinge region 
of immunoglobulins, the part thought to. 
confer flexibility on antibodies. A lack of 
ase in the a Pepio of the Tce | 















“two very similar Cy genes, close together 
<-> on the same genomic clone. Each seems to 
_. .. have its own cluster of Jy genes; there is 
_ evidence that each Vy gene can feed off 
either cluster of Jys. If so, this arrangement 
would be similar to that of the 
_.. immunoglobulin light chain, A. These 
results were confirmed by Mitch 
>. Kronenberg (Caltech). The human gene 
_. structure seems to be similar since Mak has 
“also found two closely arranged constant- 
‘region genes. In mouse the genes map to the 
‘proximal region of chromosome 6 (Davis 
„and Kronenberg). 
There is some evidence that the T-cell 
| repertoire, at least reflected by use of these 
_ genes, is limited. For example, there is no 
vidence for somatic variation, although so 
far only a limited number of sequences 
_ have been looked at. Davis mentioned that 
~ the V;-region sequence found in a T-cell 
hybridoma specific for pigeon cytochrome 
‘cin association with I-A‘ is identical to its 
germ-line counterpart. Perhaps less 
surprisingly, Hedrick showed that three 
independent T-cell hybridomas with the 
‘same specificity for cytochrome c and I-A 
seem to use the same V7 region, at least for 
‘this chain, since all show the same size 
earrangement of the gene. 
Which of the two polypeptides, 
unimaginatively called a and B, of the 
T-cell receptor are coded for by the genes 
detected by the cDNA probes? Ellis 



































collaborators have shown that the amino- 
terminal sequence of the variable region 
described by Mak is almost identical to the 
amino-terminal amino acid sequence they 
- have obtained for the B chain. 
© With every indication that the arrange- 
ment and rearrangements of T-cell 
receptor genes have been, or soon will be, 
worked out, interest turned to their 
expression. All investigators agreed that 
o the genes are rearranged and transcribed 
only in T cells although not, perhaps, in 
suppressor T cells. The high level of mRNA 
produced from the genes in thymocytes is 
of particular interest because the thymus is 
the organ in which the ability of T cells to 
~ recognize antigen in the context of self- 
- MHC is thought to be selected. Pre- 
sumably this selection depends on the 
expression of receptor proteins on 
thymocyte surfaces. Some doubt that high 
levels of mRNA necessarily result in high 
levels of cell-surface receptor was raised by 
ohn Kappler (National Jewish Hospital, 














a antibody which binds to the receptor 








Acrangenieal of the genes for the separate domaine of one chain, probably the B chain, of the 
cell receptor. Bars represent genes. The Dy region is provisional. 


Reinherz (Harvard University) and his 


Denver), who described a monoclonal 













the number of receptors on immature 
thymocytes ranges from zero to about the 
same as on the peripheral T cells. Those 
without any receptors may not yet have 
generated the ability to synthesize mRNA 
for both chains of the receptor, or may 
have lost this ability because of mutation or 
aberrant rearrangement. 

Since cytotoxic T cells usually recognize 
antigen in association with class I products 
of the MHC, whereas helper T cells usually 
recognize antigen in association with class 
Il MHC products, some difference 
between the receptors on the two types of 
cells has long been expected. Although no 
differences were identified with the cDNA 
probes or with Kappler’s antibody, a first 
inkling of their existence was suggested by 
J.P. Allison (University of Texas Cancer 
Center, Smithville) who showed that anti- 
bodies produced in rabbits against the 
purified receptor from a mouse T-cell 
leukaemia preferentially react with a sub- 
set of receptors on L3T4-bearing mouse T 
cells, the cells thought to be mainly class IH- 
restricted helper T cells. 

Some years ago Jerne suggested that an 
immunological network controls the 
specificities of lymphocytes in any given 
animal since each new variable-region 
sequence is, in a sense, an antigen new to 
the animal and so potentially recognizable 
by other variable regions — of antibodies 
or on T cells. Hence the suggestion that 
there might be a subset of T cells which 
recognizes the T-cell receptor on other T 
cells and does so by means of a receptor 
that bears some resemblance in structure to 





100 years ago 


NOTES 
M. Pasteur read to the Academy of Sciences on 
Monday an account of his experiments on 
rabies. He maintains that he has twenty dogs 
which he has rendered insusceptible to the 
disease, and which, with twenty ordinary dogs, 
he is prepared to have bitten by a number of dogs 
in a rabid state. A Commission has been 
appointed by the French Government to test M. 
Pasteur’s conclusions, the immense importance 
of which, if established, must be evident to every 
one. Eminent physiologists maintain, however, 
that M. Pasteur is far from having proved his 


_ position, and that it would be rash to give any 
positive opinion’ upon the subject until the 


experiment which he suggests has been made. 
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-| We await the full report of M. Pasteur’s paper 
before saying more uponit. | - hs 
rom Nature 30, 22 &. 2 May 1894.. i cnet a 
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receptor. Sim and Augustin (Denver) sup 
ported that suggestion with evidence that: 
T-cell hybridoma, prepared from mic 
immunized with an anti-I-A antibody 
responds to that antibody in the absence 9 
any other stimulus, and that the antibody 
can precipita from the hybridoma 
ular: to other antigens. 

si T-cell receptors. = 
The idea the lis might bind anti- 
MHC antibodi particular those direc- 
ted against class I-like molecules, not 
because they bear products of the MHC 
itself but because they bear receptors which 
resemble MHC products (internal images), 
was used at several points in the meeting to 
explain the still mysterious existence of 
antigens on T cells which seem to map gene- 
tically in the J region, especially the I-J 
region, of the MHC. But why, then, ari 
I-region-related messages not expressed: 
T cells (Kronenberg)? Colleen Hay 
(University of Wisconsin) and- he 
colleagues have recently published data 
which suggest that the determinants found 
on T cells known as I-J are controlled i 
the mouse by genetic loci mapping both 
the MHC, on chromosome 17 and ön- 
chromosome 4, suggesting some sort of. 
complementation (Science 223, 559; 1984)... 
Internal-image devotees now theorize that . 
I-J, and other structures on T cells which » 
react with anti-MHC antibodies, may be 
T-cell receptors which mimic the MHC but 
which are encoded by genes not mapping at 
this locus. This may be true for MHC- 
restricted helper and cytotoxic T cells, as. 
exemplified by the Sim and Augustin — 
experiment, and for free-antigen-binding ` 
suppressor T cells, which apparently havea 
different type of receptor. am 
































































Philippa Marrack is in the Department of 
Medicine, National Jewish Hospital, 3800 E. 
Colfax Avenue, Denver, Colorado 80206. 


A REMARKABLY BRILLIANT METEOR 
TO-NIGHT, about 10.45 p.m., I was ‘stepping 
westward,” about half a mile east of my house. 
Suddenly the ground before me was lighted up- 
with moontide splendour by a luminary that was .- 
above me and behind me. Looking back I sawa: 
meteor a good deal east of the Grat Bear, and — 
nearly as high in the sky. It was about as bigas 
Venus, and of the same hue. It was speeding 
from north to south with a slight descent. Hs- 
course very soon came to an end. It left behind it 
a streak of duller lustre: this phosphorus-like.. 
trail vanished almost at once. The career of this 
meteor while that body was visible here, lasted 
little, if at all, longer than a minute, but its tigh! 
was remarkably brilliant. 

DARK TRANSIT OF SATELLI TE 
On May 18, at 8 h., on observing Jupiter 
my 10-inch reflector, p. 252, I saw three 
dark spots. These I took to be the shadow 
satellites, and on reference found that the 
shadows of Satellites I. and HH. were really upon 
the planet; also Satellite I. itself. I believe the 
very dark appearance of the satellite on this 
occasion to have been somewhat exceptional; 
for through - L have. observed. a considerab 






























































gi Jonathan Widom 


To pack double-stranded DNA into the 
protein shell of viruses such as phage A, or 
to wrap it around the protein cores of the 
nucleosomes that characterize the chroma- 
‘tin-of higher organisms, requires the DNA 
: to be tightly bent or kinked at many sites. 
In the simplest case, DNA may have only a 
passive role in its packaging. In other cases, 
~ sequences within the DNA may specify the 
bending or kinking, or bends or kinks 
could be induced by the binding of 
proteins. Experiments described in a recent 
sue of Nature’ and on page 327 of this 
issue? provide evidence of both of the 
active mechanisms of bending or kinking. 
To understand the degree of bending 
- required of DNA packaged in viruses and 
in chromatin, one must have a quantitative 
measure of the stiffness of isolated DNA. 
‘This has been obtained by hydrodynamic 
methods’, and extended to tight bending 
~ 240 base pair circles) by Shore ef al. 
using an enzymatic ring-closure method *. 
The persistence length of random- 
sequence DNA is found to be~500 A, or 
~ 150 base pairs (bp)?.DNA must betightly 
bent or kinked when packaged in phage A 
because the hollow protein capsid has a 
diameter of only 600 A (ref.5). On a nuc- 
leosome, DNA is bent through 360° in the 
space of ~ 80 bp (ref.6), only half of the 
persistence length of DNA in solution. 
Adding to the interest in what 
- determines bends or kinks in DNA is the 
: possibility that altered DNA conformation 
may serve as an important signal in the 
sequence-specific binding of proteins. 
Thus in 1975, Crick and Klug’ pointed out 
that several base pairs at a kink may be par- 
ticularly accessible to proteins and, on the 
basis of model-building studies, several 
groups have proposed non-B-form 
. conformations for DNA bound to proteins 
_ (for example, refs 8 and 9). Although the 
structures of three sequence-specific DNA- 
- binding proteins (cro!®, cl'', CAP?) have 
< been solved by X-ray diffraction, the 
“proteins were not bound to DNA, so only 
by model-building could their mode of 
binding be tentatively predicted. That is the 
reason for the special importance of the 
two new papers! which clearly show 
striking departures from linear B-DNA in 
both isolated DNA and in DNA-protein 
complexes. 
Wu and Crothers report an elegant 
experiment which indicates that a partic- 
ular DNA sequence may cause the DNA 
molecule to bend'. The DNA they have 
worked with is a restriction fragment from 
the kinetoplast of a trypanosome. The 
inetoplast contains a large number of 
h ghly-interlocked, very small (~ ~ 800 Pe) 
INA circles 3 ion. Mari 
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phoretic and hydrodynamic behaviour for 
one particular restriction fragment, which 
led them to postulate that the fragment 
may be bent!?, To test that suggestion, Wu 
and Crothers devised an elegant technique 
(circular permutation) of generating from 
the anomalous restriction fragment a series 
of variants differing only in the position of 
the suggested bending locus relative to the 
ends of the fragment. When these essen- 
tially identical restriction fragments were 
run on non-denaturing acrylamide gels, a 
striking range of mobilities was observed, 
consistent with the proposal that the 


original fragment was bent at a specific | 


site. Theories of gel electrophoresis’? 
predict (for a given molecular mass) a 
dependence of mobility on A*, the mean- 
squared end-to-end distance of the mole- 


cule. If a sequence at the centre of arestric- | 


tion fragment causes that molecule to 
bend, it will have a reduced h? and hence 
should migrate more slowly in gels. If that 
same restriction fragment is circularly per- 
muted to place the site of bending at the 
very end of the molecule, A? should 
be restored to its expected value, so the 
fragment should migrate more rapidly. By 
extrapolating their mobility data, Wu and 
Crothers are able to pinpoint the DNA 
sequence that causes the bend. In the 
restriction fragment from the kinetoplast 
minicircle (K-DNA), they find a very strik- 
ing sequence at the centre of the bend: the 
sequence C(A); T is repeated four times, 
separated by three or four other bases so 
that the sequences are spaced ~ 10 bp apart, 
in phase with the twist of the DNA helix. 
Theories of gel electrophoresis are not 
sufficiently developed to allow one to be 
certain of the reason for the anomalous 
mobility of K-DNA. An alternative 
explanation, not considered by Wu and 
Crothers, is that rather than conferring a 
permanent bend with definite geometry, 
the sequence C(A), T could simply confer 
increased flexibility, and that increased 
flexibility results in slower migration in 
gels. Hogan ef al.!* recently reported 
enhanced flexibility for the sequence 
poly(dA)-poly(dT), and Charney and 
colleagues (personal communication) have 
found a greatly enhanced flexibility for the 
sequence poly(dA-dT)-poly(dA-dT). 
Although it is therefore reasonable to 
expect that the sequence found by Wu and 
Crothers will have an increased flexibility, 


two lines of reasoning suggest that in- | 


creased flexibility alone cannot account for 


their results, First, Charney and colleagues | 


find that, while having substantially 
enhanced flexibility, poly(dA-dT)-poly- 


Second; 





by Arnott and colleagues '°. WwW 


DNA packaging. Frederick ef al. have 
‘studied the complex of the Tes 
| (dA-dT) does not behave anomalously on | er | 
‘|.polyacrylamide gels. 
exibility would not account Tor. me | 






K-DNA badd locus. Wu i 
suggest that runs of dA... may 
altered helical conformation, such’: 
heteronomous DNA (H-form) post 

















B-form to H-form junction is created, 
likely to involve a bend *. The two strands | 
of H-form DNA are non-equivalent, so 
there will be a directionality to an H-B ae 
junction (with respect to the polar 
phosphate-sugar backbone), producing 
bends of opposite sense at H >B and B >H 
junctions. Because the runs of A are 5-6 bp 
long — half of the helical periodicity of 
DNA — bends of opposite sense at the 
entrance and exit of A... blocks will point - 
in the same direction to produce a planar. — 
bend rather than a zigzag. There arefourof 
these units in the K-DNA bending locus; > ~ 
because the units themselves repeat every 
~ 10 bp, planar bends from individual 
units add in-phase to produce a large net 
planar bend. If these sequences promoted 
bending merely by virtue of their flexi 
bility, the 5 bp periodicity, especially 
would be unnecessary and not expected. © 
In a parallel series of experiments, Wi 
and Crothers showed that the mobility o: 
circularly permuted variants of a restri 
tion fragment from the /ac control region 
of Escherichia coli does not vary with cir- 
cular permutation, even when lac repressor. 
tetramers were bound at the operator site. 
When dimers of CAP protein (which are 
much smaller than lac repressor tetramers) 
were added, however, there was a marked 
dependence of the mobility on the degree 
of circular permutation. Previous experi- - 
ments have shown that both CAP and lac 
repressor remain correctly bound to the 
DNA during electrophoresis (see refs 1,16). 
Wu and Crothers conclude that the Jac... 
DNA fragment is itself unbent but that 
bends in response to the binding of CAP 
protein. The same conclusion based or 
related experiments had previously beer 
reached by Kolb ef al., who obtained. 
fragments with the CAP-binding site at — 
different locations relative to the fragment 
ends from many different control regions 
of E. coli'®. By extrapolating their mobility 
data, Wu and Crothers map the CAP- 
induced bend to a point within the CAP- 
binding site that is several bases towards 
the promoter from the binding site centre 
of symmetry. This raises the possibility that — 
CAP acts to promote transcription byo 
stabilizing an altered DNA conformation 
which may be favoured by RNA 
polymerase. | 
Turning to the paper of Frederick etal; 
on page 327, one is presented with the 
striking results of the first X-ray dif. 
fraction structure of a complex of protei 
and DNA?; the results bear directly on t 
issues of sequence-specific recognition an 
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‘GCGCTTAAGCGCT 
iat sequence contains the recognition 
quence for EcoRI, GAATTC, and is 
Closely related to the dodecamer studied by 
Dickerson and colleagues'’. Frederick et 
find that the protein-bound DNA has 


Several unusual features, including three | 


_. kinks. One kink (the ‘neo-1’ kink) is in the 
centre of the DNA molecule, on the dyad 
Symmetry axis, and represents a torsional 
dislocation between two segments of 
-< B-form DNA. One can think of this kink as 
being generated in two steps: first, the 
_ DNA is unwound by 25° between the base 
~ = pairs to either side of the kink, then the 
_... DNA is bent 12° into the minor groove. 
_. This is the mechanism of kinking postu- 
_- lated by Crick and Klug’ in their kinked- 
helix model, but the present neo-1 kink 


& differs from the Crick—Klug kink by 


-restricting itself to a modest 12° bend, 

rather than taking advantage of the full 
_ 100° bend that model-building suggests is 
= Lavailable. In the complex with EcoRI, the 
< w0-1 kink is required to widen the major 
groove, facilitating access to the bases and 
- allowing an extensive complementary 
-interface with the protein dimer. 
~ The other two kinks (‘neo-2 kinks’) 
_ differ from the neo-1 kink, but are identical 
to each other because they occupy 
equivalent positions about the complex’s 
dyad axis. The neo-2 kinks separate the ter- 
minal (T)CGC blocks from the central 
GAA blocks and are produced in a 
different way from the neo-1 kink. They 
lack noticeable unwinding; a base-roll 
ito the minor groove produces a bend of 
3°. While the central GAA blocks appear 
to be B-like, the terminal (T)CGC blocks 

















hat the neo-2 kink may arise from the join- 
ing of these two different DNA confor- 
ational blocks. It should be noted that in. 
a previous model-building study, Selsing et 





< stereochemically acceptable A-B junction 
Of the sort proposed here. Selsing et al. 
found it necessary to have at least one inter- 
. vening base pair separating orthodox 
-< A-and B-form regions. A better under- 
<o Standing of the neo-2 kink must await 
-determination of the atomic positions of 
_  thebase pairs involved. 


A final striking feature of the EcoRI~_ 


= -DNA complex concerns the effects of 
_. DNA sequences flanking the enzyme’s 
recognition sequence, GAATTC. Dif- 
ferent flanking sequences are known to 
_ influence the hydrolysis rate by an order of 
magnitude !?. Surprisingly, therefore, 
_ Frederick et al. see no contacts between 
_ EcoRI and DNA bases outside the recog- 
nition sequence; only the backbone 













hat the flanking sequences may affect 
nzyme activity by changing the confor- 


a DNA backbone conformations, for which 
the enzyme may have different affinities. 


appear to be A-like. Frederick et al. suggest | 


al.'® found that they could not build a | 


appears to be contacted. They conclude | 


mational free energy oftl the neo-2 kink or rof | 





- NEWS AND VIEWS, 


One must be aware that EcoRI is a 
hydrolytic enzyme, whose function isto cut 
the DNA chain between the bases G and A 
in the sequence GAATTC. The site of 


cleavage is only 1 bp away from the neo-2 


kink and 2 bp away from the neo-1 kink. 
Presumably the enzyme acts by stabilizing 
a transition state in which the G-A 
backbone has an increased lability to 
hydrolysis. It is feasible that either the 
neo-2 kink or the neo-1 kink may 
destabilize the G-A backbone bond, and 
indeed this may turn out to be the raison 
d’être of the neo-2 kink. This does not 
detract from the important conclusion that 
for both CAP and EcoRI, and probably 
many other proteins, dramatically altered 
DNA structures will be important features 
in the DNA-protein complexes. 

Taken together, the new studies of 
K-DNA and of CAP~DNA and EcoRI- 
DNA complexes show that the structure 
and function of a DNA molecule can be 
affected in important and unexpected ways 
both by the DNA sequence itself and by the 


Z-DNA: the acid test 





interaction of specific proteins: with 
DNA. These results suggest that alteri = 
DNA conformations are likely to play an 
important part in DNA packaging and in 
the sequence-specific recognition of DNA 
by proteins. C 
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| ACID treatment of polytene chromosomes of Drosophila before their exposure to an 

| antibody against Z- DNA resulted in these striking immunofluorescent micrographs. A | 
phase-contrast image of an isolated chromosome (B) allows its bands to be clearly 

| identified and makes obvious that Z-DNA is associated with them, both in an acid- 
treated isolated chromosome (A) and in a ‘squash preparation’ of a chromosome 
prepared after acid fixation of the salivary gland (C). In less acid conditions, far less 


Z-DNA is apparent and it is confined to the periphery of the bands; acid treatment, by 


‘Stripping proteins from the DNA and by protonating its bases, may both expose | ; 


‘c’ denotes centromere, 


masked Z-DNA and induce the transition of B-DNA to Z-DNA. The lines connect | . 
| ‘r’ the right-hand end of 
a : and the dite renreeents 10 ia. From n Robert Nicoud M.e 

















from P Stewart 


WHEREAS the mathematical discipline of 
Number Theory deals with properties of 
=whole numbers, that of Analysis is con- 
_.eerned with the continuous properties of 
“real and complex numbers. Despite this 


_ difference, Bernhard Riemann, in 1859, 


discovered profound connections between 
«the two, leading to what is now known as 
Analytic. Number Theory. Riemann de- 
veloped a theory of the zeta function, 
defined for real s>iby 
O = US + 2 4 3-8 +, 

and for ee s by analytical 
- continuation, and showed how it could be 
-used to study the distribution of prime 
- numbers (Monatsber. Akad. Berlin, 671; 
1859). In particular, the number of primes 

in a given interval could be estimated pro- 
= vided enough was known about the zeros 
of the zeta function: values s such that 
€(s) = 0. There are some relatively obvious 
zeros ats = -2, ~ 4, -6, ... . Riemann 
conjectured that all the remaining zeros lie 
on the complex lines = 1⁄4 + iy where y is 
real. This, the Riemann Hypothesis, if 
- true, has extensive repercussions — not all 
within Number Theory. It remains an intri- 


Astronomy 


guing and important unsolved problem. 
Computer calculations, based on vari- 
ous known features of the zeta function, 
have shown that Riemann’s hypothesis 
holds good for the first 320 million zeros 
(Edwards, H.M. Riemann’s Zeta 
Function, Academic, New York; 1974). 
This would appear to be strong evidence in 
favour of the hypothesis — but is it? An 
analogous question is illuminating. In 1885 
T.J. Stieltjes came up with a different 
conjecture which would, if true, imply the 
Riemann Hypothesis (C. r. hebd. Seanc. 
Acad. Sci., 
posed again by F. Mertens in 1897, after 
whom it is now named (Sber. preuss. 
Akad. Wiss. 106, 761). It can be stated as 
follows. For any integer n, let M(n) be the 
difference between the number of integers 
less than n that are products of an even 
number of distinct primes and the number 


that are products of an odd number of | 


primes. The Mertens Conjecture is that 
M(n) < yn for n >1. For example when 
Vn = 16 there are five numbers in the ‘even’ 
case (1,6,10,14,15) and six ‘odd’ 
(2,3,5,7,11,13), so M16) = 1 which is cer- 


IRAS circular 11 


THE sources in this circular all have a firm 
detection at 60 um, are at least 20° away from the 
. galactic plane and have continua representative 
of ‘warm’ galaxies. Each search box has been 
inspected on SERC/ESO Schmidt survey plates 
or on National Geographic/Palomar Schmidt 
‘plates, and contains an obvious candidate, in 


Source RA 
IRAS h min 5 


Flux density (Jy) 


most cases a galaxy. Selection of sources and the 


optical search were done by G.K. Miley and 


M.H.K. de Grijp, Sterrewacht Leiden, The 
Netherlands. Source names derived as before; 
see Nature 309, 480; 1983. Position is given at 
equinox 1950.0. Measurements were made 


between epochs 1983.1 and 1983.9. In the table, | 


Paris 101, 368). It was pro- 


Source RA 
25pm 60m TRAS h min 


Despite the a a ve 


evidence i in its aig it has r 


which the conjecture fails. The first Ree 
is no larger than 10 to the power 10 to the 
power 70 (or thereabouts), an order of 
magnitude totally inaccessible to direct“ 


computation. It is possible that an explicit 


calculation of the actual ‘bad’ values 
would not be an improvement on t 
demonstration that they must exist; = 
The Riemann Hypothesis is unaffected 
by this result: it is still unsolved. Exper 
have long felt that to prove it by way of the 
Mertens Conjecture would be ‘too easy 
and their suspicions are now vindicate 
Meanwhile, if the first 10 billion numb: 
are conspiring to mislead us about t 
Mertens Conjecture, what faith can 
place on a mere 320 million in favour of t 
Riemann Hypothesis? | 


University of Warwick and currently a visitin 
Professor at the University of Houston, Texas 
77004. 


a m denotes arc min. 

Also now available, but not to be published in 
Nature is IRAS circular 10 which lists 179 
sources selected fromthe IRAS minisurvey ofan 
area of approximately 300 square degree: 
between 9 and 16 February 1983 (see Rowan- 
Robinson et al. Astrophys. J. Lett, 278, LI; 
1984). The sources satisfied the criteria of bein 
more than 20° away from the galactic pl 


reproducible on successive scans and with 


signal-to-noise ratio of greater than 9:1 in at 
least one of the wavelength bands. j 


Flux density (Jy) 


S I2pm 2pm 60m 100 pm 


0425 —072P11 
0425 —046P1 1 
. 0428 -097P11 
- 0432—143PI1 
< 0438 -084P11 
0450~032PI1 


o 0450~184P11 


9809 —024P1 1 
0313 —235P11 
0521 —122P11 


0531+ 206PI1 
50556 —-348PI1 


- 0611 ~326P11 


` 1036- 190P11 

1051 -273P11 
1105-115P11 
1119+045P11 
1121- 281P11 
1246- 111P11 
1249— 131P] 
1304 —234P11 
1305 -241 P11 
1315—098P11 
1316— 242P11 


04 25 22.2 


13 15 31.4 


13 16:493 


0.9 


1320 —342P11 
1329 +022P1! 
133i -301i P1] 
1331 —234P11 
1331—2311 Pl 
1333 —340P11 
1354 —203P1! 
1356 — I88P1i 
1402 ~-316Pi1 
1404+012P1} 
1423 —L116P11 
1428 —030P1 
1431 ~326P11 
1444-219P11 
1458 — 222Pi] 
1509 -211P11 
1$24+007P11 
1548 —037P11 
1618 +068P11 
1832 —594P 11 
1833 -654P11 


1840~624P11 
` 1844 =532P1 


1919-421P11 
1955 ~ 140P11 


J: 1958 —183P11 
JIo = 2037—383P1 


13 20 44.8 
13 29 19.7 
13 31 28.9 
13 31 51.2 
13 31 56.4 
13 33 01.8 
13 34 33.1 
13 56 16.2 
14 02 09.7 
14 04 04.9 
14 23 27.8 
14 28 51.4 
14 31 42.8 
14 44 35.4 
14 58 56.7 
15 09 06.6 


15 24 04.5 


15 48 03.4 
16 18 30.1 


18 32.328 


18 33 21.8. 


18 40 079 © 62 25° 


18 44 147 Pad 
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The Dianei Airon cal Satellite (IRAS) has provided an all-sky survey at wavelengths between 
2 and 100 um. The satellite also detected fast-moving objects in the Solar System, including new 
comets and Earth-crossing asteroids, one of which may be an extinct cometary nucleus. E 


THE first satellite dedicated to astronomical observations at IR 
wavelengths, the US/Netherlands/UK Infrared Astronomical 
satellite (IRAS), was launched on 26 January 1983. The IRAS 
mission was intended to provide a highly reliable all- sky survey 
n four wavelength bands centred on 12, 24, 60 and 100 um (refs 
1-4) (These are usually described as bands I, H, IH, IV respec- 
(..tively.) The satellite was also able to detect and identify fast- 
oving objects within the Solar System. In this paper we review 
he search procedures applied to FRAS data, and the consequent 
discovery of several new comets and asteroids. 


Search strategy 


‘The IRAS survey objectives of high reliability and completeness 
were achieved by repeated detections in each wavelength band. 
The detector layout in the focal plane, when combined with 
wverlapping and repeated scans, allowed the positions of sources 
) be confirmed on time scales of seconds, hours and weeks, 
This process of repeated confirmation also provides a means of 
tecting moving objects, as sources which do not repeat at the 
e celestial coordinates are rejected by the processing soft- 
e at the ground station. (It should be emphasized that the 
imation process is based on positional agreement, and not 
comparisons between detections: so fixed, but variable, 
ources are not rejected.) 
>The sources which were not confirmed during the survey may 
be divided into three groups. 
(1) Seconds confirmation failures. These include objects near 
to the spacecraft, such as Earth satellites, space debris and 
material evolved from IRAS; but most seconds confirmation 
failures are attributable to radiation hits on the detectors. 
2) Hours confirmation failures. These include Solar System 
bjects moving across the sky at more than ~1 arc minh”! (for 
xample, some comets, some main-belt asteroids and most 
rth-crossing asteroids). _ 
3) Weeks confirmation failures. These include slow- -moving 
Solar System objects (such as distant asteroids, comets and 


: -Note that large numbers of detections in band II only, 
appeared to pass the seconds confirmation test. Examination of 
the raw data for these detections showed no evidence for the 
presence of a point source. These apparently spurious point 
sources should probably be attributed to fluctuations in the 
se IR background. Chance pairings of these spurious 
es were Output as possible asteroid candidates. They rep- 
ented by far the largest group of sources processed by the 
ving-object software and seriously hindered the search for 
nt asteroids. 
Data from IRAS were transmitted. to the Preliminary Analysis 
acility (PAF) at the Rutherford Appleton Laboratory in the 


, where examination was anonra to ) seconds and cae 


pass both seconds and hours confirmation will not be iana 
until analysis i is completed at SDAS. Owing to the unavoidable 
delay in carrying out this analysis, recovery and identification 
of the many new objects to be found will hardly be possibl 
To exploit the potential of IRAS for detecting inner Sol 

System objects—especially those of low visible, but. high If 
brightness—appropriate software was developed. An objec 
detected using this software may be described as a ‘fast-moving 
object’ (FMO). All sources which passed the seconds, but no 
the hours, confirmation tests were passed to this FMO detection’ 
software. l 


FMO detection software 


The first selection process applied to seconds-confirmed, but 
hours-failed, sources was based on flux ratios. This was followed 
by a search for correlations between two comparable detections 
to provide information on the speed and direction of motion or 
the source. 

The band I/band II and band II/band IH flux ratios piesa 
an indication of temperature, and were tested for all multiple- 
band, non-hours-confirmed detections. To allow for uncertaint- 
ies in the PAF detector calibrations, these tests were set to pass ` 
all sources which gave indicated temperatures between 100 and_ 
400 K. These limits were wide enough to ensure that no true- 
inner Solar System objects were accidentally rejected. Due to. 
source confusion near the galactic plane (which caused many 
fixed sources to fail hours confirmation), a galactic latitude limit _ 
was applied. Objects nearer to the galactic plane than +5° were 
rejected. ; 

One consequence of the hours-confirmation strategy (an ove: 
lap of half the array on successive orbits) is that a moving obje 
will be observed as two separate non-hours-confirmed detec- 
tions, if, after one orbit (100 min): (1) it moves more than the 
position errors due to detector size, and so on, involved in 
defining ‘hours confirmation’; (2) it stays within the lai a 
field of view. 


The minimum motion limit depends on the direction of motion- 


and the number of bands in which the object is detected. In the ~ 
in-scan direction (approximately along a line of ecliptic longi- 
tude), the detector width (for bands I and ID of 0.75 are min 
and the satellite scan rate of 3.85 arc min s' allow motions of © 
~0.3 arc min per orbit (0.18 arc min h~') to be recognized. The 
cross-scan length of the band I and II detectors is 4.5 arc min, : 
but improved resolution is obtained from the offset arrays“ 
Sources detected in more than one wavelength band therefor 
have more accurately defined positions: thus, smaller motions 


can be resolved for multiple-band sources. The smallest cross- 
scan motion which could be recognized was | arc min per oroit 
(0.6 arc min h™'). 


The maximum motion which allows the object to remain in 
the 30-arc ı min field of view f he ES pha criticall 





No. of | | 
detections Date RA 
19h 06min 

09 17 

0l 22 

1} 03 

ii 57 
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0I 25 
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Candidate 


180-1 
214-1 
308-1 
315-2 
333-1 
e 3341 
By e BASE 


Ne 


hh he ba ba Bo le BO 


10 55 
i September 12 34 


ba tae 


23 August 03 32 
12 September 03 54 
25 August 03 28. 
31 August 02 44 
21 September 16 42 


1] October i7 


| November 
10 November 


Magnitude Observation. 
9 Comet IRAS-Araki 
17 Comet IRAS 1983f 
is a i 
18 Possible main belt a 
18 Comet IRAS 1983k 
No object <18 mag > 
No visible objects <18 mag 
ie omet Tempel 2 IR tail : 
Possible Apollo asteroid ébserved: at 
Palomar-——lost > 
Comet IRAS 19830 Recovered from 
ephemeris based on IRAS observa- 
tions og 
1983 QF main belt asteroid 


No object <18 mag 

1983 QG main belt asteroid 

Close to new comet Kowal- YAVLOVA | 
No object seen 

135 1983. TB. Apollo isterdi 

comet. Parent body for Gemini 
meteor stream. Smallest known peri 
helion distance 

1983 VA. Apollo asteroid | 

Comet Hae IRAS 983v 


E ‘Candidate moving objects were labelled according to the Spacecraft Operating Program (SOP) during which’ they were. detected together wit 
srgusnnat number within that SOP. Thus IRAS 180-1 was the first moving object alert originating from detections in SOP 180. : 


orbit under certain circumstances (that is the first detection is 
on the trailing edge of the array; the second detection is at the 
leading edge of the array). For the case with retrograde motion 
-the limit is 15 are min, but it will normally be less. 
To minimize chance pairing of sources and to restrict motions 
) a limit which allowed a reasonable chance of recovery using 
chmidt telescopes, the FMO detection software inter-compared 
all non-hours confirming sources within a search box of specified 
size. This search box was set throughout the mission to compare 
all sources within 25 arc min, both in right ascension and decli- 
` nation. Flux comparison tests were applied to pairs of sources 
separated by one or two orbits which satisfied these motion 
criteria. To allow for observational errors and possible rotational 
ght-curve variations, flux differences were accepted up to a 
tor of 6.5 (that is, two magnitudes). All pairs of sources which 
passed the above tests were output by the software for individual 
entification. This checking eliminated known asteroids and 
ymets (by comparison with daily ephemerides) and source 
confusion due to extended sources, such as dark nebulae (by 
examination of sky survey plates). Single detections of fixed 
sources which had ‘leaked’ into the software (for example, those 
awaiting confirmation on subsequent scans and which had been 
paired by chance) were also identified at this stage. Candidate 
moving objects which remained unidentified were communi- 
cated, together with an estimated visual magnitude based on 
‘the IR fluxes, to cooperating observatories with wide-field 
: cameras for optical confirmation. 
‘The program was first run using IRAS data on 11 February 
783, and, by the end of the month, known main-belt asteroids 
“were being identified. Altogether, 37 alerts were sent to cooperat- 
-ing observatories, of which 17 were not searched for due to 
unfavourable position, bright moon, or bad weather. The alerts 
for which observations were attempted are summarized in Table 
Further details of some strong unobserved or unconfirmed 
\didates are given in Table 2 for the information of observers 
ho may have exposed plates near to these objects. 


RAS | comets 


published ephemerides; data for these are also given in Tabl 
3. The new comets cover a range of inclinations, perihel 
distances, and so on, and include both long- and short-peri 
objects. There is a notable tendency for detection to occur < 
southerly latitudes, but this is more likely to be an effect of th 
IRAS survey strategy than an indication of the true distributio 
of cometary orbits. Although it will be necessary to carry out a 
detailed statistical study to be sure, it is not apparent on an 
initial examination that comets detected by IRAS have sig 
nificantly different orbital characteristics from comets detected. 
by observations in the visible. l 
In terms of individual characteristics, the first comet deieced 
by IRAS (IRAS-Araki-Alcock) was notable because it pass 
close to the Earth shortly after its discovery, and so was studied. 
in detail both by IRAS and by ground-based observers*7!!. 
Dynamically, comets 1983} and 1983v are more interesti 
These are short-period comets with inclinations to the eclip 
> 45°. Only one of the previously known short-period comet 
passing perihelion between 1982 and the end of the century 
(Comet Tuttle) has an inclination of this amount'*. In fact, 
Comet 1983v is the only short-period comet with an orbit neari 
perpendicular to the ecliptic: it also has the shortest kno 


period for a comet with a retrograde orbit. The question raised 
by these comets concerns their origin. Assuming that short- | 
period comets are brought about by planetary capture, this can 
only have occurred when the comets were near the ecliptic plane. 
For Comet 1983] this is reasonable, because its aphelion distance: x 


is very close to the orbit of Saturn. > 
Comet 19830 was detected by IRAS on 27 July, but was not 
then recovered by ground-based telescopes. A subsequent IRAS 
detection on | September was recognized, from its IR fluxes, 
being a second identification. of the same object. An ephem 
based on the two positional. measurements was then. used 
recover the comet from the ground'*. This seems to be the 
occasion on which a comet has been discovered and 
ephemeris allowing recovery calculated purely ¢ on the bas i 


3 e observations. 





08h 40.12min - 
08 40.96 

09 46.75 

a 749 09 46.88 
5496.11716 12 03.01 
-5496.545680 12 03.34 
 $516.94787 12 21.97 
5517.01959 12 22.11 
5512.79523 13 00.91 
5512.86679 13 00.90 
5537.3104] O1 42.46 
5537,38196 Ol 42.49 
$541.93416 14 02.64 
5542.00585 14 02.30 
5573.99831 14 12.92 
5574,06992 14 13.20 
$574.85718 14 17.48 
5574.92879 14 17.76 
5603.76624 17 04.34 
5603.83779 17 05.42 
5603.90933 17 06.66 
5603.98088 17 07.64 
5603.05242 17 08.80 
5648.45677 09 29,15 
5648.5283] 09 29.12 
5654.46718 10 07.74 
5654.53878 10 09.23 


Dec Magnitude Probable nature 
05° 28.30' 15 
05 26.10 

—12 54.90 17 

54.20 
00.10 16 
55.00 
48.80 
47.60 
51.20 
50.50 
13.50 
12.90 
22.00 
30,70 
38.00 
40.50 
01.90 
03.90 
15.40 
25.60 
35.80 
45.90 
55.90 
12.20 
11.20 
09.00 
18.20 


_ Asteroid 
Comet 
Asteroid 


Asteroid. oe 


Apollo asteroi 


Apollo asteroid” 


. Asteroid 


Apollo asteroid 


* Discovered during post-mission processing and not communicated to observatories. 


Table 3 Orbits for IRAS comet discoveries 


Longitude 
Argument of 


Perihelion time 
21.2529 May 1983 
19.0304 January. 1983 

23:8021 August 1983 
2.7224 May 1983 


28.0267 November 1983 — 


8.5225 January 1984 


F, its independently: réce ver 
_ 7.8035 April 198 


Perihelion 


distance 
{AU} 


0.991341 
1.416483 
1696830 
2.418226 
2.254646 


4253991 


1.381404 
1.491120 
1.576273 
3.317031 


Eccentricity 


6.990113 
1.0 
0.695573 
1.0 
1.0 
0.836976 


0.634714 
0.544893 
0.520897 
0,344543 
t.0 


Period 


(yr) 
1004 


of 
perihelion 
(deg) 


192.8439 
227 0690 
356.8916 
265.5959 
333.9918 

46.9272 


172.3194 
190,9226 
179.0424 
162.8143 


ascending 
node 
(deg) 


48.4053 
118.9254 
357.1602 
171.1037 
290.5600 

0.7738 


92.7481 
119.1579 
68.3278 
120.3074 


inclination 


{deg} 


73,2495 
152.1948 
46.1799 
138.8392 
120.7447 
95.7675 


22.3081 
12.4375 
10.3533 

4.7245 


Epach 
26 May 1983 


14 August 1983 


15 April 1983 
25 May 1983 

4 July 1983 

13 August 1983 


Ref. . 


Marsden (19833 MPC 8272. 

Marsden (1983) MPE BOST 
Marsden (1983) MPE 8386 A ; 
Marsden (1983) TAUC 3925 


Marsden (1983) MPC 8272 > 


Marsden (1983) MPC 8387 


186. 15198 208.87845 134.69904 Marsden (1983) MPC 8139 


af reaching perihelion j in 1983, which may have been detectable by FMO software, were not recovered. These are: Comet Gunn 1969 H: Comet Johnson 1949 H; Co 
961 I: Comet. ‘Schwassman-Wachmann (D 1925 Ik: Comet Bowell-Skiff 1983c*: Comet Shoemaker 1983p; Comet Russell (3) 19831; Comet Sugano-—Saigusa~Fujikawa 19B3e,- 
SOHONS are attributable. either to motions below the PMO detection threshold, ar to the faintness of the object. The exception is Comet 1983e, which was both fast moving and very. exten 
nstance, the comet may not have been scanned by IRAS, or have been recognised as a point source. 


sens as a moving hours-confirmed source at SDAS. 


sly depends on the gas-to-dust ratio, as the IR emission 
from the heated dust. A dusty comet could be detected 
newhat fainter visible magnitudes, wherëäs a mainly gas- 
; comet would be visually brighter than the proposed limit. 
is we have noted, detection of comets is limited not only by 
ghtness, but by motion. Thus Comet 1983t was probably not 
cted by the FMO software. There has been some confusion 
his point as an ambiguous IRAS detection led to a ground- 
xd observation of the comet. However, this was probably a 
idence: not only was the comet of visual magnitude 18 at 
me, but its motion (41 arcs h` t was then below the detec- 
hreshold of the FMO software. 
here may well be other comets brighter than M,=17 with 
ns below | arc min h™' in the IRAS database. These were 
a Seeded by the O software because they paneo the 


These were wide enough to encompass all the comet detection 
except IRAS- Àraki-Alcock (whose proximity to Earth resulted: 
in a significantly higher effective temperature). It might therefor 
appear that moving objects, which are recognized as essentially 
point sources by IRAS, cannot be separated into comets and 
asteroids: this has to be done by ground-based observation. In 
fact, the two classes of objects actually can be distinguished b 
examination of the unprocessed detector output. As comets ar 
extended sources, the profile of a detection in the in-scan dir 
tion is wider than that of a point source. In the cross-sc 
direction, detectors adjacent to those along the nominal sour 
track may show evidence of a signal, revealing an angular siz 
greater than that of a single detector element. This test w 
successfully applied to Comet 1983f, which was the faintest o 
the IRAS comets. 
_. .Note that almost all moving, three-band sources detected b 
A EMO software were identinies as known main-belt asteroids 
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This should also be done for apparently spurious sources detec- 
ted during IRAS additional observations: we urge IRAS AO 
observers to bear this possibility in mind when examining their 
data. 

-IR tail of comet Tempel-2 

_ During the period 12-18 July, the FMO software detected about 
50 faint, seconds-confirmed sources, having a signal-to-noise 
ratio of ~5 in the IRAS 25 jim band. These sources seemed to 
be related to the periodic comet Tempel-2. Figure | shows a 
sample of the detections together with the position of the Tem- 
pel-2 nucleus at the times corresponding to their detection. Note 
that the IRAS scan crosses the tail almost at right angles. With 
he ~1° day”! progression of the IRAS scan, several days were 
equired to build up a full picture of these features (see Fig. 1). 

That they represented sections through a continuous tail was 
verified during the repeat survey scans for weeks confirmation 
(22-27 July). These showed features in a similar sequence rela- 
tive to the comet (which had, of course, moved relative to the 
Stars during the intervening period). An examination of the raw 
data subsequently indicated that the tail was recorded by all 
band II detectors across the focal plane. Only the most sensitive 
of these registered a signal-to-noise ratio > 5, the PAF processing 
hreshold. 

The width of the Tempel-2 tail was found to be ~4 arc min, 

though its angular length was ~10°. This clearly represents 
an unusually high aspect ratio. The position of the tail was 
assed to ground observers, but no optical detection was repor- 
d (although a 4 arc min tail was reported by a visual observer'’). 

‘No similar feature was detected for any of the other comets 
observed by IRAS. Analysis is under way to determine whether 
e detection was an effect of optical depth due to the proximity 
of the Earth to the comet's orbital plane, or whether it was due 
to an outburst of material in the days preceding the IRAS 
detection. 





Earth-crossing asteroids 


It was expected that Earth-approaching asteroids (Apollo 
asteroids) would dominate the objects discovered by the FMO 
software. However, as indicated in Table 4, only two IRAS FMO 


Table 4 Orbital elements of asteroids discovered by IRAS 
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candidates have been optically confirmed as new Apollo ob 
In addition, the software independently discovered Ap 
asteroid 2201 Oljato, whilst another strong candidate GR 
487-1) was not optically recovered. 
The small number of detections compared with pre- Jauh 
predictions can be attributed to a variety of factors. In particul: 
the predictions were based on an estimate of the sensitivity in 
the 12-um band which proved overoptimistic by approximate 
a factor of two. In addition, the diffuse 25-um background 
especially near the ecliptic plane, made identification based only 
on 25-um detections very uncertain. It should be added th: 
towards the end of the mission, the scan strategy was chang 
from coverage of lunes (areas bounded by lines of. long 
60° apart) to scans over the ecliptic poles, resulting in great 
sky coverage at high ecliptic latitudes. 
Detection of Earth-crossing asteroids also depends criticall: 
on their motion. Thus, Apollo asteroid 1620 Geographos wa: 
seen only once, and asteroid 1983LC escaped detection totally 
because their motions were of the same order as the width o! 
the IRAS scan, but in the opposite direction to that in whict 
the orbital overlap advanced. This allowed them to cross the 
scanned region between successive IRAS orbits. Conversel 
objects whose motions were approximately coincident in dir 
tion with the scan advance were detected on several succes: 
orbits, for example 2201 Oljato (six detections), IRAS i 
(five detections), 1983TB (seven detections). ni 
As shown in Table 4, the orbital elements of 1983TB 
similar to the mean orbital elements of the Geminid meteors? 
The implication is that 1983TB could be the progenitor o 
Geminids'’, and may therefore represent a decayed, or inact 
cometary nucleus. No evidence of cometary activity was rep 
ted by ground observers, and the source appeared point-liké in 
the IRAS data. The Geminids differ from most meteor showe 
in the apparently higher mean density of the particles. Hence 
we may be seeing here an unusual type of meteor source. 


Conclusions 


The IRAS mission has provided an all-sky IR survey one ha 
detailed pointing history. The analysis now in progress will allow 
an estimate to be made of the detectable population of cometi 























Longitude 
Argument of 
of ascending Mean 
„Absolute Mean perihelion node Inclination distance 
Asteroid v megenuds Epoch | anomaly (deg) (deg) (deg) Eccentricity (AU) oo Ref. | 
(25 3 September 83 323.52 277.46 167.34 22.66 0.2164.: 2.6909 Marsden (1983) MPC* 8 

14.5 27 October 84 98.80 279.55 80.24 14.30 0.3463 ` 2.6430- Marsden (1984) 5 

16.0 27 October 84 290.30 321.69 265.03 22.04 0.8903 - 1.2715 Marsden (198 

_ — = 324.8 260.6 23.6 0.896 135 


LP. Wi 














2 November 83 349.26  1L74 76.94 16.20 





0.6888 


nh. 


positional accuracy of TRA: detections depended on. 
mber. of bands in which an object was observed. The 


acy proved adequate for approximate ephemeris calcula- 
rough unsuitable for accurate orbit determination. 
here is no evidence for a significant population of undis- 
vered main belt-asteroids at high ecliptic latitudes, at least 
ongst those having visual magnitudes brighter than 16 and 
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(4): Asteroids and. comets are both id 


maniacs <17, E 


tified by PAF as 
sources. The two types can, however, be distinguished by- refe 
ing back to the raw data where these are available. 
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Interaction of small and extended defects 
in nonstoichiometric oxides 
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ERAT mAh tated Nth ete tet NA ATARI an anA Sante RAYE Yr HAMMAM ERIE VAEA te Hoe hones her reed arena mr 


ses. : of the’ extrinsic candy or intrinsic nature of extended defects in nonstoichiometric titanium and tungsten oxides are 
“by drawing Burgers’ circuits directly onto high-resolution electron micrographs. The essentially interstitial and/o 
ncy nature of the small defects responsible for the phases TiO,_,. and WO;_, , which exist above the extended defec 
yitation i may then be implied. Images suggesting a partial wall of anion vacancy defects have also bee 


iSIDERABLE uncertainty and controversy surrounds the 
ature of the small defects responsible for the nonstoichiometric 
s TiO}, and WO,_, (refs 1, 2). Thermodynamic studies** 
hysical property measurements (such as electrical conduc- 
$} are interpreted traditionally in terms of point defect 
ures; namely, singly- or doubly-ionized oxygen vacancies 

ion interstitials. Mechanisms of aggregation or interaction 
mall defects to precipitate as extended defects have been 

sd for both oxide systems”*, but it has always seemed 
ssible to conceive of alternative or competing mechanisms; 
based essentially on charge-compensated oxygen vacan- 
=° and one based on electrostatically neutral linear cationic 
nterstitial defects™*. We show here that whether crystallographic 
sar planes (CSP) grow by aggregation of interstitial and/or 
ancy defects can be established by determining the extrinsic 
intrinsic nature of the partial dislocation bounding the CSP, 
evealed by drawing Burgers’ circuits directly onto high 
ution micrographs. This represents one approach to deter- 

8 the nature of the small defects. 


=< resolution electron microscope (HREM) studies of- 


and WO,.., have recently established structural features 


ere overlooked by earlier lower resolution studies. In the | 
igh x ee Po A 


yaeduced rutile, ee 


aa vIn WO... xs : | 
= observed: 


CSP'*'*, pentagonal bipyramidal columns (PC)'®'> an 


hexagonal tunnels (HTB)'*. These phenomena were all con 
sistent with new linear interstitial cationic defect models, derived 
to explain the structure of the small defects in TiO,_, (refs 7, 9). 


Experiments 


High-resolution images were obtained with the Cambridge Uni- 
versity 600-kV HREM”. As this microscope has an interpretable 
resolution limit of better than 2 A, cation arrangements along E 
CSP can be read directly for appropriately focused images of ` 
sufficiently thin crystals’. Figures la, b show examples for a `: 
[111] specimen of (Ti, Cr)O, o, and a [100]... specimen of. 
(W, Nb)O3> 933 respectively. (Further details of specimen prepar- 
ations and imaging conditions are given in ref 19. Indices without 
subscripts refer to rutile whereas those subscripted pc refer to. 
pseudocubic axes of WO,_..) Disorder within the CSP is readily | 
visible in TiO)... (Fig. la; see ref. 12 for structural interpreta- 
tions) and Fig. 1b shows evidence for split occupancy of one 
double-square tunnel (labelled S), corresponding to steps in CSP 
structure for WO.. (work in preparation). A 
Many CSP terminations have been imaged for specimens of s 
TiO, s956 (ref. 19) and (W, Nb)O; 433. In each case differences in 
a occurred so aar it became clear that there \ was no man 
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Fig. 1 a, 500-kV image of (Ti, Cr)O, o2, showing slightly disor- 
dered crystallographic shear planes (CSP). Inset shows the struc- 
tural model for ordered (374) CSP and the computer simulation. 
Note the sequence of occupied cation sites, which may be read off 
the image provided the disorder is not excessive. b, 500-kV image 
of (W, Nb)O. 93, showing a segment of (103),. CSP. The inset gives 
the octahedral representation, showing that tungsten (or Nb) cation 
positions are located readily by inspection of the image. 


> elements within the termination (Fig. 3). These two examples 
have been chosen for analysis here because of their relative 
simplicity; further variations, with structural interpretations, are 
` given in ref. 19. 
= kt was surprising that, for both systems, extended defects 
. occurred which exhibited approximately zero lattice translation, 
< corresponding to pairs of CSP in rutile (see ref. 19) and pairs 
of occi jal tunnels for tungsten oxide (Fig. 4). 










Fig. 2 500-kV image of TiO, oss (reduced at 1,323 K and cooled ©. 

slowly over | week in a dynamic vacuum of 107° torr)'' showing =>. 

termination of single (132) CSP. The inset shows Burgers’ circuit. 

analysis, with closure failure ~[035], establishing extrinsic nature 
for this CSP. 














Fig. 3 500-kV image showing termination of (103),. CSP within 

WO.,,. The location of the terminating half-plane (sight along arrow) | 

establishes the intrinsic nature of this CSP. The inset shows Burgers’ _ 
circuit analysis, with closure failure [350]... (see Fig. 2). 
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Fig. 4 500-kV image of (W, Nb)O- 33 showing two pairs of pen- 

tagonal bipyramidal columnar defects; occupied tunnel sites are 

located by comparison with the structural drawing, Burgers’ circuit 
shows zero lattice displacement. 


Burgers’ circuit analyses 










The geometrical operations for single CSP in TiO}, and WO, 
may be written (132)[033] or (100),.[350],. for extrinsic, and M 
(132)[034] or (100), [450],. for intrinsic defects respectively. A. 
convention is adopted that if the CSP. has indices. (Aki 
extrinsic and <0 for intrinsi P. In th > 
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Fig. 500-kV image of (W, Nb)O, 33 showing novel defect con- 
trast in WO, matrix between CSP (a), which may be interpreted 
- as a partial wall of oxygen vacancies aligned onto (100),,., premoni- 
tory to collapse and formation of a CSP (b). Some apparently 
_ Split-tungsten atom images indicate partial emptying of oxygen 
sites along projection axis (indicated in b). c, A structural model 
: for a single oxygen vacancy defect showing relaxation of two 

adjacent M°* cations into square pyramidal coordination. The 
| relaxation is estimated to be 20% of 3.8 A (=0.8 A). 


on contrast experiments gave [0, 0.45-0.45], assuming intrinsic 
P? and it is the difference between this and the alternative 
insic vector [0, 0.55, 0.55] that may be distinguished by direct 
aging of the termination. The principles of the Burgers’ circuit 
alysis may be seen by inspection of the drawings given with 
Figs 2, 3. Thus, starting the Burgers’ circuit in a region of perfect 
rystal, some distance from the defect, and returning to this 
icinity, having crossed the single CSP (Figs 2, 3) or circumnavi- 
gated the CSP pairs’? or pentagonal columns (Fig. 4), one finds 
that ‘a slab of crystal having thickness (hkl)-[uvw] has been 
dded for rutile (Fig. 2) but eliminated for tungsten oxide (Fig. 
for single CSP, but there is no lattice translation for the defect 


that the component of lattice translation parallel to the 
projection axis is half a lattice vector, for both CSP structures, 
and is zero for pentagonal columns. Otherwise it would be 
-necessary to image each defect in at least one other projection 
to measure a third component of the Burgers’ vector. 

_ Discussion io | 

It is remarkable that TiO; and WO,_, yield opposite charac- 
teristics for the terminations of single CSP, implying that the 
nature of the small defects should be essentially cation interstitial 
-for TiO,.. and essentially oxygen vacancy for WO,_,. For 
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explains the structure and growth of CSP pairs™'’. Precipit: 
of pairs of occupied pentagonal columns in WO,_,. is 
consistent with oxygen vacancy defects®, but is explained re 
using a linear cationic defect model*'. Thus the Burgers’ circu 
shown in Fig. 4 contain two columns having occupancy -0 
O-M...,in addition to the host WO, structure. On the ot 
hand, the presence of single intrinsic CSP in WO;_, implies 
oxygen vacancy defects. fe 
Strong evidence for the existence of oxygen defects in WO, 
was found inadvertently (Fig. 5a). This novel type of defect 
contrast was located close to the well-known CSP and PC 
features. Direct image interpretation on the basis of a structural 
drawing alone, as carried out above (see Figs 3, 4), seems justified 
although computer simulations will be used to provide further 
confirmation. Thus the occurrence of double-tunnel contrasts, 
aligned onto (100),., with displacements of adjacent black blobs _ 
(usually tungsten ion positions), may be interpreted (Fig. 5b) as. 
representing a partial wall of oxygen vacancies, accompanied 
by relaxation of adjacent cations (ideally Nb°* ions) into pairs 
of adjacent square pyramidal five-coordinated sites. This gives 
rise to a charge-compensated oxygen vacancy model (Fig. 
(In practice, at elevated temperatures Nb°* cations ma‘ 
expected to become detached from the vacancies, being re 
by W°*.) This last observation, together with further re 
preparation), imply that single CSP grow within W 
aggregation of oxygen vacancy defects, either feeding stepwis 
into existing CSP to be first forming partial walls of oxyg 
vacancies, premonitory to collapse and production of intrinsic 
CSP, bounded by a partial dislocation loop (see refs 21,22). — 
It would be foolish to claim that in either oxide system, there | 
is a unique CSP, or other extended defect, precipitation mechan- -` 
ism, or that there is only one small defect type in either non- — 
stoichiometric phase. Certainly, in the case of rutile, there | 
appears to be three regimes, where the small defect appears to ~ 
be predominantly interstitial, predominantly vacancy, or 
impurity controlled, respectively”°”. To date HREM analyses 
have been restricted to specimens cooled from within the inter- 
stitial regime. For WO,_, the present observations suggest that 
oxygen vacancy defects occur, but that interstitial defects may 
be required for precipitation of PC. It may be that the former 
occur predominantly on irradiation in the electron beam (see 
ref. 23) and that specimens cooled slowly across the phase. 
boundary will show evidence for CSP-pair precipitation’. | 





















































Conclusion 


The extrinsic or intrinsic nature of extended defects may be 
determined by drawing Burgers’ circuits onto HREM images. 
Such analyses may also yield, by implication, the nature of small 
defects existing within nonstoichiometric phases just befor 
precipitation. It seems unlikely that unique and reproducibl 
CSP partial dislocation structures occur in either TiOz., O 
WO3_.,, the structure of individual defects being dependent on 
the relative concentrations of different small defect types existing 
locally at the time of precipitation. Further attempts to obtain 
specimens and images from different regions spanning the non- 
stoichiometric phases are planned, but this will require even 
greater control of specimen preparation conditions than used 
so far, especially for WO;_. where the phase limits are poorly 
defined’, 3 
The work was supported by the SERC, the Australian 
Research Grants Committee and the University of Melbourne. 
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germ-line and the expressed variable-region gene. 





T LYMPHOCYTES have a variety of important roles in the 
immune system of higher organisms, including the direct killing 
of virally infected cells (cytotoxic T cells) and either amplifica- 
tion (helper T cells) or inhibition (suppressor T cells) of the 
response to antigen. In order for T cells to perform these func- 
tions, they require a receptor for antigen which allows them to 
istinguish ‘self’ from ‘non-self’. While the T-cell receptor 
pears similar to that of B cells (antibody) in that it is clonally 
stributed and has a wide range of specificities, it is functionally 
istinct in that it can only recognize antigen in association with 
| product of the major histocompatibility complex (MHC): the 
H-2 region in the mouse and the HLA region in man. Particular 
ubsets of T cells use different MHC molecules; cytotoxic T 
ells require class I molecules (H-2K, D, L in the mouse) and 
helper T cells require class I] molecules (H-2A and E in the 
-mouse). Any structural model of the T-cell receptors(s) must 
“explain how these types of T cell can recognize antigen only in 
conjunction with self-MHC, yet respond strongly to MHC deter- 
-minants from other individuals (alloreactivity) without previous 
exposure to these antigens, and how the ability to ‘learn’ self- 
“MHC occurs in the thymus, also independent of antigen. There 
are two major schools of thought which attempt to explain these 
henomena: the ‘one receptor’ hypotheses’ hold that T cells 
ecognize a complex of antigen plus MHC (‘altered self”) while 
he ‘two receptor’ models’ propose separate receptors for antigen 
‘and MHC (‘dual recognition’). Recent evidence from cloned 
T-cell lines and hybridomas strongly favours the view that the 
receptor(s) cannot recognize antigen or MHC independeay 
_although there are contradictory data from other sources” 
© Recently, Hedrick et al.’ isolated a cDNA clone (TM86) which 
is T cell-specific, localized on membrane-bound polysomes and 
systematically rearranged in a variety of T-cell lines and 
hybridomas. Sequence analysis of this and related cDNA clones 
(86T1, 86T3 and 86T5) indicates significant similarity to 
immunoglobulin variable and constant regions and an indepen- 
dently assorting 16-amino acid clement homologous to both 
heavy- and light-chain J regions’. Antisera raised against syn- 
. thetic peptide fragments of this molecule significantly inhibit 
© the in vitro response of certain T-helper (Tu) hybridomas (J. 
Rothbard et al, in preparation). Thus, it seems probable that 
these cDNAs encode one chain of the murine T-cell antigen 
receptor. Other workers'" recently isolated a cDNA clone from 
va human T-cell lymphoma line which appears to encode a closely 
lated molecule. To investigate the structure of the genes encod- 
g these molecules and the rearrangements that occur at the 
omic level during T-cell differentiation, we examined the 
eon cytochrome c-specific, H-2E-restricted Ty hybridoma, 
34 (ref. 11). A monoclonal antibody specific to this particular 
jas been isolated and shown to precipitate a 43,000 (43K)- 
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<A putative T-cell receptor gene was isolated from the DNA of the helper hybridoma, 2B4. Analysis of the sequence 

A components of this rearranged gene indicates the presence of separate variable (V), diversity (D) and joining (J) region 
elements analogous to those of heavy-chain immunoglobulins. These findings further support the belief that the products __ 
f this locus are involved in antigen recognition by T cells. There is no evidence of somatic mutation between the putative 


Sequence of a 2B4 cDNA clone 


A library of cDNA clones from 2B4 mRNA was constructed. as 
described elsewhere’? in the vector Agt-10 (ref. 15). Phage we 
screened with 8615, a cDNA clone largely containing constant 
region sequences of the putative receptor molecule’. Approxi 
mately 0.02% of the clones were positive, of which two distin 
types were evident: one of these derives from the fusion partn 
BW5147 and will be described elsewhere—the other type 
appears to be specific to the 2B4 hybridoma and the structure 
and sequence of a representative clone, p2B4. 71, is shown ir 
Fig. 1. The amino acid numbering system is that of the matur 
protein, assuming a signal peptide cleavage 19 amino acids from. 
the initiation condon” (by analogy to immunoglobulin), Unlike. 
the previously described murine cDNAs’, p2B4.71 possesses a 
complete 3’ end with a stop codon after amino acid 287 and a: 
3’-untranslated region of 174 nucleotides, pe with a poly(A) 
addition signal 17 nucleotides 5’ to the poly(A) tail. The 5’ end. 
is not complete as shown, but we were subsequently able to 
deduce the remaining variable region—leader polypep nde 
sequence from the genomic clones (see below). 7 

The amino-terminal portion of the constant region (amino 
acids 115-241) has only one nucleotide change (silent) at amin 
acid 201. However, after position 241, the nucleotide sequences 
diverge significantly (15%) (Fig. 1). Interestingly, the amino aci 
sequence is relatively unchanged (only four amino acid change 
result from 22 nucleotide changes). Although these differences 
could have been due to divergence between strains of mice in. 
a single gene (86T1 is from BALB/c and p2B4.71 is from B10.A), 
our recent data indicate that the constant regions of these cDNAs 
are derived from two different genes and that the regions o 
similarity and divergence are encoded in separate exons”. = 

Also interesting is the fact that the same J region used in: 
TM86 (ref. 9) appears again in the 2B4.71 sequence but joined EEI 
to a different variable region, further confirming the ability of 
these elements to assort independently of the variable regions: 
TM86 derives froma Tu hybridoma, 3.3T (ref.4), which responds. 
to a cytochrome c fragment different from that of 2B4, but using 
the same MHC backgrounds (B10.A (2R) for 3.3T and BIO.A | 
for 2B4). While the 5’ regions do not appear to be similar, it) 
may be significant that they share the same J region. In contraste 
to the TM86 fragment, the p2B4.71 variable region shows sig- 
nificant similarity to that of 86T1, which was obtained randomly ~ oe 
from a thymocyte library”. ‘Homologous residues are indicat d 
by asterisks in Fig. 1. In all, 31/90 (34%) residues in the porti 
of variable region shown are e identical; most of these are loc 
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‘library of ~200,000 recombinants 
was constructed as described'* using 
=i spoly(A)* cytoplasmic RNA from the 
“T-helper hybridoma, 2B4. The 
library was screened by standard 
“procedures and positive clones sub- 
loned into pUC9 (ref. 18) for further 
characterization. One such clone, 
p2B4.71, was sequenced using the 
) ocedures of Maxam and Gilbert? 
The sequencing strategy is shown in 
a. The sequence starts after the 
EcoRI linker site. Residues marked 
by asterisks are those homologous to 
























Fig. 1 Sequence of 2B4.71.A cDNA 
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Variable region 


* * & & * * 20 * + x 30 t t + i a 7 
ThrProarg?yrLeuVallLyet lyGinGl yGiniyadlaLyeMetArgc yal leProdluLyeGlyfteProvalva lPhefrpTyrGl nGindan ‘ye. 
ACTCCAAGATATCTGGTGAAAGSGCAAGGACAMAAAGCAAAGATGAGGTTATCCC TGARAAGGGACATCCAGTTGTATTCTGGTATCAACAAAAT AAGAR 


* 50 + * 60 žk x * > > * * . 80 


Aand LuPhel yePheLeul LeAanPheG indend inG luValLeuG inG ln! LeAapMet Thro lubyea rgPheSerdlat luC ysProSerdanSerProc yaSerleuGlul Leet: 
AATGAGTTTAAATTTTTGATTAACT T TCAGAATCAAGAAGT TCT TCAGCAAATAGACATGAC TGAAAAACGAT TCTCTGCTGAGTGTCCTTCAAACTCACC TTGCAGCCTAGAAAT TCA 


~~) Doing region Te Constant E 
110 120: 


SerSerGiualaGlyAapSerdlaleuTyrLeuCyed LaSerSerLeudanT rpSare LnAapThre int yrPheGlyProG? yThrdArgleuLeul al LeuG ludeplenArgAenv a 
TCCTCTGAGGCAGGAGAL TCAGCAC TGTACCTCTGTGCCAGCAGTCTGAAC TGGAGCCAAGACACCCAGTACTTTGGECCAGGCACTCGGC TCCTCGTGTTAGAGGATC TGAGAAATGT. 


> 130 140 150 + 
ThrProProlys¥ alSerLeuPheG luProSerLysdlatlul leAladanbyaG inLyeAlaThrleuValCysLeuAlad rgG LyPhePheProdsphiava Ulubeuser? “pT re 





w * 2 * * x * * 



































the variable regi on of 86T] _ Nucleo- ACTCCACCCAAGGTCTCCTTGTTTGAGCCATCAARAGCAGAGAT TSCAAACAAACAAAAGGCTACCC TCGTGTGC TTGGCCAGGEGCTTCTTCCCTGACCACGTGGAGC TGAGC GGT 


_ tides beneath the constant-region ValdenGlybyetluvaty Ae hraspP tat yrl Pies p? : gqatSerdiathrPhef: 
eee 7. D : a yLyat luvaldteSeGlwalSerThraspProadindtaTyrLya erdanTyrSert yr yeleuSerSerdrgLewargy aiser. ppi 
sequence represent differences com- GTGARTGGCAAGGAGGTCCACAGTGGGGTCAGCACEGACCC TCAGGCCTACAAGGAGAGC AAT TATAGCTACTECCTGAGCAGCCGCC TGAGGGTCTCTGCTACCTTCTAGC 
jared with the constant-region 


on < of 86T 210 220 230 
sequence o 86T I. ArgdantiaPheArgt yan inVal7 inPhetisGlyLeuSerG lug ludapLyaT rpPrad lug LySerProLysProvalThré inAgnt LeSerd tat luAlat rps ijina ta 


cate TECGCTGCCAAG TGCAGTTCCATGGGCTT TCAGAGGAGGAC AAG TGGCCAGAGGGL TCACCCAAACC TG TCACACAGAACATCAGTGCAGAGGCE TOGSGCCEAGCA 


250 260 270 O 28 

CyaclyllevhrserdlaSerf yrttag incl WalLeuSerd iaPhrileLeuTyrGlul leLeuLeuG lyLysd LaThrLeulyra laValLeuValSercl yLeuValLeuMet Ala a 
TGTGGAATCACTYCAGCATCCTATCATCAGGGGGTTCTGTETGCAACCATCCTCTATGAGATCCTACTGGGGAAGGCCACCCTATATGCTGTGCTGGTCAGTGGCCTAGTGCTGATGGCC 
& T c ÀA A CT a G A A & f ACA G G f 


287 


Met¥a LLyalyalyadanSer* ak 


Saori il TGAGACAAAC TTT TATGCATCC TGAGCCGTTCT TCACCCTGCCATAGAT TT ICCTGCACCTICTCTAATICCTGTICCTAAGAACTIGIC TE TTCTTCC 
AG 





TCCATGGATATTCATCETTCCTCSTTGACACCTTGAL TC TGAAACAGACTAAAT CAAT AABARCATGGAGTTAACC TGA; 9 







at of immunoglobulins with respect to framework and com- 
plementarity determining residues. 









o characterize the gene which gave rise to the p2B4.71 cDNA 
clone, as well as to reconstruct the recombinational events which 
„must have occurred in its formation, we prepared A genomic 
_libraries'’ of both 2B4 tumour DNA and BI0.A liver DNA. The 
-2B4 library was screened with constant-region probes and the 
liver libraries were screened with separate variable- and con- 
-stant-region probes. Figure 2 shows the restriction maps of the 
resulting clones. The B.6 clone contains an unrearranged (pre- 
ymably germ-line) variable region from the BIO.A genomic 
_ library. Three overlapping clones (B.21, B.22 and B.3) containing 
: constant-region genes were isolated from the liver DNA library. 
outhern blotting analysis showed that all the constant-region 
es in the mouse genome are contained within this 25-kilobase 
_ (kb) region. Further analysis showed that these consist of two 
constant- region genes, each with a distinct J-region cluster“ 
Two sets of genomic clones were isolated from the 2B4 
hybridoma library. One set represents the result of an apparent 
_ rearrangement and will be described elsewhere. The other set, 
presented by 2B4.1 and 2B4.9, encode all of the gene segments 
"p2B4.71. As with the case of immunoglobulins, the rearranged 
es appear to result from the recombination of a variable 
gion and its 5’ flanking sequences with a J-C locus and its 
anking sequences, as indicated by the shading in Fig. 2. The 
nologies indicated were determined by heteroduplex analysis 
ta not shown), restriction mapping and sequence analysis. 











Fig. 2 Genomic clones from liver and hybridoma libraries. Shad- 

ing indicates similarities between clones as determined by restric- 
tion mapping and heteroduplex analysis. t, EcoRI sites. Assign- 
ment of variable (V) and joining (J) elements is based on the 
sequence analysis and that of the first constant-region exon*, All 
clones are shown 5’ to 3’ with respect to the coding regions. B10.A 
liver and 2B4 T-helper hybridoma DNAs were partially digested 
with Mbol, size-selected on sucrose gradients and ligated to 
BamHI- digested arms of the A vector Jl (a derivative of L47.1) 
(ref. 39) and packaged in vitro as described elsewhere'’. The Tu 

hybridoma library was screened with a predominantly constant- 

region probe (86T5)°. The liver DNA libraries were screened with 
both constant-(86T5) and variable-region probes from p2B4.71. 

























18) and sequenced them by the procedure of Maxam and Gi 
bert'’. Figure 3a, b indicates the sequencing strategy for th 
teaud variable-region fragment and the corresponding live 
segments. The strategy used to sequence the J region is show 
in rg 4 e e of the larger region: sad bape The sequel 
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Putative leader exon 
jp 19 Å 
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MetAlaThrérgLeuleut yeT yrThrvalleuC yeLeuLeuGlyAla 


COCCANGAAGTETAATGAGGAAGATIGAGAACACTICAACCTTTCGTACT TCTAAGCCACCATGBCTACAAGSCTCCFCTOGTACACAGTACTTTGTCTCCTGGGTSCAGGTAS Honam 


GGACAAAAAGACAGTCTTTGACTTGGAGATTGCCAACCCATATCTAAGTATTTTICCTTGTCAAGGCCCCTICTTGTCTGTATTTACATCT FTTIGTTIICTICTOTTC TAGGA Hybridoma 


1 30 
‘AanSerbysValI lec lnPhrProany? yrieuv al LyetlyGingl xi nL yedlalysMet Argc ye! LeProg lulyad LukdteProvalVal Shel rplyre ing inaen 
GAATTCARAAGTCATTCAGACTECAAGATATC TGGTGAAAGGGCAAGGACAAAAAGCAAAGATGAGGT GTATCOCTGARAAGGGACATCCAGTIGTAT ICTGGTATCAACAABAT 


LeudenserkyaValI 14d inPheProArg? yrbeu/al yet tyolnG ys inLyadLabyeMet Ange ye! LePro luly tykiaPro¥ alValPhef mpTyx Ind inden 


GAATTC APARETEAT: TCAGAC TECAAGAT Are TEGTGAAAGGSE AAGGACAAABAGCAAAGATGAGGIGTATCCCY GARAAGGG ACATCCAGTIGTATICTGGTATCAACAAAAT Hybridoma 


of 70 
VciariontiuPhdtiaPhétiur lesanPhatt indenting tual Lewd ind lel LedepMetThrG lulyeArgPheserd Lad luc yeProSerdgnSerProe ysSerLauG lu 
\GAACAATGAGTT TAAATTTTTGATTAACT I TCAGAATCAAGAAGT TCTTCAG SCAAAT AGACATGAC TGAAAAACGAT TC TCTGCTGAGTGTELT TCAAAL TCACCT TGCAGCCT AGAA 


yedentent tuPheLyaPheLeul LedanPhed tnAand ing lul alleuG ing inl ledapet Tard lul yeArgPheSerd lal luCysProSserdanderPrat yaserleus lu 
GAACAATGAGTTTAAATTTETGATTAACTTTCAGAATCAAGAAGT TEYTCAGCAAATAGACATGACTGAAAAACGATTCICTGUTGAGTGTCCTTCAAACTCACCTTGTAGCCTAGAA 


‘TleGinSerSertlualag Lyd epSerAlaLeuTyrlLeuCysAlaSserSerLeu 
TCAGTCCTCTGAGGCAGGAGAC TCAGCACTGTACCTCTGIGCCAGCAGIC TG ICCACAGCATTGAAATGTGCATTCTC ICCAGIGCA TAAALCCACCATGAAC TT GTC TAAGGAAGCA 


nSargert lua lat lydapSerdlaLeu? yrleuc yadlaSerterLeudanTrpSerg lndaprhes lel yr hei iyProt LyPhrArgleulenValleu 


GAGTCCTCTGAGGCAGGAGAC TCAGCAC TGTACCTCTGTGC CAGCAGTCTGAAC TRGAGECAAGACACCCAGT hort TOGECCAGECACTCGECTOCTCOTSTTAGGTGASCTGGGG H ybridoma 


AanG LnAapPard int yrPhes LyProG lLyPhrargleulLenValLen 
TEE TAGGTAAGC TEGGGTATAGTITTITGTGITGGGT TIC TGGGGC TG TRAACEAAGACACCCAGTAC TT TGGGCCAGGCACTCGGCTCC TESTGTT AGGTGASC TG6G6 


12 nt J75 


J3 Já d5 Hey) Jy7 


Cial 
pemanan] 
ee mee 


Jri 
Aan yvAlaG luc inPhePhat l yProglyfhrérgLeuThrv alLeu 
GAATICTTGSTAGCCCTITTCTECTGTGTAACTATGCTGAGCAGTTCTTCGGACCAGGAACACGACTCACCTCC TAGG TAAGAAGGCAGAGGCCATACAGG TGGGAGAGAAGGTAGGAC 


Ly23/4 
AanThr 


, AGTCAGCCACAAAGACCCCCGGAGCAGAAAACCTTAGCAGAGTGGATATTTAAC TATCCAAGGCECTGTATCAGGAAAAGAGGAGGTTTGIGCCAGCATTTCCAAGACTGTGCAAACACC 
by? 


Glytinleut yrPheG 1 yCluCLySerl yaLeuThwalLeu 
“GEGCAGCTCTACTTTGGTGAAGGCTCAAAGCTGACAGTGCTGGGTAAGC ....PulI.... .GGGTACCATGGGAGGAAGATATTCAGAGCAGGACAGCTACTCAGCATCCTCTIGGAC 


" TGAGCTTATCTGCCAGAGCAGAAGGATTTCTSGATTGGATGCTGGGAATAGAGAAACACTCATGGTTGGTGGEGATC TGAGTCAGGGTTGGAGCAGCAGGAGCGGGAAGCACTGAGTTTT 
73 
_ | Serdtac lu? heLeuPyrPhes LySerGl yThrargLeuThrValleu 
TCCTGAGCCTGGAGGCTSTGASTGCAGAMACGCTGTATTTTGETCAGGAACCAGACTGACTGT TCTCGGTAAGT TGGGAGCTAGTGATGAAGGGGAGGGAGCATTTCCTAGGCTAAG 


Jy4 
Á SerG lndanThrieul yrPheG LyAlac LyfhrargieuServ alLeu 
‘sratcanscnerrroecoracaaaae Te GATEMAGAETTCATT st SEREACESRTATESTOTAGMGERGTATHSIT ETT 
iaiia GLA yehe POL yhe jbeukLeuValLeu 
. TCTGBGGCTETGAACCAAGACACCCAGTACTTTGGGCCAGGCACTCGSL TCCTCGTGTTAGGTGAGC I GGGGCCCCACGTGCGCET TCTCAGCEGGAT TGGGCTGCAGTGGECGCEGGTC 


ite J 8(y) 


3.37 | | PERE IEEE TOSE PEE APIELA T 
CTTGGCLAGETTTCTCTTOAGAGTEACASGETTGTSCAGELCTTECCCTGACTGATTSGCAGCCGATTGAACASCCTATCGAGCTYCTYEGCAACTECAGCGGGGAGTTCTGRGGCTT 


Teac6TC T t TACCCTGAGTTCCCAAGŤ TeseSCECTEsAGAGGGAGEC TGAG IBLE ASO? TTTICCCTAAATGGGAGAATACCTCGCTGAACCCCGCGGGTITG TGTGTGGGSTTGA 
Se Jy? 


byeserty rGluGiat yrPhes LyProGglyfhrarg. LeuThWalLeu 
PROTECT TATGAACAGTACTTCGGFCCCGGCACCAGGE TCACGGTTTTAGGTAAGATTCACATCTCTCGCTIC CACCCAAATICCTGGGICCE TGGAGTAGTTTGGAGTAGACC 


snlxtcrecnoGhGoGAAATOSATAGTAGEAGACAGCTETCAACTTCAGLCTTTCTRGSGGAGCODGATEAMAGGGATTeGGTECCAAALAT T6TTCECTETCTCECAADE 13: 


AAGAATT AAT TAGGAC TC TGGAAGCAAAC TTGGTTTTGAAAATAAATAG 


Liver F region 


Liver F region 


Hybridoma 


Liver E region 


Liver J region 


Fig.3 Assembly of the 2B4. variab 


TER The A simay. [Or 


5’-end eee with. aa cle otide 
kinase and thick lines indicate 3-end 
labelling with the large (Klenow) 
fragment of DNA polymerase m: 
The sequences are shown in c, with 
the apparent leader exon (residues 
homologous to the 86TI leader are ` 
marked. with asterisks) and the vari- 
able, diversity and joining region 
components as indicated. Putative 
signal sequences for DNA rearrange- 
ment, separated by 23 and 12 nucleo 
tides (nt) respectively, are ` n 
lined. Arrows indicate the apparent 
points of rearrangement. | 


Fig. 4 J-region cluster. The frag- 
ment indicated from the genomic 
clone B.22 was sequenced by the- 
strategy shown in a. Thin lines indi- ` 
cate 5'-end labelling and thick lines 
represent 3'-end labelling. Apparent. | 
J, elements were identified based on | 
amino acid and flanking sequence 
homologies. to expressed Jy regions’. 

_ 0 in the J46 
pseudogene is indicated by ***. The 
apparerit points of rearrangement of < 
p2B4.71(2B4) and of TM86° (3.3T) as 
well as those of cDNA clones derived _ 
from El (ref. 40) and Ly 23/4 (ref. 
41 and P: Patten et al, upuris 

results) are indicated by arrows. 
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Fig. 5 Amino acid homologies between the seven J-region ele- 

ments. Comparison of the coding sequence homologies between 

i the J regions and the consensus sequences from the three different 
types of immunoglobulin’®. 


as A that of 86T1 (ref. 9) (8/15) residues at identical positions). 
is assignment is probably correct because of the virtual iden- 
that these presumptive intron-exon boundaries have with 
immunoglobulins”. 
- Figure 3c also shows that an 8-nucleotide sequence at the 3’ 
portion of the rearranged variable region is not derived from 
either of the two liver DNA sequences. This sequence is at a 
osition similar to the Dor diversity region in immunoglobulin 
eavy chains and codes for a similar number of residues?! 5, 
ithough we cannot exclude the possibility that this extra 
equence is not encoded in the germ line, it does bear an 
ntriguing resemblance to that of an immunoglobulin D element, 
152 (CAACTGGAC)”. As recent data show that this gene is 
ot jogs on the same chromosome as the mouse heavy-chain 
us’, this homology might derive from some functional con- 
aints on the D region common to both the T-cell receptor 
d immunoglobulins. The existence of a family of such ele- 
ients for the T-cell molecule could greatly increase the number 
possible variable regions by at least three mechanisms known 
from the example of immunoglobulin genes: combinatorial 
ssociation of a third genetic element”! , variability in the junc- 
tion points at the DNA leve? and the possibility of reading 
in different frames” 
= It is important to ‘compare the unrearranged V region with 
the corresponding 294 nucleotides of the hybridoma gene. 
Within this region there is complete homology between the 
ybridoma and liver-derived gene sequences. This indicates that 
o somatic mutation has occurred between the putative germ- 
ne and the active gene, and while this does not rule out a role 
yr such mutation in other contexts, it does make some of the 
ore: extreme models of receptor adaptation to self-MHC and 
antigen less likely”. 


9 (10-14) 7 


ATTCTTGGT AGCCCTTTTC TGCTGTG 


(AT) 
GAGGTTTGT GCCAGCTTCCAA GACTGTG 


Fig. 6 Flanking sequence hom- 


ogies among J regions both 5’ and AGTITTTGT CCTGAGCCTGGA GGCTGTG 


"(see text); homologies are under- 
| lined. 


AGTTTTIGT GTTGGGTTCTGG GGCTGTG 


(AG) 
CGGGTTTCT CTTGGGTCACAG SGTTETS 


AGTTTTTGT CCTGTACCAAGA GGCTGTG 


Also significant is the fact that by combining the cc 
processed V(DJ) region sequence shown in Fig. 3¢ wi 
complete constant region of Fig. 1b, we can deduce a molex 
weight of 32.1K. This is in very close agreement with the val 
of 31K obtained in tunicamycin studies of the unglycosylat 
murine receptor peptides”. 

Directly 3’ to the V region of the germ-line DNA in Fig: 
is the sequence CACAGCA-[23 nucleotides]- GCATAAAC 
which is similar to the putative signal sequences for gene segm 
fusion 3’ to the immunoglobulin V regions””*'. In immunoglob 
ulins, the sequence is typically CACAGTG-[I1 or 22 nucleo 
tides]- ACAAAAACC 3'to the V™7 ; the inverse of the putat 
J-region signal sequences (see below). Although the anal 
one V region is insufficient to establish exact sequence reg 
ments, it seems significant that the last two nucleotides of 
putative V-region heptamer (CA) and the first nucleotide of th 
nonamer (G) have never appeared in those positions of th 
relevant immunoglobulin sequences. These similarities and. 
differences compared with immunoglobulin flanking sequences. 
are discussed more extensively with the J-region data below : 


J-region cluster 


Sequence analysis of the liver DNA-derived clones in the regi 
immediately surrounding the point of rearrangement 
indicates the presence of a cluster of seven J regions: 

these J regions (Jri, Jr2 and J;5) have been found express 

in different cDNA clones (see Fig. 4 legend), and as many a 
six may be functional. J,6 is clearly not functional because o 
the in-frame stop codon. Figure 4 shows the sequencing strateg: 
of the 1.8-kb fragment containing the J regions. The Jy cluste 
begins ~3.6 kb 5’ to the first constant-region domain”. The J. 
elements are very closely spaced at 40-220 nucleotides apart : 
whereas immunoglobulin J regions are typically 300-500. 
nucleotides apart™®3, The J region used by p2B4.71 and TM86. 
(ref. 9) is the fifth in the cluster (J,5) and, as indicated in Fig.’ 
4, joining occurs at the same position for each. Of particular. 
interest are the putative signal sequences for gene segment fusion 
5‘to each J region. In immunoglobulins, these sequences, spaced 
either 10-12 or 21-23 nucleotides apart, are highly conserved: 
between all functional J regions in a variety of species?!??73! 
The sequence is typically. GGTTTTTGT-[I 1 or 22 nucleotides] 
CACTGTG 5’ to J or D elements and the inverse: CACAGTG. 
[11 or 22 nucleotides]-ACAAAAACC 3’ to V. The sequence 5° 
to three of the J regions in Fig. 4 is AGTTTTTGT-[12 nucleo-. 
tides|-GGCTGTG. The other sequences diverge slightly from 
this consensus. Although these sequences are very similar to. 
those of the immunoglobulin genes in all cases, the heptamer_ 
is not palindromic and the sequence ‘GG’ has not been found 
in any of the many immunoglobulin sequences in this position 
in either mouse, human or rat'®. The region immediately 3' ti 
the apparent functional J regions also contains conserved 
sequences, as indicated in Fig. 4, but these may have more to- 
do with RNA splicing than recombination. We conclude that 
the gene segments examined here have sequences which are 
analogous to those used by immunoglobulins for variable-region » 
assembly but that they differ slightly in the conserved sequence, ` 


J T coding regions 
TAACTATGC TGAGCAGTTCTTCGGACCAGGAACACGACTCACCGTCCTAG GTAAGA Jyl me $ 


CAAACACCGGGCAGCTCTACTTTGGTGAAGGCTCAAAGCTGACAGTGCTGG GTAAGC = Jy? i 
AGTGCAGAAACGCTGTATTTTGGCTCAGGAACCAGACTGACTGTTCTCG GTAAGT  Jy3 
AGTCAAAACACCTIGTACTTTGGTGCGGGCACCCGACTATCGGTGCTAG GTAAGC Jy 
AACCAAGACACCCAGTACTTTEGGCCAGGCACTCGGCTCCTCGTGTTAG GTGAGC J75: 


CAGCCCTTGCCCTGACTGATTGGCAGCCGATTGAACAGCCTATGCGAGC TICTTG.. 











- Fig.7 Model of 2B4 T-cell receptor gene rearrangement. Variable 
(V), diversity (D) and joining (J) region elements all appear to 
contribute to the formation of the 2B4 gene examined here. 


perhaps to allow independent regulation of rearrangement in T 
and B cells. Another possibility is that there is no functional 


: : difference between the flanking sequences of the T-cell J regions 
and those of immunoglobulins, 


this would account for the 
‘non-functional D-J joining found in some T-cell clones” and 
vould suggest that the usual B cell/T cell specificity of rearrange- 
nent is dependent on other signals. No immunoglobulin light- 
hain rearrangement has been observed in T cells and we have 
öt seen any rearrangement of the T-cell locus discussed here 
in three different B-cell lymphoma lines, nor in a macrophage 
line. 

Figure 5 illustrates the homology between J regions of the 
cluster described here in the potential coding residues. As with 
J regions in any specific immunoglobulin family, all except the 
-pseudo-J are highly homologous. Note also that the previously 
identified (from cDNA clones) 86T1/86TS J region” is not within 
his cluster, nor is another J region found in a cDNA clones 
rom a concanavalin A-stimulated spleen cell library (unpub- 

hed results). These and other J, regions appear to reside in 
| second cluster 5’ to the one examined here”? 











aiidis for antigen recognition 
The T-cell gene studied here bears a remarkable resemblance 
to those of immunoglobulins in amino acid sequence, patterns 
of rearrangement and the sizes and positions of the different 
gene segments. Even the flanking sequences relevant to re- 
arrangement differ only slightly. These similarities must reflect 
the common origin of these genes in evolution as well as the 
‘strength of the selective pressures involved. Also interesting is 
the complexity of the rearrangements (see Fig. 7): the formation 
of the variable-region exon requires as many gene segments (V, 
D and J} as the most complex of the immunoglobulins. This is 
-contrast to the expectation that the T-cell receptor should 

present a simpler type of gene (perhaps like light-chain 
mmunoglobulins) because cell-mediated immunity may have 
arisen earlier in evolution than humoral (antibody-mediated) 
immunity. Instead, it seems that the T-cell gene is at least as 
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and that T-cell recognition of ‘antigen and MHC 


range of specificities equivalent to that of immunoglobulins. It 
is also interesting to note that the ‘11-22’ rule?’ which in B-cell 
heavy chains may only permit V and J segments to join to 
(and not to each other) does not exclude direct V~J joining 
the example seen here. If such direct joining is possible, it wi 
provide additional flexibility in the formation of the. variable 
region of this molecule. 

The similarities to immunoglobulins noted above seem ‘to 
place considerable constraints on the structure of the’ second es 
chain of the receptor heterodimer. The intertwining of the heavy- a 
and light-chain polypeptides with each other in immuno- 
globulins as defined by X-ray crystallography? makes it) >= 
unlikely that one chain could be so similar to immunoglobulin -= 
and the other chain very different. This idea is reinforced by 
the peptide mapping data indicating variable and constant por- pe 
tions of both chains****. Therefore, one would expect the second 
chain to be very similar to the one described here and that the 
combining site formed must resemble that of immunoglobulin. 
Indeed, even the possible hypervariable and framework residues 
seen in the comparison with 86T] and p2B4.71 (Fig. 1) fall into. 
almost the same positions as those of immunoglobulin. This 
favours the one-receptor model of antigen~-MHC recognition, 
but introduces the unexpected paradox of how to account fe 
all the additional requirements of T-cell recognition and thymi¢ 
learning in a molecule that is as yet indistinguishable from 
immunoglobulins. One possibility i is that a low-affinity intera 
tion with self-MHC occurs in the thymus which eliminates 
cells which either cannot bind to self-MHC at all, or bind t 
tightly. Evidence has been obtained for the existence of high! 
self-MHC-reactive cells being present in, but never leaving th 
thymus (B. Benaceraf, personal communication). Perhaps only 
those cells with a low affinity for self-MHC can emerge from 
the thymus and are available to recognize antigen-MHC com- 
plexes, which they presumably do at some higher affinity. 
Alternatively, the receptor molecule could be largely used in 
binding antigen while the MHC interaction depends more on- 
accessory: molecules such as L3T4 in helper T cells” and Lyt- 
2,3 in cytotoxic T cells". The availability of cloned probes and- 
detailed structural data should considerably aid experiments _ 
designed to test this and other models. | 
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The 3 Å electron density map of a co- crystalline recognition complex between EcoRI endonuclease and the oligonucleotide: 

TCGCGAATTCGCG reveals that a tight, complementary interface between the enzyme and the major groove of the DNA 
is the major determinant of sequence specificity. The DNA contains a torsional kink and other departures from the B 
conformation which unwind the DNA and thereby widen the major groove in the recognition site. 


THE interactions between proteins and specific DNA sequences 
key regulatory events in the control of many biological 
cesses. A full understanding of the recognition mechanisms 

hich determine these interactions requires detailed knowledge 

the structure of representative DNA-protein interfaces. This 
<nowledge may also reveal general recognition rules which could 
govern a broad range of DNA-protein interactions. Recently, 
he crystal structures of several proteins which recognize specific 
ites on DNA have been solved'~*. In the absence of DNA- 
protein co-crystals of high quality, these protein structures alone 
ive provided the basis for extensive model building and specu- 
ion concerning the appearance of the recognition com- 

s", However, these studies are limited by the necessary 
sumption that significant conformational changes do not occur 
either the protein or the DNA. Similarly, crystallographic 
udies on B-DNA have revealed detailed information on the 
re of DNA in the absence of protein®”'*. We report here 
preliminary observations of the first sequence-specific 
protein complex to be visualized by X-ray diffraction 
hods: EcoRI endonuclease complexed with the synthetic 
igonucleotide TCGCGAATICGCG (EcoRI site underlined). 


lution of the structure 
“EcoRI endonuclease and TCGCGAATTCGCG co-crystallize 
in space group P321 with one 32,000-molecular weight enzyme 
‘subunit and one strand of DNA in the asymmetric unit, as 
ported previously". The crystals were grown in the absence 
yf Mg**, which is required for cleavage of the DNA. Data were 


collected by oscillation film photography as described pre- 


yusly'° on the native crystal and on platinum and mercury 
: vatives. The platinum derivative was obtained by soaking 
tals in 10 mM cis-(NH,)2PtCl,, dissolved in 40 mM bis-tris- 
“propane (BTP), pH 7.0, plus a mixture of 11% w/v polyethylene 
glycol (PEG) 6000 and 5% w/v PEG 400 for 7 days at 25°C. 
The Hg derivative was similarly obtained by soaking crystals in 
5mM Hg(SCH,CH,NH?),, dissolved in 40 mM BTP, pH 7.0, 
plus 16% w/v PEG 6000 for 3.5 days at 25 °C. The heavy atom 
ocations were independently determined by difference Patter- 
son methods for both derivatives. (Even though the platinum 
f pound i is a chemotherapeutic agent which appears to act at 
DNA level, the location of the major and minor sites are 
und on the surface of the protein, well away from the DNA.) 
‘ullis R factors for the Pt and Hg derivatives to 3.5 A are 

% and 52.2%, respectively. 
multiple isomorphous replacement (MIR) electron density 
ap was calculated from these two derivatives to 5 A resolution. 
ddition, Wang’s iterative e single. baa Sia EE 

meth jd B.-C. W.,. in 


information to resolve the SIR phase ambiguity. The: gener 
features, such as the solvent regions and the molecular outli 
were similar in all three electron density maps; however, the 
MIR and Hg-ISIR maps contained significant amounts of noise, 
while the Pt-ISIR map was very clear. We suspect that the noise 
is associated with non-isomorphism in the Hg derivative (even 
the Pt derivative was.not strictly isomorphic beyond 3.5 A). We : 
therefore used the ISIR method to resolve the phase ambiguity 
in the 3.5 Å Pt SIR phases. The ISIR method was also used to 
extend the phase information in successive stages to 3.2 and 
3.0 A resolution. The mean figures of merit for the 3.5 and 3. oÅ 
phases are 0.78 and 0.79, respectively. Electron density. maps 
calculated with the 3.5 and 3.0 Å Pt-ISIR phases were ver 
similar apart from the expected greater detail in the higher 
resolution map. Both maps showed clearly recognizable features, 
including the a-helix seen in Fig. 1. The enantiomorph was 
chosen so that a-helices were right handed. 

The DNA was easily located in the 3.0 A map and coordinates 
were obtained for the centroids of all 12 phosphate moieties, 
the 13 sugars and 12 of the bases. These coordinates enabled 
us to calculate the general DNA conformational parameters via 
the helix determination procedures developed in conjunction 


with the ApU and GpC structures’° as well as to construct Figs 
2 and 3. 


Structural features 


Inspection of the Pt-ISIR electron density map revealed several 
striking features which were clear before a complete tracing of 
the polypeptide chain and fitting of molecular models. ‘These 
broad features are discussed below. 

The DNA~EcoRI endonuclease complex is a symmetrical | 
globular structure ~50 Å across (Fig. 2). The molecular boun- 
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Fig. 1 A representative a-helix.A stereo pur ener a portion 
of the 3. oA ISIR electron density 1 : 



















dary clearly encloses a well defined complex consisting of two 
enzyme subunits and one double helix. The two protein subunits 
and the two strands of DNA are related by a common crystallo- 

aphic axis of 2-fold symmetry, as expected from the contents 
f the asymmetric unit’? 

i The packing of these complexes within the crystalline lattice 
is typical of that generally seen in macromolecular crystals, that 
is, a limited number of fortuitous interactions between sym- 
metry-related complexes. One of these is a DNA-DNA interac- 
tion in which symmetry-related double helices are packed end 
to end, forming a continuous rod of DNA parallel to the c-axis. 
This is one of the common modes of packing found in crystals 
ontaining only DNA and probably contributes to the relatively 
trong diffraction pattern of this particular crystalline form of 
coRI endonuclease. The unpaired thymine moieties at each 
nd of a double helix appear to be in contact with thymine 
esidues from symmetry-related double helices. 

The DNA conformation departs from the classical B-motif 
(Fig. 3). The ‘distortions’ are not uniformly distributed over the 
entire DNA molecule; rather they are concentrated in three 
-abrupt transitions termed kinks. These kinks create four blocks 
of three base pairs each: 


TCGC-GAA-TTC-GCG 
GCG-CTT-AAG-CGCT 


where the kinks are indicated by dashes. These features arise 
from systematic shifts in the coordinates of all the phosphate, 
sugar and base moieties in each intervening 3-base pair (bp) 
‘segment, that is, they represent local adjustments to net displace- 
‘ments of entire blocks of double helical DNA. These kinks are 
conceptually related to the model structures originally predicted 
yy Crick and Klug'’, although they differ significantly in detail. 
“Additional kinked models were proposed by Sobell ef al.'*'” 
‘and by Zhurkin et al™. 
- We suggest a flexible nomenclature forthe DNA conformation 
‘because subsequent DNA-protein structures will probably 
reveal additional kinks and other novel DNA features. We refer 
to the overall DNA conformation as ‘neo RI-DNA’. The specific 
context of neo relates to a DNA conformation which is stabilized 
“by the binding of a recognition protein. 
-.. The left-most block will be referred to as the terminal or CGC 
block and the next block as the central or GAA block. The two 
-blocks on the right (TTC and GCG) are identical to the respective 
left blocks because of the 2-fold symmetry axis. 
oo We designate. the transition between the symmetry-related 
central blocks (GAA-TTC) as the neo-! kink and that between 
the terminal and central blocks (CGC-GAA) as the neo-2 kink. 
` Neo-2 kinks appear twice within the structure (CGC-GAA and 
_TTC-GCG) and both are identical by virtue of the crystallo- 
graphic axis of 2-fold symmetry. 
When the helical symmetry within each block was determined 
































analysing the geometrical relationships of the centroids of 


the phosphate and internal deoxyribose moieties according to 
“the procedure of Rosenberg et al.'°, B-type parameters were 








_ found for the central block: 10. 3 residues per turn with § a i helical 






DNA-protein ee e was “CO 
structed by superimposing sphe i 
on the electron density map so th 
their surfaces followed the molecu 
boundary. The DNA is shaded m 
darkly than the protein. The comp 2X. 
is viewed from the solvent region 
looking down the crystallographic 2-. 
fold symmetry axis. The DNA is 0 oà 
clearly embedded in the protein and 07o 
the active sites for recognition and E 
hydrolysis are underneath the DNA, ceci 


















per turn and 2.7 A per residue. The location of the helix axes- 8 
and the apparent tilt of the bases with respect to these axes are — 
also suggestive of B- and A-DNA in the two respective blocks 

We emphasize that we are not claiming that the blocks between 
kinks are identical to either ‘classical’ A- or B-DNA. Indeed, 
these designations must be considered tentative until our anal 
sis has reached the point that sugar pucker and other detailed 
conformational parameters can be determined unambiguou: 
We also suspect that relatively smaller structural departur 
from exact helical symmetry will be noted within the blo 
once the structure is carefully refined. 
































Comparison with other DNA structures | a 
The DNA in our co-crystal is- basically the dodecamer studi 
extensively by Dickerson and colleagues”'*”' with the add 
of a 5'-thymidylate residue. The kinks described here diff 
significantly from the features reported by Dickerson et. al. 
suggesting that the neo RI-DNA structure is not stable in thi 
absence of the enzyme. This does not exclude the possib 
that the neo RI conformation exists transiently due to therma 
fluctuations nor does it exclude the possibility that these 
transient states are kinetic intermediates of complex formation 
Dickerson’s dodecame¢r structure also possesses A-lik 
features in the region we have described as the CGC block'® 
This led Dickerson and Drew to suggest that EcoRI sites ar 
B-like within the canonical hexanucleotide flanked by A-lik 
regions'’. Our structure appears to confirm this suggestion and’ 
to indicate that this trend is amplified in the protein-DNA 
complex. 
The 10.3 bp per turn helical repeat of the central. blocks “IS 
within the values of 10.0 to 10.6 bp per turn reported for DNA 
in solution” ”, bound on crystalline surfaces?*?* and in nucleo 


somes’°?’, 


Nature of the kinks 


The neo- kink, at the centre of Fig. 2, enlarges the grooves, <= 
thereby facilitating access by the protein to the bases. This kink — 
is a prominent feature of Fig. 3b, where the backbone can be 
seen to ‘jog’ upward in the centre of the figure. The displacement 
increases the distance between those segments of DNA back- 
bone which straddle the kink by ~4 Å. This is achieved by a” 
systematic unwinding of the entire DNA molecule by ~25°, that- 
is, the neo-1 kink is primarily a torsional dislocation of the 
double helix. | 

The neo-! kink introduces a small bend in the DNA such ane 
that the helices of the symmetry-related central blocks are © 
inclined at an angle of ~12° to each other. (This value is 
preliminary and it is anticipated that model fitting and refine- 
ment will result in adjustments to its value.) The bend is towards : 
the minor groove, as suggested by Crick and Klug!’ 

The neo-2 kink is different. in several respects f rom neo- -Th 
neo-| possesses 2-fold symmetry while the neo-2 kink is a: 
metrical. The neo-2 kink does not involve a dramatic unwin 
of the DNA; however, it introduces a ae bend of: : 








2 ae ae base’ moe 
4, 3.5 and 3.5 A, respectively). The 
view is from within the protein, 
towards the major groove where the 
:: sequence-specific recognition con- 
<œ tacts are concentrated. The two 
<o. parallel segments of DNA backbone 
©. running across the front of the figure 
are buried in clefts in the enzyme and 
-.. include the phosphodiester linkages 
-which would be cleaved in the pres- 
> ence of Mg?*. b, The DNA rotated 
-by 90° about the average helix axis. 
_The neo-} kink, which is between the 
‘two central blocks, can be seen in the 
centre. Note also the expansion of 
the major groove (which opens 
“towards the left in the upper portion 
‘of the figure). c, The DNA rotated 
by 180° from that shown in a, that is, 
viewed from the solvent region as in 
“ig. 2. Kinks between the terminal 
blocks of 3 bp and the middle blocks 
an be noted in the backbone seg- 
ments closest to the viewer. They are 
“of the type described as neo-2 in the 
text. d, A similar representation of 
the B-DNA model which Arnott and 
“co-workers? derived from fibre 

diffraction data. 


Recent crystallographic observations of DNA structural varia- 
‘in vitro have led to suggestions that DNA in vivo is 
urally heterogeneous, and that structural variations may 
sociated with sequence-specific DNA-protein recogni- 

# The structural results include major departures from 
A, such as Z-DNA?*"*! as well as relatively smaller local 
ations within the B-motif!”'***”*. The association between 
tein recognition and altered DNA conformation has been 
anced by the observation that DNA sequences which have 

_the potential to form Z-DNA can be found within certain eukary- 
c regulatory elements”, 

The kinks described here represent additional experimentally 
observed elements of DNA structural heterogeneity which are 
clearly associated with the binding of a recognition protein. The 

eo-l kink is an essential element of the recognition event itself 
cause the symmetry-paired a-helices (see below) cannot fit 

o the major groove unless that groove has been expanded via 

neo-1 kink. This does not exclude an additional involvement 

he kinks, especially the neo-2 kink, in the strand scission 

ent also. This raises the expectation that DNA-protein rec- 

gnition in general will turn out to be associated with specific 

leviations from the average B-double helix. The neo-1 and neo-2 

kinks are probably general structural features that will be found 

in other DNA recognition systems. However, these generaliz- 

tions cannot yet be established since this is the first X-ray 

ucture of DNA in intimate association with a sequence- 
pecific recognition protein. 


‘A~protein interaction 
e miar emer of the a hexanucleotide (GAATTC) 


raise the possibility of a second, indirect mechanism whereby 
sequences flanking the canonical hexanucleotide modulate the 
binding (see below). 

A major component of the DNA-protein interaction is an 
a-helix which makes an angle of ~60° with the average DNA 
helix axis. There are two such a-helical structures, side by side, 
related by the crystallographic 2-fold symmetry axis. The poly- 
peptide chain turns sharply at the end of each a-helix, leaving. 
the amino acid residues at the end of the helix, in the bend and 
those in the adjacent stretch of chain in close proximity to the — 
DNA. 

Two symmetry-related pairs of amino acid side chains appear 
to be in contact with symmetry-related pairs of sequential 
adenine residues. These amino acid side chains are located in 
the a-helix-bend motifs described above, although each of the. 
two physically adjacent side chains originates from a different 
protein subunit. 

Flanking the recognition interface are two symmetry-related 
DNA backbone segments, those nearest the viewer in Fig. 3a, . 


which are deeply buried in symmetrical clefts in the enzyme. | 
These clefts extend from the bottom of the wide semi-cylindrical = 
depression which contains the DNA, giving the protein a. - 
‘threaded’ appearance. The buried backbone segments include | 


the scissile phosphodiester bonds. 


While the two ‘arms’ of protein enveloping the DNA from. 


the upper left and lower right of Fig. 2 appear to originate in 
the underlying subunits, they might alternatively originate from 
symmetry-related molecules which are nearby due to crystal 
packing. We favour the interpretation that they are part of th 

underlying subunits because the electron density maps: ‘shot 

extensive continuity with the underlying electron density an 

very limited continuity with the nearby, symmetry-related elec- 
tron density. Furthermore, we have a provisional tracing of the 
polypeptide chain in this region in which each arm is a loop of | 
protein which emerges from the underlying region. However, 
we emphasize that we cannot enti rely exclude the alternative 












‘the complete catalytic cycle because the DNA could not get 
‘past the arms and enter the active site unless something moves. 
Such a conformational change has been implied by some of our 
biochemical results (ref. 36 and L.J.-J. et al., unpublished). The 
conformational change could arise from two possibilities which 
are not mutually exclusive: mobility of the arms themselves and 
quaternary changes in which the two subunits in the dimer move 
__with respect to each other. 






- Comparisons with inferred contact points 


.. The DNA contact points described above show both similarities 
-and differences when compared with the contacts inferred by 
Lu et al.” from the results of alkylation interference and protec- 
n experiments. They Suggested contacts in the major groove 
t the recognition guanine N’ position) as well as phosphate 
intacts in good general agreement with our structure. Lu et al. 
isọ made two observations regarding the N° position of the 
‘entral adenine, which is in the minor groove. This site was 
protected from dimethylsulphate by endonuclease, and prior 
methylation at this point blocked subsequent binding of the 
enzyme. They suggested that EcoRI endonuclease is in physical 
contact with the central adenine at N° (however, they also 
indicated that other interpretations were possible). We do not 
see any interaction between the protein and DNA at that posi- 
‘tion. This methylation site is in the region of the DNA most 
affected by the neo-1! kink and base—base steric effects could be 
responsible for these methylation results. Lu et al. also observed 
that while the N? of the adjacent adenine was protected by the 
endonuclease, prior methylation at this second point did not 
-block subsequent binding of the enzyme. The factors responsible 
for this result are unknown, although we do not see any minor 
: groove DNA-protein interactions there either. We therefore 
conclude that while alkylation protection and interference data 
can be used to infer a good low resolution indication of the 
location of the DNA-protein contacts, they cannot be reliably 
used to infer the precise points of DNA-protein interaction. 
Another approach used to identify contacts on the DNA is 
based on the hydrogen bonding degeneracy rules of Seeman et 
al’. In EcoRI endonuclease such degeneracy can be induced 
by conditions of elevated pH (8-9.5), Mn**, low ionic strength 
and by the addition of organic compounds such as glycerol or 
ethylene glycol*'“*. This has been called the EcoRI* reaction"! 
and the non-canonical sites so recognized are referred to as 
EcoRI* sites. We showed that hierarchies of base preferences 
could be discerned by qualitative estimations of the rate of 
cleavage at EcoRI* sites in plasmid DNA molecules. The ob- 
“served hierarchies are uniquely predicted by a recognition model 
which assumes two major groove hydrogen bonds per base pair 
in standard conditions*®. One or more of these are randomly 
_ replaced by a water-DNA hydrogen bond in EcoRI* conditions. 
The position of any EcoRI* sequence within the appropriate 
hierarchy is primarily determined by the number of remaining 
protein-DNA hydrogen bonds*. Woodbury et al*’ reached 
similar conclusions from a somewhat different perspective. The 
major groove recognition points inferred from these analyses 
are in excellent agreement with our X-ray structure. Thus, 
degeneracy analysis appears to be a promising method for the 
_ study of DNA-protein interactions. 


_ Flanking sequence effect 

Thomas and Davis* established that DNA sequences flanking 
the recognition site influence the hydrolysis rate by approxi- 
ately an order of magnitude. These results have been confirmed 
and extended. Two hypotheses (which are not mutually 
exclusive) can be advanced to explain these data: (1) Contacts 
- occur between the enzyme and DNA bases outside the canonical 
' hexanucleotide; (2) the conformational free Penerey of the neo-2 









‘would necessitate a ‘ciiufotmational chancel in the. enzyme f uring 











beyond the aen e Rex icleaiide: These observations ? 
consistent with the latter hypothesis. gos 
This raises the possibility that EcoRI endonuclease intera ts 
with DNA in two sequence-dependent ways: (1) A direct speci- 
ficity interaction with the central hexanucleotide which creates 
the precise requirement for the EcoRI sequence, GAATTC; 
(2) an indirect interaction with sequence ‘selectivity’ which > 
subtly modulates the binding energy as a function of base — 
sequence within the regions immediately flanking the EcoRI. 
site. Sequence specificity is mediated by physical contact, such — 
as hydrogen bonds, between the protein and DNA bases... 
Sequence selectivity may be indirectly mediated by sequence- — 
dependent DNA conformational forces. ae 



























































Conclusions 


The following observations include those which we feel are: 
significant: (1) The direct sequence-specific DNA-protein in’ 
actions involve the major groove of the DNA in a tight, co 
plementary interface with EcoRI endonuclease; (2) m 
groove contacts do not appear to be significant determinants i 
sequence specificity i in this case; (3) the DNA conformation 
the recognition complex is a departure from the B-motif 
the torsional neo-! kink is required for the protein to fit i 
the major groove of the DNA; (5) kinks are now experimenta 
observed elements of DNA structural heterogeneity which m 
have a general role in DNA-protein recognition. . 
We thank Richard Dickerson for steady cneourageient | 
for reading a.preliminary version of this manuscript, K 
Itakura for training and generous assistance in establishit 
own triester synthesis facility, and Lewis Jacobson for suggestin 
the term neo. This work was supported by NIH grant GN 
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ecently, Mathews has proposed’ a mechanism for the mass supply 
a black hole in the centre of a quasar (see also ref. 2). According 
o this proposal the X rays from the central source penetrate the 
-photosphere surrounding low-mass stars. The absorbed energy is 
istributed over the stellar interior by convection, and the star 
nds rapidly. Its outer layers are then stripped by the radiation 
eld of the central source. There are two major uncertainties in 
his model of reversed evolution; the depth to which the X rays 
impinging on a low-mass star can penetrate before they are absor- 
bed and the inward transport of the energy flux. The crucial 
ypothesis of Mathews is that the X rays are absorbed within the 
onvection zone. We now test this hypothesis by considering the 
ts of X-ray absorption in the secondaries of low-mass X-ray 
es. We conclude that reverse evolution does not occur. 
ow-mass X-ray binaries a late dwarf transfers matter by 
e-lobe overflow to a neutron star through an accretion 
5 generally no X-ray eclipses in these systems are obser- 
has been concluded that the secondaries are shielded 
e€ X rays of the neutron star by the accretion disk*. 
al studies have shown that this shielding is not complete. 
l variations in the optical, due to X-ray heating of the 
face of the secondary facing the neutron star, have been 
etected in Sco X-1, 4U2129 +47 and 4U/MXB1735 — 44 (ref. 
). In Sco X-1 and 4U1735— 44 part of these variations may be 
ie to heating of a bulge in the accretion disk°. The recently 
discovered sharp X-ray eclipses in MX B1659 — 29 (ref. 6) show 
that the secondary in this system intercepts X rays from the 
neutron star. Optical pulses have been detected in 4U1626-67 
a sidelobe frequency to that of the X-ray pulses and shown 
arise from X-ray reprocessing on the secondary. The strength 
ie optical pulses shows that a large fraction of the surface 
ie secondary facing the neutron star is exposed to the X 
rays’. The importance of these observations for the present 
_ discussion is that they show that the secondaries in low-mass 
X-ray binaries are exposed to X-ray irradiation, and that reverse 
~  evolution—if viable—should occur in them. In particular, we 
note that a main sequence companion star to 4U1626-67 would 
be ~0.08 Mo (ref. 7), and therefore precisely the kind of red 
a dwarf considered by Mathews’. 

oo We will compare the time scale of the evolution of an X-ray 
binary undergoing reverse stellar evolution with the Kelvin- 
Helmholtz time scale of the mass-losing secondary 
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TkH” “= 3X10 yr M) (1) 


















ANG To olain the last Sa we have ased the mass- 
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inwards to heat the interior directly. The star would then n adju í 
its structure on a time scale given by 


z L 
` Tx = Tey 

x | KH L, 
where L,(> L) is the absorbed luminosity. A single star in the 
X-radiation field of a quasar would expand on the time scale 
given by equation (2), which is much shorter than the Kelvit 
Helmholtz time scale. In alow-mass binary the expansion would 
lead to mass-transfer on the expansion time scale ty. ` 

To estimate the relevant time scales we have to determin 


amount of absorbed X-ray energy, which in the binary. ean 


written 
L,=f — Lae (2) Pa. x 10°8 





Here a is the semi- major axis of the binary orbit, Lx is the X-ray 
luminosity and Leu, is the Eddington luminosity ofa 1.4-Me. 
neutron star, equal to 1.810 ergs”). f is the product of a 
correction factor to the rough estimate (R/a)’/4 of the spatial 

angle subtended by the secondary as seen from the neutron star, ° 
the fraction of this spatial angle that is not shielded by the. 
accretion disk, and the fraction of the X rays impinging on the 
surface that penetrate into the stellar interior. Assuming with 
Mathews that approximately half of the X-ray flux penetrates 
deeply, we find typical values for f betweeen a fifth and a tenth. 
(R/a)isa slowly varying function of the secondary mass, well 


approximated by’ 
R M 1/3 s 
== osfr) 7 (4) 


Combining equations (1)-(4) we get 
1.3 x 10° M (x ae) Leas 
f > Me\ M Lx 


If reverse evolution could operate, the following would happen 
in a low-mass X-ray binary. Once the mass transfer starts, the 
X rays will penetrate into the secondary and cause it to expand. 
The expansion will increase the mass transfer, and hence cause 
a higher X-ray luminosity. Thus the mass transfer and the X-ray 
luminosity grow exponentially, until the Eddington luminosity — 
is reached, or until the mass flow prevents the radiation produced | 
by the accretion process reaching the convection zone of the | 
secondary. After this the evolution proceeds linearly on the time 
scale given by equation (5), that is shorter than ~10° yr. The | 
initial exponential growth of the mass transfer rate occurs in 
the time 7,h/R needed by the secondary to expand an atmos- 
pheric pressure scale-height k outside its Roche lobe. This i iso 
within ~10° yr, eyen for low-luminosity X-ray binaries (L=: 
10°° erg s~'), ) 

The consequences for our Galaxy are then that most jawis 
X-ray binaries should be at the Eddington limit, and presumably. 
many of them would show strong absorption effects in the- ; 
pee This is not supported by the opea ORS: On y if 


awl! 
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bility | 

lear i in globular een The number of i 
binaries observed in each of the densest. globular clusters is © 
order unity”. For an average life time of r yr this means that « a 
ystem has to be formed i in a typical dense cluster every 1/7 yr. 
The formation rate’? as calculated from the number of close 
ncounters between compact remnants and main sequence stars 
y the cluster is in good agreement with an average life time of 
the low-mass X-ray binary of ~10° yr, but not with a life time 
of 10° yr. 
= We note that a secondary in a low-mass. X: -ray wane receives 
an X-ray flux >10° times that of a low-mass star in the X-ray 
_ radiation field of a quasar. The X-ray flux received by the latter 
is more comparable with that received by a secondary in a 
cataclysmic variable. There is no evidence for reverse evolution 
in cataclysmic variables. 
We have offered empirical evidence that reverse evolution 
oes not occur. But we mus not overlook the severe theoretical 
roblems with this. idea. An intense flux of incident radiation 
uld tend to quench convection in the outer layers; even if 
ee energy were somehow available to maintain the star in a 
well-mixed (constant entropy) state, thermodynamical argu- 
ments would still restrict the efficiency of inward energy trans- 
port against the temperature gradient. 
< We thank Dr P.P. Eggleton for discussions. 
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Lawnlrequency. cutofis were first observed in the radiation 
pectra of several pulsars about a decade ago’. The detailed 
sedy of the low-frequency (œ = 100 MHz) radio emission 
‘aof more than 50 pulsars?™” has shown that practically 

all pulsars observed have low-frequency cutoffs in their spectra. 
In most pulsars the spectral cutoffs are an inherent feature of 
pulsar emission and are obviously associated with the emission 
- mechanism®. The most favoured hypothesis at present is that 
‘the radio emission of pulsars is a curvature radiation of charged 
< plasma bunches that move, with a Lorentz factor of T= 10°, 
< practically. along curved magnetic field lines™'”. The kinetic 
> energy piama d bunches i is tiisa with the Bi aa 


rs. ere $ we . show that this 
shie for erena 


“the case of a ‘monoenergetic dist 
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the power dependence of their density : at the | pulsar 
the distance d to the pulsar’s magnetic axis: 


fT, Bo) = K,d(T — rf >) OLY - AJO[So— 9] i 


g 

where f(T, 3) is the distribution function of ejected particles, 

Ko and B are constants, 3) =arc sin(d/R) is the angular co- 7 

ordinate of points on the pulsar surface, measured from. its 

magnetic axis, O[x] is the step function equal to unity for x20 - 

and to zero for x <Q, and 5, = (Q.R/c)}/? is the angular radius 

of the polar cap of the pulsar, separating the open magnetic 

field lines, along which particles are ejected (0, < Jo), from the - 

closed lines, along which no plasma ejection occurs (89> oho 

A = 82: © is the angular rotation velocity of the pulsar and R- 

is its radius. p 
The observed average flux of the curvature radiation at the 

frequency w is given by 


n (2A dt 4 o ag 
F(w)= i" F( Ox (t), w) (22/0) (2). i 


where 3, versus f is 











cos Òk =cos Bog COS Box tsin Voy sin Vox sINOE C 


Do B is the angle between the rotation axis and the magnet 
axis, and Vog is the angle between the rotation axis and ti 
direction towards the observer. es 
By substituting into equation (2) the expression F( Ses oe 
given for the respective frequency intervals by (76)-(79) {ref 
ae we may obtain the integral flux F(w). In a partial cas 
=|19o%— 0ox|=0, when in the pulsar rotation process the 
ae of its curvature radiation beam may coincide with the 
direction towards the observer, the expression for F(@) is reat 
integrable. | 
frequency Hepatic for nae B~ =i gmt = = 0 and B > 2. is A 
ten as (see Fig. 1): E 


con j e E 
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Om = wp SHO 9278 (6) 


where N is the number of particles ejected from a pulsar per 
unit time. . 

Both a break in the spectrum at w, and its low-frequency 
cutoff at the frequencies below w,, result from the curvature 
radiation reabsorption by radiating particles as such. In the case 
considered, two characteristic frequencies appear in the radi- 
ation spectrum due to the non-uniformity and anisotropy of. a 
curvature radiation source. g 

In the case of radio emission from pulsars, particles should 
be regarded as bunches of electron—positron plasma. Then in 
equations (5) and (6) the charge Q, mass M and the flux of 





Table 1 Values of curvature radiation flux as a function of i aL | 
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Fig. 1 The curvature radiation spectrum for Ŷng~ 1, 9P =0 


and B > 2. 


bunches Ny froma pulsar should be used, rather than e, m and 
N. The quantities are related as O=|n,—n_le=fne, M=nm 
and Ng =N/n, where n, and n_ are the number of positrons 
and electrons in a bunch, respectively; n=n, +n.. = 
 \n,—n_|/n is the degree of charge separation in the bunches of 
+ ejected plasma. Substituting Q, M and Np in equations (5) and 
(6) shows clearly that ,, and wp do not depend on n; there 
is, however, a relatively weak dependence of w,, and wg on 
$(@m, wp X £7") If the number of particles n in a bunch is 
: changing, the radiation spectrum (see Fig. 1) shifts along the 
F(w) axis (F(w)ocn at ¢=constant), although it does not 
change its shape. 
Table 1 summarizes the a values of the curvature radiation 
i flux as a function of frequency dependence (F(w) x w~°) for 
different frequency ranges, with B equal to 3, 4 or 5; w,, and 
_ œp frequency values are also given for most probable parameters 
of pulsars®"'*'*: N = 10°? particlesxs"', R = 1.4x 10° cm, Py = 
800, ĝo = 10° and with ¢ assumed equal to 0.1. In this case, 
whatever, the value of p, the radiation spectrum extends to the 
frequency (9/8)(c/R)T38,, which is ~1.7 x 10!' Hz. 
‘The following are the main observational data about low- 
frequency cutoffs in the pulsar radio emission spectra (for details 
see ref. 7). (1) The mean frequency of the pulsar radio emission 
maximum below which the radio emission flux decreases (a < 0), 
is w, = 130+ 80 MHz. (2) The mean value of the radio emission 
ectral index in the frequency range below the maximum 
“(@ < wm) is ~1.4£0.4. (3) The spectral indices of pulsar radio 
emission at frequencies. higher or lower than the maximum 
_ frequency are almost equal in absolute magnitude and opposite 
“in sign, that is, the steeper the radio emission spectrum up to 
its maximum (w <,,,), the steeper it is after it (w > wn). 
_ Table 1 shows that when 8 = 4+ 1 there is a good agreement 
© -between the expected behaviour of the curvature radiation 
spectrum, near its maximum, and the observational data. The 
 &m versus B dependence is rather weak. 
Above we have considered the case 03°" =0; when in the 
pulsar rotation process its magnetic axis may coincide with the 
direction towards the observer. With the results from ref. 11 it 
~ is easily shown that the w, frequency value and the curvature 
radiation spectrum behaviour near the maximum at 9P" #0 do 
‘not differ essentially from the case of 32" =0 if 
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one < 0, = 





© At wm = 130 MHz, R = 1.4 10° cm, Py = 800 and ĝo = 107°, 
we have 0, ~ 0.1, that is, the ĝ, value is sufficiently large (9, > 

$o); hence for most pulsars 9R" =0 may be assumed when the 
urvature radiation spectrum is considered to be near its 
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see Table 1) falls into the interval of the Sia values 0 
higher- -frequency break of the pulsar radio emission spectrum 
The observed values of the spectral indices after the hig 
frequency break are ~2 to 3 (refs 1, 7, 8), which ae 
to (8 —2) for the same values, B = 4-5. 
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Recent data obtained from the Voyager spacecrafts and ground- 
based measurements indicate: (1) the rings have a thickness of at 
most 150 m (ref. 1) and probably several times less”; (2) the rin 
are mostly composed of ice particles ran ing from centimetre: 
metres in size*; (3) the rings are subdivided i m 
of ringlets with a radial dimension ranging from 10-km- down 
the several metres resolution of the Voyager spacecraft’s camer 
(4) the B ring contains very many optical depth variations (0. 6-3 
This behaviour is essentially determined by the collisional proper- 
ties of the rings’ ice particles. Here we report some. preliminary 
results from an experiment designed to measure the coefficient of 
restitution of ice particles colliding at impact velocities relevant 
to Saturn’s rings. We apply these results to simple dynamical 
models for Saturn’s rings and deduce the rings’ thickness to e 
<5 m. We also show that regions with optical depth <0.5, such 
as the B ring, are unstable to viscous diffusion. Such an instabili 
may be the cause of optical depth variations in the B ring. 

The global properties such as the ring thickness and dygai 
evolution time scale are basically determined by the collision: 
dynamics between the ring constituents and the resultant tran: 
port processes”. The cumulative effect of many collisions over 
a differentially rotating disk, suchas Saturn’s rings, is to establish 
a viscous stress which induces an outward transfer of angular 
momentum, an inward diffusion of mass'°, and an energy trans- ; 
fer from systematic shear into dispersive motion at arate É = 
vir’, where Q and & are respectively the angular frequency 
and surface mass density of the disk at radius r. The kinematic 
viscosity of the disk, is defined by v=o7/[O(r+77 ')] where 
T= LA/m is the optical depth, A is the cross-section, m the 
mass of a typical ring particle, and o is the average amplitud 
of the velocity dispersion. The particle collisions are partiall 
inelastic and dissipate the kinetic PE with. dispe: 
sive motion at a Tate A ee | : 
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Fig. 1 A plot of the coefficient of restitution as a function of 

impact velocity for measurements at several different temperatures 

over the range 158-173 K. Estimates of the typical error bars are 

shown for four velocities at the bottom. The inset shows two sets 

of pulses obtained immediately before and after a collision. The 

values of £ and the velocity are obtained from the spacings of 
these pulses. 


-made of non-rotating, indestructable, and identical size ice 
spheres with a gaussian phase space distribution, 5 is determined 

: i şs- treatment of the collisional Boltzmann 
mate analytical fit of these results indicates 





For most. solid: substances, e€ is a function of the impact 
velocity, V (ref. 11). Ifan e-V (or equivalently e-o) relationship 
-is available, it can be applied to equation (1) to deduce a 7-0 
relationship. If a disk is made up of nearly equally sized particles, 
its r.m.s. thickness, H, would be ~2fo/Q. Here f is introduced 
to account for the anisotropy of the velocity dispersion ellipsoid 
-and is of the order of unity (f> 1/ V6 as r>0)*"?. Thus, an 
accurately determined e-—V relationship can be used to deduce 
H directly. 

Another reason for determining an £—V relation is associated 
with the viscous stability of disk flow. Several authors'*"'*> have 
suggested that the condition for thermal and viscous stability 
cannot be satisfied simultaneously if 7 > 1. In these conditions 
the rings have a tendency to break up into many ringlets. This 
mechanism seems to offer a viable explanation for the origin of 
the density variations in the optically thick B ring where tidal 
effects due to various saturnian satellites are negligibly small. 
Physically, if the viscous couple, W = 370r*Z», increases with 
the rings are stable whereas if W decreases with 7 the rings 
are unstable. The W-r relationship can also be derived from 
an e~V relationship. We have designed an experiment and 
determined this e-V relationship in a laboratory environment. 
= To measure e for ice particles in the conditions assumed to 
exist in Saturn’s rings, the apparatus must meet several criteria. 
< First, the relevant impact velocity must be in the range 0.01- 
-“Sems”'. Second, the frictional damping of the system must 
-be small compared with the kinetic energy associated with ice 
particle collisions such that the damping correction factor is 
relatively small. Third, the relevant ambient temperature should 
be in the range 100-150 K. Fourth, before and after each col- 
sion, the ice particles must be separated by a sufficiently large 
distance, say >0.01 cm, suci 1 that tiny powdered ice chips on 
their surface do not induce strong interactions between them 
xcept during the cours ach collision. Finally the collisions 
hould resemble free collisions as closely as possible. 

The simplest experimental system which can satisfy most of 
he above Ae earn is. to attach a an içe ball to an oscillator 
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Fig. 2 A plot of 7° V?°/(7? +1) as a function of optical depth 7. 
The values for r were obtained using equation (1). The points are. 
obtained from the data in Fig. | and the solid line is a graph. of 

T° V*/(r* +1) versus 7 according to equation (4). : 


very close to the centre of mass. In this case, the angul 
frequency is (Mgd/I)'’ * where M and I are the mass at 
moment of inertia of the system. We constructed such a syste 
using a disk mounted on an aluminium rod. Small weights. 
the top and bottom of the disk allow us to adjust the distan 
between the centre of mass and the suspension (that is rotatio 
axis, d. An ice ball is attached to one edge of the disk and 
counter weight on the other edge in a manner such that the 
centre of mass is at the centre of the disk. The entire system i 
suspended by knife blades resting on polished agate plates. With 
this system, we have achieved periods as long as 60s with the 
Q-value equal to 4. For shorter oscillation periods, such as 
T <30s, 10<Q<30. n 
The main limitation of the above system is that collisions are 
not entirely free. The coupling between the ice particles and the © 
pendulum body will cause a slight elastic deformation in the =< 
pendulum during a collision. However, we note that most of — - 
the kinetic energy dissipation occurs as a result of fracturing at ~ 
the tiny contact surface area of the ice particles. For typical 
impact velocities the time interval during contact is considerably 
longer than the sound crossing time across the ice balls. Oy 
experiments indicate that a sufficiently rigid mounting of p% 
ice particle onto the pendulum effectively eliminated tempora 
redistribution of elastic energy within the system and thereby | 
provided a good measure of e. : 
The ambient temperature of the system is set at 150-175 K 
using a simple cryostat constructed from styrofoam and cooled- 
with liquid nitrogen. The ice-block temperature is measured — 
with an Omega thermocouple thermometer frozen into the ic 
block. The velocity of the ice ball is measured by reflecting 
laser beam off a mirror mounted on the rotation axis of th i 
pendulum. The reflected beam passes over a photocell masked = 
with five slits | mm wide, 2 mm apart and situated 4 m from the 
pendulum. The photocell is positioned close to the point which 
corresponds to contact. Five pulses produced immediately 
before and after each collision provide an accurate measurement | 
of the incoming and outgoing velocities from which £ can be. 
deduced. Five slits are used primarily to improve the accuracy - 
of the measurement and to eliminate damping contributions 
associated with the finite Q value of the pendulum. The results 
of our experiments indicate that only a small, that is <2 > 
correction is ever needed to account for damping. 
A typical pulse train and the summary of the results obtaine: 
from the four lowest temperature runs are illustrated in Fi 
The general behaviour of £ as a function V is typical of 
data taken at other temperature ranges. The data can be qua 
eS... t relatively large, Ve 













é ipol A 
sufficie tly small but finite cee 
es unity. This behaviour at the low velocity limit is 
i the classical theory of nearly elastic deformation 
. low-velocity impacts'®'*. However, the 
au for relatively large velocity cannot be 
any existing collision model. 
presented in Fig. 1 can be fitted remarkably well 















i e= (0. 3240. 02) VY ~0.23420.008 (2) 
e Vis the impact velocity measured in cm s™' for the range 
<0. 01s <V<S1, Extrapolation of this power law indicates that 
=o  e> 1 for V< V,=0.008 cm s`'. The dispersion of the data, rela- 
tive to the best fitted curve, is much larger for intermediate 
_ collision velocities than for large velocities, where e attains an 
asymptotic value of 0.25, and for very small velocities where € 
approaches unity. Special care has been taken to eliminate 
arious possible external causes for this large dispersion. A trial 
xperiment for collision between a solid synthetic rubber ball 
per ball) and a rigid surface yielded an £e- V relationship with 
dispersion of order less than one-tenth those found for ice 
ball-block collisions. Clearly, the scattering of the data is con- 
iderably larger than the typical measurement uncertainty which 
is indicated in Fig. 1. We propose that the large dispersion in 
” the data is real, and is probably associated with compression 
and random powdering of tiny ice chips on the surface. 
Irregularities in the shape of the ice chips can lead to consider- 
able variation in the radius of curvature and geometry of the 
contacting surfaces of the ice ball and block. The tendency for 
the dispersion to decrease at relatively large impact velocities 
is probably caused by the surface distortion during a collision 
being large enough to override any variation in the surface 
geometry immediately before each collision. 
Note that the effective mass involved in a collision is 5.4 times 
irger than the mass of the ice ball mounted to the pendulum. 
Because the ice block is held stationary, it has an infinite inertial 
mass. In any event, as Saturn’s rings are composed of ice particles 
with a large range in size, it is desirable to investigate collisions 
between particles with various masses and sizes. These i investiga- 
tions are underway and the results will be presented elsewhere. 
Despite recent considerable observational and theoretical 
advances in our understanding of Saturn’s rings, the actual 
physical nature of the constituent particles remains unclear. The 
‘tings may either be made of solid particles with relatively smooth 
surface radius of curvature or particles covered with loose ice 
hips'”. The amount of gas and dust inclusions in the ring 
| particles i 1S also unknown. In our experiments, both the ice ball 
and ice block are prepared with a smooth surface and are 
; relatively free of gas or dust. (The amount of surface frost on 
the ice ball has also been minimized although this can never be 
eliminated.) Furthermore our data are obtained for direct col- 
ions whereas grazing collisions may be far more common in 
saturn’s rings. Thus, it is not entirely clear to what extent the 
data obtained from the above experiment are relevant to the 
structure of Saturn’s rings. Nonetheless, we apply our results to 
-~ — the standard uniform-size hard sphere modelë for simplicity. 
_ Under this assumption, V, defines a lower limit on the thickness 
of the disk which is ~V./02=50(V./0.01 cms!) 
-= (10° cm/r)? cm. If we apply the results of equation (2) to 
-equation (1), it follows that 


H = 2fo/Q = 80f[1 -b/( +757 (7/10 cm} cm (3) 


pplying an idealized, uniform-particle sized model, we derive 
for most regions of the ring that H <5 m, provided the particle 
size is smaller than H. This value is consistent with that deduced 
from microwave scattering experiments”. The slight difference 
+ between these values and those deduced from resonant damping 
inalyses? may be due to the additional energy source associated 
ith external perturbers. 

In. the apone of external stimulą tion, such as Saturn’s satel- 
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and a corresponding diffusion time T, = a U, longer tha 
age of the Solar System. The corresponding viscous stres 
plotted in Fig. 2. Superimposed on the actual data is a W 
relationship derived from equation (2) such that 


W~[1-b/0 +r EA +7’) 


The maximum value of W is attained at 7, ={(1 — b)/(4.2b— 1) 
The scatter of the original data (Fig. 1) is amplified in Fig. 2 b 
numerous mathematical transformations of the experimental 
data. The results in equation (5) imply that, for r=0.5,. WwW 
decreases with r and therefore the rings are unstable. For r < 0. S 
the rings are stable. If we were to take the widely scattered data 
points, the critical + would lie in the range 0.3-0.7. Thus, the 
optically thick regions of the disk are expected to be diffusionally ; 
unstable and would open up low density regions with 7 of thi 
order 0.5-0.7. The observed optical depth profile of the B ring 
indicates that the typical 7 in the less opaque regions of the B 
ring is ~0.6 (ref. 3). : 
In the above discussion we have not considered the effect of 
particle size distribution. Note that the large, metre-size particle: 
have radii comparable to or larger than the ring thickness, a 
derived from equation (3), such that they may form a 
‘monolayer’. For these particles the velocity dispersion is deter: 
mined by the gradient of the rings’ keplerian velocity acros 
their diameter’ so that their W monotonically increases with 
and their motion is viscously stable. Con quently, the. sme 
centimetre-size particles and the large me articles in the 
high + B ring may have rather different radial structure 
Voyager's data indicate that the primary contribution to the r 
variation in the B ring is from the small particles. The large. 
particles have a relatively smooth radial distribution. Thus, a 
realistic model for the evolution of the B ring requires a detailed 
analysis of the collisionally induced transport process for a 
collection of particles with different sizes (G. Stewart, in prepar- 























































of curvature at the contact point. 

The above results may also be applied to study the actual 
damping process in resonant excited density waves”’*', the. 
structure of narrow rings and sharp edges as well as the satellite 
shepherding phenomenon”. As for our experiments, variations 
in ice ball’s and ice block’s surface geometry, surface crystal 
lattice structure, collisional grazing angles, and ambient tem- 
perature will be examined in future. In general, we believe that _ 
the results presented here are a first step towards understanding 
ice-particle collisional processes. 
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The EXAFS (or extended X-ray absorption fine structure) method 
of absorption-edge spectroscopy for the determination of crystal 
bond lengths and coordination number, especially in the first 
coordination shell, is in very widespread use in chemical, crystallo- 
graphic, biological and to some extent metallurgical research. The 
high-resolution method of X-ray diffraction topography, which 
reveals crystal defects, is likewise widely used in studies on crystal 
growth, phase transformations, chemical decomposition and 
mechanical properties and domain studies: that is, in the area of 
‘microstructure’ rather than ‘crystal structure’. It is obvious that 
the techniques are complementary and that both could be required 
to solve a particular problem—structural changes induced by 
segregation at a surface or internal interface, for example. 
However, up to now, EXAFS data have been taken only as an 
average over large samples, thus losing all microstructural infor- 
mation, and topographic data have not provided structural, bonding 
or chemical information. We present here the first experimental 
method of combining these experiments, simultaneously on one 
specimen. 

The method relies on the properties of synchrotron radiation 
(SR)', whose high intensity and continuous spectrum enables 
EXAFS spectra to be accumulated in reasonable times (some 
tens of minutes) and X-ray topographs to be taken in some 
seconds. An obvious way of combining the methods would be 
to take an X-ray topograph to locate areas of interest, place an 
aperture of diameter equal to the resolution required in this 
area and measure successive EXAFS spectra during a linear or 
raster scan of the area. This method would certainly provide 
the best spectral data, but a rapid calculation of available 
intensities shows that with most current SR sources the data 
collection times would be quite impractical—days or weeks. 

A possible way of speeding up the spectral data collection is 
the use of white radiation incident on the sample, followed by 
a dispersing element (for example, bent crystal) and a film or 
linear detector: this has recently been achieved” and results in 
dramatic decreases in data collection times. The topographic 
data can then be collected in a separate exposure. 
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Fig. 1 Experimental arrangement for white beam topography. 
Typical specimen-source distances, a, are 20-80 m and specimen- 
film distances, b, 10-100 mm. 
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If a good quality single crystal is being used as the specimen, 


as it often is when topographic information is sought, a further 
and very simple technique is to use the specimen as its own 
monochromator. In the white radiation topographic method 
(Fig. 1), the incident beam diverges from the SR source, which 
is some tens of metres distant from the specimen. There i 
therefore a small variation of incident Bragg angle cross A l 
specimen, and a consequent variation of wavelength (energi cm 
selected by the specimen for diffraction. 

The experimental procedure is as follows. The orientation of 
the specimen is chosen and set so that the wavelength selected 
by some part of the specimen is at the absorption edge under 
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Fig.2 a, White radiation topograph of Nb specimen (near perfect Eg 
but with some elastic bending). 002 reflection, A = 0.65298 A at the 
absorption edge. SRS parameters 2 GeV 86 mA, 25s exposure on 
Ilford L4 plate. b, Digitized and image processed (smoothed, 
threshold cut and contrast stretch) version of a. Image are 2.24 x Me 
2.24 mm. c, Differentiated version of b. i 
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Fig. 3 Density traces extracted from Fig. 2, along line AA. 


study. A standard topographic image is then recorded on high 
resolution plate, for example Ilford nuclear emulsion L4, 
exposed so that the high absorption side of the image is in good 
contrast. The wavelength selected by a point on the image is a 
direct function of the distance on the image from the edge, 
measured normally to the latter. The diffracted beam falling on 
each point will therefore have suffered scattering and absorption 
characteristic of a given photon energy. This results in ‘fringes’ 
in the image, parallel to the image of the edge, corresponding 
to maxima and minima in the EXAFS spectrum. 

The first results, taken on the white radiation camera’ at the 
SRS, Daresbury Laboratory, are shown in Fig. 2. Figure 2a 
shows the standard topographic image of a 125-ym thick Nb 
specimen at the Nb Ka edge, reproduced photographically. The 
absorption edge is clear, but the fringes have weak contrast and 
are not evident. However, image processing techniques can be 
used to reveal them. The original plate was digitized on a Joyce 
Loebi flat bed densitometer with 5-um resolution and the result- 
ing matrix digitally smoothed and processed to cut off low and 
high values and to stretch the contrast. The result is shown in 
Fig. 2b; Fig. 2c shows a differentiated version of Fig. 2b. In 
each of these, especially the latter, the fringes are easily visible. 
Figure 2 shows density variations along the line marked AA in 
Fig. 2b. These show, albeit noisily, a typical EXAFS spectrum. 

To demonstrate that these are indeed EXAFS-type data, com- 
parison was made with an EXAFS spectrum taken on a rotating- 
anode generator of a 25-y4m thick Nb foil. A rotating anode 
generator with a Mo target and a Si 800 bent crystal mono- 


Fig. 4 Composite topograph of 
area shown in Fig. 2, showing 


successive positions of absorption 
edge as specimen rotated in 0.025° 
steps. 
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Table 1 Comparison of X-ray energy at spectral minima in data 
extracted from the topograph (Fig. 2b) and from a standard EXAFS 
spectrum 


From spectrum 
(keV) 


18.990 
19.074 
19.124 
19.180 
19.252 
19.330 


From topograph 
(keV) 


18.99 
19.07 
19.13 
19.19 
19.24 
19.29 


Fringe 
edge 


A > u N ~= 





Estimated errors are +0.01 keV from the topographic data and 
+0.005 keV from the spectral data with the exception of fringe 5 (rather 
broad) where they are each about +0.02. The topographic data were 
calibrated relative to the edge taken as 18.99 keV. 


chromator were used. The spectrum in Fig. 3 was calibrated for 
energy by comparison with the absorption edge positions in a 
set of topographs in which the specimen was rotated by 0.025° 
steps between each topograph. A composite photograph of the 
successive topographs is shown in Fig. 4. This provides an 
internal calibration that eliminates uncertainties due to curvature 
of the specimen, though it would not be necessary on a truly 
flat specimen. The energies corresponding to minima in the 
EXAFS spectrum are shown in Table | for the present results 
and the standard spectrum. The agreement leaves no doubt that 
this white-beam method measures true EXAFS data, simul- 
taneously with the topographic image, with an exposure time 
of 25s in this case. 

We need to know what is the quality of the EXAFS spectra 
obtained by this means (the images show normal topographic 
resolution and contrast). There are several factors to be con- 
sidered: (14 dispersion and energy range; (2) effect of finite 
source height; (3) effect of source divergence; (4) wavelength 
acceptance of crystal reflection; (5) spatial resolution of photo- 
graphic plate. Let the source height be h, the source—specimen 
distance a, the specimen—detector distance b, and the Bragg 
angle @. Wo and W, are as usual the angles made by the incident 
and diffracted beams with the inward-facing surface normals 
and Yo= COS Wo, Yn = COs Wh. Examples of the application of the 
equations will be given for the case corresponding to the 
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s at 0.65298 A, a=81m, b=75 mm. 
The position of a point on the image is defined by its perpen- 
Micular erie x to Pe apsorpuen edge, with the photographic 











pometry gives, assuming for the moment : a point source, a 
lispersion relation: 





For the Nb example this gives a wavelength or energy dispersion 
f 3.06 x 107’ per 5 um digitizing element. Over a 10-mm image, 
he range is thus 6.12x10°*. These figures correspond to 
0058 eV resolution and 11.6 eV range. This spectral resolution 
cannot be achieved in practice for various reasons, discussed 
elow, but the range in the Nb sample discussed above was 
~300 eV over 2mm (from internal calibration), therefore the 
specimen was curved with ~0.63 m radius of curvature. One 
yurpose of recording the absorption edge position as a function 
f inclination was to determine this curvature, near a notch in 
he specimen. The dispersion range is thus adequate for XANES 
X- ray absorption near-edge structure) measurements on a flat 
pecimen, but for a full EXAFS spectrum several topographs 
hould be taken at different inclinations. Most SR beam lines 
re much shorter than 80 m and so greater energy spread would 
ocur. 

The finite source height (in the incidence plane) has a great 
ffect on the resolution. Imagine a parallel beam the height of 
he source falling on the specimen. This will be diffracted to a 
beam the same height (multiplied by the asymmetry factor y,/ Yo) 
ind be recorded on the film, blurring spectral data in this region. 
-The minimum useful area on the film is therefore hy,/ yo = Xin: 
‘This can be combined with the dispersion equation (1) to give 
‘the minimum spectral resolution 


À _ hcot 6 


Amin a 
































(3) 


(with a corresponding equation if equation (2) is used). For the 
niobium example with the SRS FWHM value of A = 300 um, 
ve obtain for the Nb example 


À bE =S 
e = 184x10 or 0.35 eV 


Awn Emin 











f now x is taken to be h yp/yo then the apparent source 
ivergence is 2h/a. For the SRS at a = 81 m, this results in 


6A ug 
ra a (4) 


For Nbooz, this becomes 3.7 x 107°, ~0.7 eV. 

_ The effect of the wavelength acceptance of the crystal is found 

n from the FWHM of the rocking curve as 80, using 6A = cot 056. 
For an Appropriate FWHM ~5 arcs, this gives 


8A =1.72 x10 or 3.25 eV 


The effect of the spatial resolution of the plate <1 um, is quite 
m gligible on the spectral resolution (6A /A ~ 107”), because the 
ntrinsic dispersion is so high. 
Combining these three effects (source height, divergence and 
velength: spread) by taking the root of the sum of the a 
ids to an energy resolution in the Nb case of 1.3 x107 
„4 eV. This. is perfectly acceptable for the purpose. The 
minant factor i is the Sareiengh acceptance of the crystal, and 
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ideal: However „only 4 pixels \ were involved in each 
operation, giving 20 um spatial resolution, whereas 
minimum useful pixel size is hy,/yo=300 um in this 
Because nuclear emulsion can record up to about 5 photo 
um™? at this wavelength, smoothing over a 300-um range wW 
give a dynamic range of 5 x 300° = 4.5 x 10° and a corresponding 
precision of 0.15%. Whilst this is still not as good as ‘the best 
EXAFS experiments it is acceptable for many purposes. viR 
What then are the applications of this technique? Whilst itis Ba 
a rapid and convenient way of obtaining EXAFS spectra if good a 
crystals are available, often they are not, at least without con- = _ 
siderable effort. The interest must lie in the ability to perform -= 
chemical and defect crystallography on the same sample, as cano yo 
be performed (on very different samples) by the electron energy 
loss method’. Applications such as structural changes near inter- o 
faces with segregation or at decorated dislocations, valence state = 
changes in defect ionic compounds (for example, iron salts, — 
some of which are important catalysts), structural changes at 
the onset of chemical decomposition are possible. Whilst in- 
principle one could scan the specimen in ortentation to recon- 
struct the complete spectrum for each pixel on the image this 
would probably not be necessary in practice. A structural o 
chemical change at a pixel, from sufficient volume of the speci- 
men, would result in a distortion of either the position or the 
intensity of the local fringe pattern. This would often provide 
the clue to anomalous behaviour, which could be followed up 
with techniques such as microbeam EXAFS over a small, close 
defined area, or microbeam trace element analysis, all using the 
same apparatus. 
It is also apparent that Similar contrast is to be expected in 
radiographs taken near absorption edges with non-dispersive 
monochromators. With brighter and more intense sources, TV 
detectors and image processors, dynamic topographic ENARE 
should be a real possibility. : 
We thank Professor A. J. Forty (University of Warwick) whe a 
first encouraged us to look for techniques of microbeam EXAFS, 
and Dr P. Georgopoulos (Northwestern University) for help in 
obtaining the reference Nb EXAFS spectrum, and Daresbury 
Laboratory staff for cooperation and the SRS facilities. The = 
work was carried out with the support of the UK SERC (grant = 
GR/B61283 and the US ONR (contract N00014-C-1012). “eg 
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Natural chlorine isotope variations 
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Previously known natural variations in the stable isotope ratio of 
chlorine, *’CI/**CI, have been within the experimental error of 
+1.0%. JAH our measurements are reported in terms of 5°’ in — 
units of %; 5°’C1=|(Rx/Rs)— 1] x 1,000, where R =""CI/C1)_ 

Using methyl chlor ide gas i in a ratio mass spectrometer, we hav 
increased the precision of measurement to +0.24%, and re 

here significant isotope variation in natural chlorides. In general 


salt deposits and saline s hydretherinal springs tend to. be Amio 
Gr i Y 
























i D "CHAC, is s remarkably constant in 
re. Haering and Paker used HCI gas in a mass spectrometer 
easure stable chlorine isotope ratios in 81 samples of natura! 
materials; they found no significant variation beyond their stated 
limit of 1.0%, although they did report two samples, both from 
cep aquifer brine, as being possibly fractionated. Rankama” 
mmarized the bulk of chlorine isotope studies when he wrote, 
“[Past work] suggests that additional accurate measurements of 
the isotopic constitution of chlorine in carefully selected samples 
are required to investigate the possible natural fractionation of 
othe chlorine isotopes”. We have used a technique of measure- 
“ment which is more precise than those used in previous studies, 
and focused on comparing subsurface brines with seawater and 
other natural chlorides. 
zco The measurements reported here were made by mass spec- 

-trometry of methyl chloride ions (CH,Cl*), using the method 
¿of Taylor and Grimsrud'' to prepare methyl chloride gas. 
. Chlorine is quantitatively precipitated as silver chloride (AgCI) 
-from aqueous solutions with silver nitrate. AgCl is then reacted 
with methyl iodide for 2 days in a reaction vessel at 70-100 °C. 
<The product, CH,Cl, is then separated from excess methyl iodide 
-by gas chromatography and yields measured to ensure that all 
_ of the chlorine is recovered. An isotope ratio mass spectrometer 
(V. G. Micromass 602C) compared sample CH,C! with a com- 
ercially-produced reference gas to a precision of +0.03%. The 
otal analytical standard deviation, determined from more than 
20 replicates of our laboratory standard NaCl over a I-yr period, 
is 0.24%. Following Taylor and Grimsrud’s example, this stan- 
dard deviation of 0.24% is used as the precision for the measure- 
ment technique. The mass spectrometer collector slit width 
masks all but the m/e = 52 peak for the minor beam and the 
m/e =50+51 for the major beam. Variations of C/"C and 
D/H are minimized by using the same batch of methyl iodide 
and repeated standardization. Fragmentation patterns should 
cbe the same for equally pure sample and reference methyl 
chloride on a given day’s run, and in practice seem not to vary 
ignificantly even with filament changes. Frequent monitoring 
the constancy of the 51/(49 + 50) difference between reference 
and sample ensures the validity of the data. 

Repeated measurements of eight oceanic chloride samples, 
e from the Gulf of Mexico off the coast of Texas and the 
hers from depths up to 600m in the Pacific Ocean, gave a 
total spread of 0.12% and a standard deviation of 0.05%. Results 
reported here are relative to this standard mean oceanic chloride 
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Fig. 1 Variation of 6°’Cl with depth of sample collection in oil 
field brines from east Texas and Louisiana. The Pearson product 
moment correlation coefficient for these data is +0.61 and is sig- 
nificant to within the 95% confidence limit!*'>. Excursions from 
the apparent linear trend may represent vertical mixing of brines 
through geological heterogeneities a nd. cracks i in well casings. The 
i orrelation of Ko enrichment vith deptt tani 




















>) isotope ratio (’CI/°Cl oceans = 
o O for ocean water 18 set at 0.00%. 

Table | shows the results of several groups of samples th 
we have analysed. Chlorine isotope ratios of aquifer brines fro 
east Texas and Louisiana, including those shown in Table 
are plotted in Fig. | as a function of approximate depth 0 
sample collection. 

Table | indicates that significant chlorine variation in nat 
environments does occur, although most of the variation 
within 1.0% of ocean water chlorine. The range of variation 
shown is ~2.1% with a precision of 0.24%. Although little ca 
be said about the variations in terms of mechanisms of fraction 
ation, the measurements indicate some distinct geochemical 
tendencies. Salt deposits tend to be enriched in C] with respec 
to seawater, as do hydrothermal samples. Groundwater samples 
may be either enriched or depleted in *’Cl with respect to 
seawater. The two shallow groundwater samples shown in Table 
| are from the same aquifer, suggesting that within one aquifet 
there may be more than one chloride source and/or isotope 
fractionation mechanism. In brines from deep aquifers, increas- 
ing isotope enrichment seems to correlate with increasing depth 
(Fig. 1). Total chloride concentration of these brines also corr 
lates with isotope composition within each aquifer. : 

To date, all of the samples measured in our study contai 
chlorine as chloride ions which limits the likely mechanisms fi 
enriching isotopes to precipitation and diffusion processe 
Na?’Cl may precipitate more readily than Na*°Cl just as “SO 
precipitates more readily than **SO, during gypsum formation! 
Measurements on NaCl deposits in Table | may reflect isotope 
fractionation during formation. Counter-current electromigra- 
tion, a laboratory method used to separate chlorine isotopes’®, 
may be analogous to chlorine isotope fractionation in ground- : 
water (F. Phillips and H. B., in preparation). During counter- 
current electromigration experiments, chloride in a NaCl sol- 
ution is driven through a sand-packed tube by an electrostatic 
force against the convective movement of the solution. C] 


= 0.324), th 
































































































Table i Results of analyses 





Student's 
t-test results 
(probability 

"Cl of variance 
(4)* from SMOC'*:'5) 


Ocean water samples 
(14 measurements on eight samples, 
s.d. 0.05%.) 0.00 —— 


Halite samples 
Bedded Salt, Salina Formation, 
Ohio (mean of 2! measurements, 










s.d, 0.244) +0.52 >0.99 
Weeks Island Salt Dome, Louisiana 
(mean of four measurements with 
total spread of 0.0845) +0.20 0.98 
Hydrothermal samples 
Morgan Hot Spring, California +0.40 0.92 
Crater Lake, New Zealand +0.45 0.98 
El Chichon crater water, Mexico +0.41 0.95 
Shallow groundwater samples (< 150 m) 
Milk River aquifer sample no. 17, | 
Canada +0,8 0.98 
Milk River aquifer sample no. ł, 
Canada -0.4 0.96 
Deep groundwater samples (>2,000 m) 
WC-W155, Louisiana —0.36 0.85 






81-1085, Texas —0).62 >0.99_ 
82-090, Texas 

81-1082, Texas 
1-}124, Texas 

















he tube. in a E A aa of counter- current da 
tromigration, the electrostatic force may be provided by charged 
clay mineral surfaces and streaming potential produced by 
forced convection of water. The convective movement is induced 
by natural hydraulic and osmotic pressure gradients. Although 
discussions of fractionation mechanisms based on our results 
are speculative, experiments and the construction of theoretical 
models designed to clarify the nature of possible mechanisms 
are underway. 
<- 0 We thank the following for providing samples for study: W. 
-© Kaiser, Texas Bureau of Economic Geology; A. Truesdell, US 
- Geological Survey, Menlo Park, California; T. Casadevall, US 
_ Geological Survey, Vancouver, Washington, J. Fabryka- Martin, 
_ University of Arizona. This work was supported in part by US 
_. Nuclear Regulatory Commission contract NRC-04-78-272. 
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_ Anomalous isotopic composition has been reported for the carbon 
_in carbonate minerals of banded iron formations. Well studied 
examples show an enrichment in the light isotope of carbon, 2C. 
- This enrichment presumably reflects unusual circumstances in the 
_ deposition of these sedimentary rocks. It is suggested here that 
_ the isotopically-light carbonate results from early diagenetic oxi- 
dation by bacteria of substantial amounts of isotopically light 
-organic carbon. The electron acceptor that permits oxidation in 
“the absence of free oxygen is presumed to be iron(1i1) which may 
“have been significantly more abundant in the initial chemical 
: precipitate than in the post-diagenetic sedimentary rock. 

= Banded iron formations are chemical sediments, formed by 
< -precipitation of dissolved species from solution’. They are com- 
< posed principally of cryptocrystalline or crystalline quartz, iron 
-v oxides (haematite and magnetite), iron silicates (greenalite and 

¿related minerals) and iron carbonates (siderite and ankerite)’. 

© Banded iron formations are major sources of iron ore. Essen- 
“tially all of them were deposited before ~1.7 10° yr ago’, an 
observation that has been interpreted to reflect a transition at 
about this time from a hydrosphere devoid of oxygen to a 
hydrosphere rich in oxygen**. Because oxidized iron(111) is 
almost insoluble in all but very acid solutions, the transport of 
iron in solution and its subsequent chemical precipitation in 
t anded iron formations must have occurred in anoxic waters. 
The extensive area of some banded iron formations and substan- 
tial rates of accumulation of iron and silica seem to imply 
ponuon in 1 basins P were open to ines ocean” 














f Hoed sedimen rocks have been subjected to only low-gra 





metamorphism"; they date from ~2.5 x 10” yr ago’* and appea 

to have been deposited on a submarine platform or bank pr 
truding into or marginal to an ocean”. Carbonate minerals 

fairly abundant, typically making up between one- tenth. 

one-half of the rock'®'3, Becker and Clayton" studied. 

isotopic composition of the carbonate minerals in the Dales 
Gorge Member of the Brockman iron formation and reported 

an enrichment in the light isotope of carbon. Expressed as the 
departure of the ratio of carbon isotopes from the ratio ina- 
standard carbonate, this departure amounted to an average of oo — 
~10%, expressed as 86°C =~—10%. This finding has been con. | 
firmed and extended by Baur et al.'°, who studied the underly- 0 
ing Marra Mamba and Mt Sylvia formations as well as the Dales 
Gorge Member of the Brockman iron formation. These authors . 
found variable isotopic compositions, but in all cases the carbon- 
ate minerals were strongly enriched in the light isotope of carbon... 
Similar results for banded iron formations in North America — 
have been reported'”’®, 

Little isotopic fractionation with respect to dissolved carbon- 
ate results from the precipitation of carbonate | minerals including 
the iron carbonates, siderite and ankerite'’, so most marine 
carbonates have isotopic compositions close to the standard, 
8°C ~0%. Indeed, isotope measurements on marine carbonat 
rocks of different ages are used to infer the history of the carbon 
isotopic composition of seawater. Such studies have revealed 
only minor variation of seawater carbon from a value neat 
8PC = 0% since at least 3.5 x 10° yr ago'***. There is no reason 
to suppose that the isotopic composition of the ocean was an 
different at the time of deposition of the banded iron formations 
of the Hamersley Basin. Indeed, the Wittenoom Dolomite'®"*, 
a non-iron formation carbonate rock immediately overlying the 
Marra Mamba iron formation, has a carbon isotopic composi- 
tion of 6'°C = 0.36% very close to the marine carbonate standard. 
It does seem likely, therefore, that the carbonate minerals in - 
the iron formations were deposited with isotopic compositions 
different from that of the seawater from which these minerals 
were ultimately derived. 

Isotopically-light marine carbonate in Phanerozoic sedimen- 
tary rocks would generally be attributed to the oxidation of 
reduced organic carbon during early diagenesis’'. Reduced 
organic carbon is strongly enriched in the light isotope, 6°C= 
~25% or lower™™™. Diagenetic oxidation of organic carbon in 
young sediments can dilute the seawater carbonate dissolved irr 
the pore waters of the sediments, yielding isotopically light- 
dissolved carbonate**. The carbonate minerals that equilibrate 
with these pore waters can also be isotopically light. Data on 
isotopically light marine carbonates of Mesozoic age, presum- | 
ably produced in this way, have been presented by Irwin et al. nE 
Could this process not also have been responsible for the isotopi- e 
cally light carbonates in banded iron formations, a possibility — 
suggested by Baur et al.'°? ii 

The problem with this mechanism is to identify the electron ` 
acceptor that made possible the oxidation of organic carbon in- 
iron formations. The assemblage of minerals in these formations 
provides clear evidence for a very low oxygen fugacity in the 
pore waters of the sediment’. This conclusion is not contradicted. 
by the presence of some iron(11), which is stable even at low ie. 
oxygen fugacities. So the electron acceptor was not oxygen.” cos 
There is also no reason to suppose that dissolved nitrate was =: 
abundant on the anoxic Earth”. But the oxidation process | 
evidently did not involve the reduction of dissolved sulphate to oe 
sulphide, because sulphide minerals are not abundant in the 
iron formations of the Hamersley Basin”. Data”® on the Dales 
Gorge Member of the Brockman iron formation revea 
maximum concentrations of ~0.3 wt% and average concentra- 
tions much lower. Iron sulphides are relatively insoluble, and 
any opua T in the sediments by diagenesis. wou 
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Fig. 1 Suboxic diagenesis of increasing amounts of reduced 
organic carbon causes the progressive reduction of iron(111) to 
= iron(11). The result is that haematite is replaced by magnetite which 
< is in turn replaced by greenalite and related silicate minerals that 
-contain little or no iron(111). Sulphate reduction and the precipita- 
tion of pyrite do not commence until all iron(it1) has been reduced. 
The carbonate produced by diagenetic oxidation of organic carbon 
precipitates as iron carbonate minerals, siderite and ankerite. 
_ The oxide, silicate, and sulphide facies of banded iron formations 
~- may reflect increasing amounts of organic carbon in the original 
| sediments. 
Archaean and early Proterozoic ocean***'. In recent sediments, 
‘when sulphate is exhausted, further diagenetic oxidation of 
„organic matter uses organic matter as the electron acceptor. The 
metabolic processes are fermentation and methanogenesis. 
Methanogenesis, however, produces isotopically very light 
methane and isotopically heavy carbonate”. This process could 
not, therefore, be the source of the isotopically-light carbonates 
n the banded iron formations. (For a contrary opinion see 

10.) 

t has recently become clear, however, that iron(111) can serve 
electron acceptor in the early diagenetic, bacterial oxidation 
organic carbon (see refs 28, 32-34). There is good evidence 

hat particulate iron(111) is reduced to dissolved iron(11) during 
he anaerobic oxidation by bacteria of reduced organic carbon. 
“he reduction of iron occurs after dissolved oxygen and nitrate 
have been exhausted. and after the reduction of oxidized 
manganese, but before the reduction of sulphate”. Banded iron 
formations are, of course, rich in iron. Iron(111) could well have 
-been the electron acceptor that permitted diagenetic oxidation 
-of isotopically-light organic carbon by bacteria to produce the 
isotopically-light carbonate minerals in iron formations'”'*. A 


stoichiometrically equivalent reaction was proposed by Perry et 


val. as an abiological, metamorphic process. 

- The initial oxidation of dissolved iron(1i) to particulate 
Jiron) would have occurred in the water column, possibly 
near the surface. There are several oxidation processes that 
-would not have required significant concentrations of free oxy- 
gen. Abiotic photochemical oxidation has been suggested and 
nvestigated experimentally’. Iron(it) may have served as 
electron donor in a metabolic process of bacterial photosyn- 


the f in of carbonate mineri 
1 isotopic composition of SPC = 
; mixture of a Sa of a carbonate with ô C= = 0% and 


. Suppose that this carbon has 
~10%, which represents a 
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-unreasonably large concentration of organic carbon ir th 


sediment. 
Oxidation of this carbon according to the stoichiomet 
relationship | 
C +2 Fe0O0, > CO, +4 FeO 


would produce 16 g of FeO per 100 g of rock. Iron amnion 
including those of the Hamersley Basin, typically contain from 
20 to 25 wt% of FeO by weight’. The proposed role for early 
diagenetic oxidation of reduced organic carbon by iron(IH)1 
therefore not contradicted by data on the iron(11) content o 
banded iron formations. 
On the other hand, if 0.7 g of organic carbon were oxidized 
according to the stoichiometric relationship : 


2C +H,SO,7 2CO, +H,S 


the yield would be 0.9 gS per 100 g of rock. The average sulphide 
concentration of banded iron formations, including those of the 
Hamersley Basin, is substantially less than this?” 

What are the implications of an early diagenetic source for 
much of the carbonate in banded iron formations, a source: 
involving the oxidation of reduced organic carbon and the | 
reduction of oxidized iron(11!)? First, because this early. 
diagenetic process is a consequence of the metabolic activities. 
of bacteria, the isotopically light carbonate in banded iron. 
formations may be evidence for the presence of bacteria in the 
sediments that became banded iron formations”. Microfossils 
have not yet been discovered in the banded iron formations of. 
the Hamersley Basin’. The calculations presented above suggest’ 
that a large fraction of the total iron(11) in these formations may. 
have been reduced by bacteria during early diagenesis. The 
initial deposits, in this view, contained iron largely in the iron(1i}): 
form together with reduced organic carbon in an amount that’ 
was stoichiometrically comparable. The preserved ratio of. 
iron(II) to total iron in these sediments is therefore not primary, . 
but is a product of early diagenesis. Also, the generally low: 
concentration of organic carbon in banded iron formations? is 
explained as a consequence of the early diagenetic oxidation of 
an initially much larger amount of carbon by the oxidized iron 
of the formations themselves, Finally, the oxide, silicate, and- 
sulphide facies of iron formations*”” may reflect a response of | 
the sedimentary system to the early diagenetic alteration of 
progressively larger amounts of reduced organic carbon (Fig. 
1). The oxide facies contains both iron(11) and (111), the silicate. 
facies contains principally the iron(t1) form, and the sulphide 
facies contains iron(i1) and sulphide that is presumably the 
product of bacterial sulphate reduction. 

I thank C. Klein and J. M. Hayes for stimulating and informa-. 
tive discussions. R. M. Garrels, J. Veizer, G. E. Claypool, and. 
M. R. Walter offered helpful suggestions. This paper describes: 
research supported in part by NASA under grant NAGW-176 
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= EC CACC nan. 


“The Nazlet Khater 4 site (Nile Valley, Upper Egypt) is located 
on one of the small wadi-interfluves in the lower desert near the 
teep cliffs bordering the western Nile Valley edge (Fig. 1). We 
have previously reported’ the excavation of an early Upper Palaeo- 
lithic blade industry at this site, although blade industries in the 
Nile Valley had only been known’ to occur since 18,000 yr ago. 
The 1982 excavation reported here confirms that Nazlet Khater 4 
‘is a chert mining site with a complex extraction strategy, going 
ack 33,000 yr. A nearby grave contained a skeleton of a man in 
‘the extended position. We show that the cranial morphology is 
-anatomically modern with archaic characteristics such as a very 
‘robust mandible. There is evidence that the skeleton has a similar 
age to that of the mining site. 

The 1982 excavation enabled us to distinguish three sedimen- 
‘tary units: (1) the substratum of the site or the pre-Upper 
Palaeolithic natural deposits, (2) Upper Palaeolithic diggings in 
he substratum and their related infills, and (3) later deposits 
ni. the site. 

The basement of the site consists of greenish silts and fine 
‘sands covered by a 1.5-m thick Nile channel deposit, composed 
of channel lag deposits of well-rounded Nile gravels and chert 
cobbles and of brown granuliferous silts, covered by a wadi 
deposit of local limestone gravels (Fig. 2). 

Three Upper Palaeolithic digging activities can be distin- 
= guished (Figs 1, 2). (1) A trench, 9x2 m, with a depth of 1.5 m 

-had been opened at the northern edge of the Nile deposit, just 
-beyond the covering wadi deposit. All the Nile deposits had 
been removed from this trench which represents ~15 m° of 
_ ground. (2) Vertical shafts, dug down to the channel lag gravel, 
_ had sometimes been enlarged at their base to form bell pits. (3) 
< From the walls of the trench or from the bell pits, the channel 
dag gravels had been extracted from the substratum for several 
‘metres, creating short galleries. 

_ The deposits in the trench and in the bell pits consist of two 
lithological units: gravels at the base, covered by yellow fine 
aeolian sand. The gravel unit is a purely gravitational deposit, 

composed mainly of Nile pebbles, mixed with coarse sands, 

ilts, local limestones, Upper Palaeolithic artefacts, and a frag- 
ient of gazelle horn core. Several hearths in situ with an 
abundance of charcoal were observed. This gravel unit is heavily 
encrusted by a a 10- cm | thick calcrete on its surface. The top of 
this unit for depression and represents an occupation floor 











= The ‘interstice 











encrusted pee with ale? ne derived artefacts are interca 
lated’. During the formation of this unit, important deflation 
and sand accumulation, not found in the gravel layers, too 
place. The presence of an in situ hearth in this sand | 
indicates that the site was occupied during this stage. The poss 
occupation evolution of the site consists of the formation of a 
salt crust with desiccation wedges and in the flattening out and: 
re-installation of the overall perfect gently eastward dipping 
slope. 

We have currently nine ‘*C dates at our disposal (Fig. 2). 
Samples GrN-11297, GrN-11300, Lv-1139D, GrN-11301 and 
GrN-11299 are from different hearths; samples Lv-1142D, Lv- 
1141D, Lv-1140 and GrN-11296 are from dispersed charcoal. 
All dates, ranging from 35,100 to 30,360 yr BP, confirm the great. 
age of the mining site. Statistical tests on different combinations. 
of these samples indicate that they do not belong to the same _ 
population (significance level better than 99%), so that it is 
inappropriate to calculate a mean age for the site. It seems: 
justifiable, however, to classify the '*C dates from the trench 
according to their lithological positions. The weighted average 
for the three samples in the gravel unit is 33,470 +360 yr BP. 
and for the three samples in the sand unit, 31,980 +650 yr BP. 
As their significance level is 5%, we suggest that the minir 
activities were spread over a period of time which can be- 
determined by '*C dating. | 

Large quantities of lithic artefacts were recovered. The raw 
materials are the chert cobbles from the Nile channel lag 
deposits. Flat elongated chert cobbles were chosen. Flaking of 
short but regular blades was performed by direct blows with a 
soft hammer. The butts are flat or punctiform, the bulbs are 
thin; the Levallois technique was not used. 

Tools are rare and are made from flakes or blades by flat” 
retouching, sometimes bifacial, or by oblique retouching. Den- 
ticulates aré the best represented tools although some burins < 
and end-scrapers are present. Some bifacial axes have been — 
collected; these are flat, made from flakes or blocks, with con- 
cave sides and a convex cutting edge (Fig. 3a, b). 

The Upper Palaeolithic trenches in the substratum were 
clearly intended for the extraction of chert cobbles which were ` 
subsequently used for flaking. The method of exploitation con- 
sisted of undercutting the brown granuliferous silts so that the 
chert cobbles could be extracted, leaving galleries. This tec 
nique mainly took place from the trench. The trench was prob>~ 
ably the result of an earlier ‘trenching exploitation” of the~ 
cobble-bearing layer. On the other hand, the trench may have 
been the result of cleaning after merging different bell pits. It 
was during the search for the chert cobble-bearing layer, that 
the bell pits were dug. 

The rubble from the trench was dumped on the northeastern _ 
edge of the site probably where the chert cobble layer was 
naturally exposed. We believe that this natural exposure was. 
the reason why the exploitation started. We 

Such extractions of mineral substances can be Gonsidered as. 
real mining®. That this was not continuous mining can be .. 
deduced from the fact that prehistoric man was not always sure 
where to start his digging activities: a shaft was lowered into 
the rubble from earlier extractions and a search for exploitable 
chert was carried out in the neighbourhood of the site, such as- 
the site of Nazlet Khater 1, where we excavated a similar bell 
pit filled with aeolian sand and containing charcoal dated at 
31,60073-803 yr BP (GrN-11298). Mining probably only took < 
place when Upper Palaeolithic man came near Nazlet Khater, =. 
where he knew fresh chert to be available. 

During the 1980 season a narrow (0.2-0.4 m) grave (1.6 
length and 0.6 m deep) was found on the summit of the boulder- 
hill (Fig. 1). Within the grave was a corpse, lying at full length 
on its back, with the arms stretched along the body. The cove 
consisted of several boulders, some more than 0. 4 


































































































Fig. 1 Site location. 1, Upper 

Palaeolithic dump area; 2, bell pit; 

3, trench; 4, trench wall opening 

- into gallery at the base: 5, excava- 

tion limit; 6, chert mining site; 7, 

enclosed dwelling; 8, grave on the 
boulder hill. 
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strong alveolar prognatism. 
The best-preserved bone is the extremely robust mandible 
(Fig. 4). Its chin is fully developed. Ramus height (Martin 70)° 
is 72 mm and ramus breadth (Martin 71) is 51 mm. This breadth f 
is very large and is matched only by that of the Mauer mandible. 
The rameal index is 70.83. According to its published photo- 
man. We le of Dar-es-Soltan-2° 
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Fig. 3 Upper Palaeolithic axes. a, b, Axes of NK 4; c, burial gift 
from the grave on Boulder Hill. 


The 1982 research shows that the early Upper Palaeolithic 
blade production on the site of Nazlet Khater 4 is related to 
chert mining. By about 33,000 yr ago, early Upper Palaeolithic 
. man had acquired typical mining techniques. Indeed, even if 
the bell pits are only 1.5 m deep, this mining system is compar- 
able with that in general use during the Neolithic’. These tech- 
“niques were so complex that one has to accept that Upper 
Palaeolithic man chose the bell pit location on the basis of some 
geological insight. 
<: Extraction pits of raw material to a depth of 0.35 m have been 
reported from the Nubian Middle Palaeolithic site of Arkin 5°. 
< In other parts of the world chert mining was mainly restricted 
: to the Holocene less than 10,000 yr ago. Only ochre extraction” 
took place before that. 
Direct dating of the Nazlet Khater man is not possible as no 
collagen has been preserved in the skeleton bones. However, 
“several arguments indicate that mining site and grave belong to 
the same prehistoric technocomplex, which is unique for the 
‘ile Valley, and which was dated at 33,000 yr ago. 
Indeed, the bifacial axe found near the cranium of the skeleton 
in the grave is of the same type as those of the mining site. Such 
“axes are not known to occur in the later Palaeolithic of Egypt 
j and. age ean axes are eof a ONE type. Moreover, we have 
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Fig. 4 Mandible (norma lateralis) of the Nazlet Khater man. 














The boulder hill grave shows no evidence of the burial prac- 
tices of the later Palaeolithic and predynastic periods, where 
the interred body is always in a contracted position. 

The only prehistoric trenches filled up with aeolian sand are 
the grave, the mining site and the dated bell pit on the Nazlet 
Khater | site which suggests that a similar date for the aeolian 
sand in the grave is likely. A final argument for a very old age 
is the archaic features of the skeleton itself. 

All these arguments strongly suggest that the Nazlet Khat 
man is around 30,000 yr old. In that case the man of Nazile 
Khater is the oldest modern man in Africa north of the Equator. 

We thank the Egyptian Antiquities Organisation, the Belg 
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voor Belgische Opgravingen in Egypte, Dr H. De Meulenaer 
Mr E. Gilot, Dr G. S. D. King, Mrs Hilde Marichal, Dr W. G 
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Thousands of birds flying together at high speeds are able to o 
execute abrupt manoeuvres with such precise coordination that An 
some investigators have postulated that ‘thought transference’! or = 
electromagnetic communication’ must be taking place. Recently, 
Davis proposed that coordination is achieved by a ‘threshold’ | 
number of birds executing ‘preliminary movements’ which signal 
to the flock that a turn is imminent’. Here I show by analysis _ 
of film of dunlin (Calidris alpina) flocks that a single bird may © i 
initiate a manoeuvre which spreads through the flock in a wave: 
The propagation of this ‘manoeuvre wave’ begins relatively slowly 
but reaches mean speeds three times higher than would be possible 
if birds were simply reacting to their immediate neighbours. The 
propagation speeds appear to be achieved in much the same. 
as they are in a human chorus line: individuals observe 
approaching manoeuvre wave and. time their own execution to 
coincide with its arrival. | 




































m nication. This leads to the predi on that execution of 
anoeuvre by neighbours of the initiator will be delayed 
at least their own reaction time but, further away, response 
yes Should fall as birds are able to estimate the arrival of the 
aching manoeuvre wave. Films taken of human chorus 
nes indicate that rehearsed manoeuvres, initiated without warn- 
ng, propagate from person to person approximately twice as 
fast (107.7 + 6.8 ms, n = 3) as the 194-ms human visual reaction 
time’. 

- Coordinated manoeuvres (defined as those in which interbird 
response times were faster than laboratory measured reaction 
times) were investigated by field observations and analyses of 

2,000 ft of slow-motion (50 frames s~') 16-mm film taken of 
dunlin flocks at Puget Sound, Washington. Manoeuvres were 
-either natural or were induced artificially by shooting an arrow 
“near an airborne flock. Twenty-two coordinated and four non- 
coordinated manoeuvres, chosen for clarity of detail, were ana- 
lysed frame- by-frame. Startle reaction times to a light flash were 
measured in the laboratory using previously reported 
methodology”. 

. In films where initiators and all neighbours were discernible, 

coordinated manoeuvres were initiated by one or a few 
individuals (one initiator, n = 9; two, n = 3: three, n = 2: >three, 
-0). Birds were considered initiators when they began the 
manoeuvre before the rest of the flock. In all cases coordinated 
-manoeuvres were initiated by birds banking towards the flock 
(n = 22). When flock members turned away from the flock, the 
flock either did not follow (n = 16), or did so at speeds too low 
-to qualify as a coordinated manoeuvre (84.8 + 15.5 ms, n = 4). 
` Manoeuvres always propagated through the flock in a wave 
idiating from the initiation site. These waves were observed to 
ravel along every major axis (including back to front), indicating 
that manoeuvres may be initiated from any region of the flock. 

They had a mean propagation time from neighbour to neighbour 
of. 14.6 + 6.7 ms (n = 9), considerably lower than the laboratory 
easured startle reaction time of 38.3 +3.1 ms (n = 110). There- 
re, Manoeuvres propagate through flocks in waves travelling 
speeds nearly three times faster than possible if flock members 
are following the actions of adjacent neighbours. However, the 
first neighbours to respond to the initiator required 67 + 24 ms 

(‘n= 14), This mean propagation time from initiator to neigh- 
bours was significantly slower than both the mean manoeuvre 
ropagation time (14.6ms, P<0.0001), and the mean 
pecies reaction time (38.3 ms, P<0.0001; Wilcoxon rank sum 
_ test). 3 
_. These results shew, that manoeuvres initially propagate more 
slowly than the birds’ reaction time and then accelerate to high 
“propagation speeds, as predicted by the chorus line hypothesis. 
„Alternative hypotheses make no explicit predictions about the 
form of propagation, but imply that manoeuvres can occur in 




































ments which might signal that a turn is imminent? were seen, 
although such movements should be visible on film if they are 
= to be visible to what is often thousands of tightly packed® flock 
|. members. 
_ = Flock members always appear to follow the lead of initiators 
_ banking towards the flock. This ‘dictatorial’ rule by initiators 
- presumably prevents indecision and allows flocks to respond 
 fapidly during attacks by birds of prey, which are a major source 
‘of mortality for flocking shorebirds’. Birds of prey usually direct 
eir attack toward individuals isolated from the main flock”, 
d this may well have exerted selection pressure for the evol- 
tion of coordinated manoeuvres. 
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‘unison. No unison manoeuvres were seen. No preliminary move- 
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primate superior colliculus 
shift with changes in eye position 
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The process by which sensory signals are transformed into. 
commands for the control of movement is poorly understood 
A potential site for such a transformation is the superior col- 
liculus (SC), which receives auditory, visual and somatosensory 
inputs’~* and contains neurones that discharge before saccadic 
eye movements’. Along the primary sensory pathways, signals 
coding the spatial location of auditory, visual and somatosensory _ 
targets are based on distinctly different coordinate systems, and | 
it is not known whether each type of sensory input uses a 
separate motor pathway or if they are converted into a common 
coordinate system in order to share a single pre-motor circuii 
Sensory neurones in the SC have spatially restricted recepti 
fields (RFs) and are organized into maps across the collicula 
surface’. Acute experiments have shown a rough corre: 
dence between the spatial positions of RFs of neurones enc 
tered along a single dorsal—ventral penetration of the. colliculus 
regardless of the modality of the effective stimulus’*™, suggest 
ing that auditory, visual and somatosensory maps might be in 
register. However, in these conditions the head-centred audi 
tory system and the retinotopic visual system, are aligned 
because the eyes are in the primary orbital position’*. Moreover, 
other data have suggested’*** that the primate SC is organized 
in motor, not sensory, coordinates, although in the cat, eye 
position was found to have no effect on auditory receptive 
fields'’. We therefore sought here to determine what happens 
to the registration of the auditory and visual maps in the alert, 
behaving animal. Monkeys, with heads fixed, were trained to’ 
make delayed saccadic eye movements to auditory or visual. 
targets from one of three initial fixation points while the activity 
of single neurones was recorded extracellularly. We found that 
the auditory receptive fields shifted with changes i in eye position, — 

allowing the auditory and visual maps to remain in register. 

We trained two monkeys (Macaca mulatta) to look to either 
visual or auditory targets in a completely darkened room. The = 
major objective of the experiment was to plot the RFs of =- 
sound-sensitive cells in the SC of alert monkeys while varying 
the direction of visual fixation. We considered that if the RFs = 
of these auditory neurones were organized in head-centred 
coordinates, this manipulation would have no effect, whereas if- 
the auditory neurones use oculomotor coordinates, the direction’ 
and distance of the sound source from the eyes, not the absolute. 
position of the target in space, would be the crucial factor. 
Accordingly, the magnitude of the neural responses would 
depend on both the position of the speaker relative to the head. 
and the position of the eyes in the orbit. : 

Another objective was to determine whether auditory and.. 
Visual panva PB a common. motor circuit. The activity: 7 





























been converted into the same coordinates by the time they reach 
- the level of the SC. 
-The monkeys were placed, with their heads fixed, in the centre 
of a semicircular track”. Under computer control, a speaker 
moved along the track and the hoop rotated so that the target 
~ could be placed anywhere on an imaginary sphere surrounding 
the animal. A light-emitting diode in the centre of the speaker 
was used to compare auditory and visual responses. Three 
fixation lights were placed 24° apart along the horizontal 
- meridian. 

The auditory stimulus was a broad-band noise burst (20- 

= 20 kHz; 90 dB sound pressure level; re: 0.0002 dyn cm™*). The 
<o visual stimulus, a green light-emitting diode, subtended a visual 
angle of 12 arc min. Eye position was monitored using the scleral 
search coil technique?" ; tungsten microelectrodes were used for 
xtracellular unit recordings. 
A delayed saccade task was used to separate temporally 
ensory and motor activity. At the beginning of each trial, one 
of the three fixation lights was randomly activated. After a 
variable time, an auditory or visual target was presented. To 
receive a liquid reward, the monkey had to maintain fixation of 
the initial light until it was extinguished and then look to the 
peripheral target. 

For every sound-sensitive cell encountered, the position of 
the eyes in the orbit had a distinct effect on the neural response 
auditory stimulus. Figure la illustrates data recorded from 
gle cell, For these trials, the speaker was located 20° to the 
ght a -above the primary eye position. When the gaze 
was directed towards the left fixation target, the auditory 
stimulus evoked a vigorous neural discharge with latencies rang- 
ing over 40-60 ms. When the monkey was viewing the centre 
_ or right fixation lights, identical noise bursts presented in the 
same spatial location resulted in neural responses that were 
- either markedly attenuated or completely absent. 

Figure 1b summarizes the data obtained from this cell by 
plotting the average number of spikes in response to the noise 
burst against the horizontal position of the speaker (top). The 
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Fig. 1 1 T he ‘effects of eye position on the response of a single SC cell to an auditory stimulus. a, The speaker was placed 20° right, 6° up 
` from centre while the fixation position was varied between 24° left (left), centre (centre) and 24° right (rigt 

target was presented at 1s: Horizontal (up-right) and vertical eye position traces are shown in the top ro 
firing rate for single trials are in the second row, followed by rasters showing the unit activity for five trial 
: istogram for these trials. b, A summary plot of the auditory RFs for this one cell as a function of horizon 
jon was varied. The data ; are cesar abide in motor | error coor 
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represents horizontal motor error, or the horizontal Sopa 
































aligned. Thus, ie magn uude of the discharge of thi 
was not determined solely by the position of the 
stimulus in space, but depended jointly on the position of 
eyes in the orbit and the target position. Individual cells in 
sample varied with respect to the relative strength of the head 
centred and motor error signals they carried, but all auditory) > 
units analysed {n = 116) displayed a shift in RF location yah oe 
changes in eye position. ane 

Like many visually responsive cells in the intermediate layers. aft 
of the SC'®, these auditory neurones could not be classified as 
strictly sensory or motor cells but seemed to exhibit qualities | 
of both systems. Their responses appeared to be sensory in that 
the discharge was time-locked to the onset of the stimulus. The 
average latency was ~50 ms for auditory targets and 70 ms fo 
visual ones. Many of the auditory cells could be activated. b 
either auditory or visual stimuli. For these bimodal cells, t 
vigour of the neural response depended on target modali 
even though identical motor responses might occur. Some: cel 
discharged more vigorously to auditory stimuli, others toa v 
target. In an attempt to dissociate the sensory and motor 
ponents of the response, we plotted the auditory fields 
the monkey performed a probe task-—-one that required 
tinuous fixation of the initial light without making a saccad 
towards the auditory or visual probe stimulus. Most cells rapic 
habituated when a motor response was not required. For th 
remaining cells, the RFs obtained using probe trials were vel 
similar to those generated with the delayed saccade paradigm 
even though no eye movement occurred, Yet this sound- induced 
activity cannot be termed ‘sensory’ because the response depen- - 
ded on the trajectory of the eye movement required to look to- 
the auditory target. 
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Fig.2 The convergence of auditory 
-and visual pathways onto a common 
motor circuit. A single SR burst cell 
< activated before both auditory (left) 
=o and visual (right) saccades to a target 
“located 16° left, 10° up. No burst 
occurred for either modality when a 
saccade to this same target was initi- 
ated from the left fixation point. 
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the pinnae has a significant effect on the spatial properties of 
wuditory cells?*-?*, we sought to evaluate the possible contribu- 
ion of pinna movements in the primate. The RFs were compared 
n the same cell when the animal was free to move its ears and 
when the pinnae were mechanically restrained. The field plots 
re similar in both conditions, indicating that the small pinna 
movements made by Primates are not responsible for the eye 
position effect observed in this study. 
~ SC neurones that burst before visually initiated saccades were 
so found to burst before saccades to auditory targets. The 
tivity of a typical saccade-related (SR) burst neurone is 
llustrated in Fig. 2. With gaze directed at the centre fixation 
SR burst cells tested in this manner. Thus, at the level of 
the SC, auditory and visual signals share a common motor 
‘ircuit. 
-Our findings suggest that an internal representation of eye 
position, either efference copy or proprioception, has been sub- 
cted from the head-centred spatial code of auditory targets 
: ound elsewhere. in the auditory system. As a result, some 
: lis code for the vector of a potential eye movement 
at n just the position of a sound source relative to the 
ad. The fact that the auditory cell population we observed 
isplayed a range in the relative potency of motor error and 
hhead-centred signals suggests that this transformation may occur 
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As recent work in the cat SC has shown that the position of 


n the primate SC. This translation allows the auditory and visual 
‘maps in the intermediate and deep layers of the primate SC to 
share a reference system (motor error) and to converge onto a. 


common motor pathway for the generation of saccadic eye The movement disorder tardive dyskinesia is a serious die 






















VISUAL 


10. Wickelgren, B. G. Science 173, 69-72 (1971). 

Ti Gordon, B. J. Neurophysiol. 36, 157-178 (1973). 

12. Dräger, U. C. & Hubel, D. H. J. Neurophysiol. 38, 690-713 (1975). 

13. Stein, B. E., Magalhdes-Castro, B. & Kruger. L.J. Neurophysiel 39, 401-419 (1976). 

f4. Wise, L. Z. & Irvine, D. R. F.J. Neurophysiol. 49, 674-685 (1983). l 

15. Péppel. E. Nature 243, 231 (1973). 

16. Mays, L. E. & Sparks, D. L. J. Neurophysiol. 43, 207-231 (1980), 

17. Sparks, D. L. & Mays, L. E. J. Neurophysiol. 49, ne (19833. 

18. Sparks, D. L. & Porter, J. D. J. Neurophysiol. 49, 64-74 (1983), 

19. Harris, L. R., Blakemore. C. & Donaghy. M. Nature 288, 56-59 (1980), 

26. Knudsen, E. & Konishi M. Science 200, 795-797 (1978). 

21. Fuchs, A. F. & Robinson, D. A. J. appl Physiol 21, 1068-1070 (1966). 

22. Middlebrooks, J. C, & Pettigrew, J. D. J Neurosci 1, 107-120 (OSE)... 

23. Wise; L. Z., Irvine, DR. F.. Pettigrew, J. D. & Calford, M. B. Neurosci. Len, SB, R} 

24. Semple, M. N., Aitkin, L. M., Calford, M. B.. Pettigrew, LD & Phillips, D 
Res. 10, 203-215 (1983), 

25. Jay, M. F. & Sparks, D. L. Neurosci, Abstr. 12, 951 (1982), Invest Ophthal. v Lis. S 
22, 82 (1983). aes 

















Association with persistent neurolepti p: 
induced dyskinesia of regional | 
changes in brain JABA synthesis- 





Lars-M. Gunne, Jan- 
& Birgitta Sjöquist 








vik Häggström 


Psychiatric Research Centre, Ulleråker Hospital, 
S-750 17 Uppsala, Sweden 





| re armana NAAA Helder tA 


effect of the long-term treatment of schizophrenia with 
neuroleptic. drugs. Similar symptoms to those of tardive dys- ` 
kinesia have been observed in Cebus apella monkeys following — 
long-term treatment with neuroleptic drugs™?, and these mon- 
keys may therefore be a useful animal model of tardive dys- 
kinesia. Motor defects have persisted in these dyskinetic mon- 
keys for periods of 1-6 yr after the cessation of neurole epti 
treatment. We report here that i in three regions of the xain: 


















and subthalamic nucleus) glutamate decarboxylase 3 
and —— acid sian levels tii — 




















































loperidol (nine minal c or ee cy (three) for 3-6 yr, 
while seven were untreated controls. Intramuscular (i.m.) injec- 
tions of haloperidol decanoate (1-10 mg per kg) or fluphenazine 
decanoate (4-10 mg per kg) were given at 3-week intervals. 
After varying treatment periods, six of these monkeys (three 
‘injected with haloperidol, three with fluphenazine) developed 
-persistent choreic dyskinetic movements in the trunk, neck and 
-extremities (one monkey. also had oral dyskinesia). The 
‘frequency of dyskinetic movements and symptom intensity were 
-rated during 2-min sessions”. When these measurements were 
made at I and 60 days after the final neuroleptic injection, only 
-Slight changes in intensity of dyskinetic symptoms were evident. 
<. Throughout the present study three groups of animals were 
ompared: untreated controls (n = 7), neuroleptic-treated con- 

(n=6) and dyskinetic animals (n=6). Before the 
eptic: treated animals were killed the regular depot drug 
by a single im. injection of non-depot 
nazine (0.05 mg per kg). Two months after 

inal injection, the animals were killed under brief 
thohexital a aesthesia. Within 10-12 min of killing the brains 
were removed and stored at —80 °C. Microdisks (1.075 mm’) 
were later punched from successive coronal sections prepared 
Tam the frozen brains. Glutamic acid P SAT) 














in he selected ia ion- -monitoring oS using eae 
labelled internal standards*®. In most animals only the left half 
of the brain was analysed, but in six (two untreated controls, 
one neuroleptic-treated control and three dyskinetic monkeys) 
-both sides were compared (one of the dyskinetic monkeys had 
one-sided symptoms). 

Mean levels of transmitter markers at each brain site were 
“compared between the three groups of monkeys using indepen- 
dent Student’s t-tests. In addition, all values obtained for a 
certain brain nucleus were combined and means for each nucleus 
were compared using t-tests: between the three groups. In one 
case (see Fig. 1) sign-tests and-x*-tests were used. 

The neuroleptic-treated monkeys which did not develop dys- 
kinesia (neuroleptic-treated controls) did not differ significantly 
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Fig. 1 Distribution of individual (mean) GAD activity levels in 
substantia nigra in three groups of monkeys: a, untreated controls; 
b, neuroleptic-treated controls; and c, dyskinetic animals. 


from untreated controls in any brain region with regard to GAD 
activity and levels of GABA, HVA or DOPAC, whereas the © 
dyskinetic animals showed a characteristic pattern of regional = 
changes. Table 1 shows regional GAD activity and GABA levels. 
for untreated controls and per cent changes within both 
neuroleptic-treated groups. The dyskinetic monkeys showed 
reduced GAD activity in the substantia nigra, nucleus su 
thalamicus and medial globus pallidus and GABA was low in 
the substantia nigra and n. subthalamicus. In all other brai 
areas group differences for GAD and GABA were insignifican 
In Fig. 1 the mean nigral GAD activity for each individual 
monkey has been plotted against the number of animals. The 
dyskinetic group differed from the controls (x7 tests, P< 0. 001), 
verifying that the number of animals was sufficiently large to 
allow generalized conclusions regarding relations between state — 
(dyskinetic versus non-dyskinetic) and biochemical changes. 

GAD activity in substantia nigra was generally equally high > 
on both sides; a conspicuous exception was found in one animal — 
with unilateral dyskinesia in the left hand and arm. In this animal 
there was a depression of GAD activity only in the opposite 
(right) nigral area (15.3 nmol mm™* h™'), whereas the ipsilateral 
nigra had a mean value in the normal range (41.0 nmol mm™> 
ho’). 

The HVA levels were significantly reduced in the caudate 
nucleus and substantia nigra of dyskinetic animals (Fig. 2). In 
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Fig. 2 HVA and DOPAC levels in the caudate nucleus (Cd), 
putamen (Put) and substantia nigra (SN) of seven untreated con- 
trols (open columns), six neuroleptic-treated controls (hatched 
‘olumns) and six dyskinetic monkeys (solid columns). Values plot- 
ted are means +s.d. Significance levels: * P< “0. 05, t P<0.01. 


_ the caudate there was also a reduction of DOPAC. In all striatal 
<.> areas studied (20 in the caudate, 16 in putamen) the mean levels 
= of transmitters in dyskinetic animals were lower than in 
-neuroleptic-treated controls. The greatest depression was found 
-in corpus nuclei caudati and in some nigral areas (unfortunately 
the technique did not allow us to differentiate between nigra 
-reticulata and compacta). 
When striatal dopamine transmission is blocked by neurolep- 
; drugs this, by trans- -synaptic mechanisms, elicits a series of 
changes in activity elsewhere in the brain’. The turnover of 
ABA in the substantia nigra is lowered®, which in turn has 
ects on nigral efferents under tonic inhibitory control from 
he striatonigral GABA neurone system?!*. In the present 
xperiments we noted a lowered GAD activity and/or reduced 
GABA levels in three brain areas: the substantia nigra, globus 
-pallidus medialis and the subthalamic nucleus. These signs of a 
educed GABA function in three brain nuclei were evident only 
in dyskinetic animals and are probably due to longstanding local 
depression of GABA neurone activity. Thus, even if all monkeys 
display local GABA depression during neuroleptic drug 
=+ administration, only the dyskinetic animals fail to recover their 
_ GABA function after withdrawal of the drug. 
Further evidence of a connection between dysfunction of 





















observation that intra-nigral injection of GABA antagonists 
recipitates oral dyskinesia in rats’*. In this context it is 
: 1oteworthy that low nigral and striatal levels of GABA and 
< GAD have been reported in patients dying of Huntington’ $ 
`- chorea, another chronic dyskinetic condition'*!*, Low nigral 
= -GAD activities have also been reported in subjects suffering 
from Parkinson’s disease—again this is secondary to the 
mpaired striatal dopamine transmission, since L- -dopa seemed 
o retain nigral GAD activity at normal levels’® . Analogously, 
itrastriatal in jection of dopamine has been reported to increase 
‘glucose utilization in those areas (substantia nigra, globus pal- 
dus medialis and subthalamic nucleus) where we noticed a 
reduction of GAD activity in our dyskinetic monkeys!’. A 







at all related to dyskinetic movements continuing for mon 


Ay. Brown, L. L. & Wolfson. Ë 


nigral GABA and movement disorders is provided by the i Ribak. C E in GABA and 


is known to be preferentially located in GABA neurone 
minals'*. Whether the low GAD activity in the three bra 
reported here is due to a reduced tissue density of G3 
terminals (that is, caused by neuronal cell degeneration) 
reversible functional depression, must await histolo | 
evidence. = 
The reduced nigral and striatal dopamine metabolism el 
kinetic monkeys would seem incompatible with a dysfun ic 
striatonigral GABA system if this is regarded as a link 
negative feedback control of nigrostriatal dopamin a 
this feedback loop hypothesis!*-*> were correct, an impai 
of its GABAergic link would be expected to increase r: 
than reduce the turnover rate of dopamine. However, t 
hypothesis has been disputed and the possibility of a posit 
feedback has occasionally been proposed?*. The finding 
GABA agonists injected into the substantia nigra reticula 
induce contraversive turning and an increased turnover of 
dopamine in the striatum'??5-28 supports the notion. th: 
dopamine neurones are subjected to positive feedback. 
Supersensitivity } in striatal dopamine receptors has been 
gested as the main cause of tardive dyskinesia7’"°. Howey 
when rats are given neuroleptic drugs they develop suc he 
sensitivity to dopamine agonists even after a single inje 
Further, this phenomenon is not irreversible and thus poo 




































































after neuroleptic drug withdrawal. The present paper inst 
seems to link persistent dyskinesia with a weakness in the 
GABAergic neurone system induced by trans-synaptic mechan- 
isms in neurones remote from the striatal dopamine receptor. 

This study was supported by Swedish MRC grant 4546 and 
by the Knut & Alice Wallenbergs’ Foundation. 
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: __ Antischizophrenic neuroleptic drugs interact with brain dopamine 
-~ systems in producing both therapeutic and unwanted side effects’. 
= Short-term. administration of neuroleptics may produce a 
parkinsonian, hypokinetic syndrome mimicking symptoms of 
dopamine depletion, and presumably caused by dopamine receptor 
blockade? . Paradoxically, some 20% of patients treated chroni- 
cally with these agents develop tardive dyskinesia. The adventitious 
: movements typical of this condition mimic symptoms of dopamine 
excess despite continuing receptor blockade’ *. Dopamine receptor 
supersensitivity does develop in such conditions, but its extent does 
not correlate well with the presence or absence of tardive dys- 
kinesia®. Exploration of neuroleptic-induced alterations in other 
i opamine-associated systems may thus provide insight into these 
'OCESSES. Dopamine-containing cells of the substantia nigra, 
prominently. implicated in the motor side effects of neuroleptics, 
ossess dense concentrations of receptors for the putative peptide 
neurotransmitter, neurotensin”. Here we report that these recep- 
‘ors are substantially increased in both rats and humans after 
-chronic treatment with neuroleptic drugs, and discuss possible 
implications of this finding for our understanding of neuroleptic 
actions. 
_ Neurotensin is a central nervous system neurotransmitter 
-candidate anatomically disposed to interact with dopaminergic 
neurones'*'*. In particular, several lines of evidence indicate 
that there are dense localizations of neurotensin receptors on 
neurones in the substantia nigra from rats and human tissue. 
Autoradiographic studies demonstrate dense concentrations of 
neurotensin-binding sites in the substantia nigra that are dep- 
_leted by rat and human lesions destroying dopamine-containing 
cells’~”'*, The neurotensin receptors appear to be physiologi- 
cally active. Intracisternal neurotensin administration depletes 
- striatal dopamine levels'°, while microiontophoretic application 
-of the peptide selectively excites nigral compacta neurones'® 
: Neurotensin potently enhances dopamine release from striatal 
slices'’. We have examined these nigral neurotensin receptors 
-in rats and humans with and without chronic neuroleptic 
(haloperidol) treatment. | 
ce Sprague-Dawley rats (200 g) were injected subcutaneously 
- {s.c} daily for 4 weeks with 0.5 mg per kg of either haloperidol 
- - orvehicle alone, according to the regimen of Burt et al.'*. Frozen 
— — midbrain slabs taken from brains of drug-treated sea with 
F schizophrenia and from neurologically normal controls s (given 
by Drs Wallace Tourtellotte and Peter Whitehouse) were main- 
tained at ~70°C until sectioning (see Fig. 3 legend for details). 
Neurotensin receptor autoradiography was performed as 
described elsewhere’. Briefly, a 60-min incubation with 4nM 
- 3H-neurotensin (86 Cimmol'; NEN) was followed by two 
_ §-min washes, then rapid drying of the tissue. Serial sections 
incubated in medium — containing 5x10°°M_ unlabelled 
neurotensin. (Peninsula) and ` *‘H-neurotensin served as ‘blank’ 
controls. Autoradiography was performed using the emulsion- 
oated coverslip technique (Kodak NTB 3). After 6 weeks of 
exposure, the emulsion was deve loped and the tissue stained 
with toluidine blue. For ‘saturation’ analysis, sections from two 
haloperidol-treated rats, two control rats _ two neuroleptic- 
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Fig. 1 Neurotensin receptors in rat basal midbrain. a, Diagram ~ 
of the midbrain area shown in b-d (the dashed box represents the 
left half of these photographs). SNR, substantia nigra pars reticu- ~ 
lata; SNC, substantia nigra pars compacta; IPN, interpeduncular 

nucleus: RN, red nucleus; PAG, periaqueductal grey; PN, nucleus 
paranigralis; S. COLL, superior colliculus. b, Darkfield photo- 
micrograph of “H-neurotensin autoradiogram of the basal midbrain - 
from a control saline-injected rat. c, Same as b for haloperidol- 
injected rat. d, ‘Blank’ section adjacent to a, incubated with 5 x 
10 M unlabelled neurotensin and 4 nM °H-neurotensin to estab- 

lish a control, x32. 


Fig. 2 Neurotensin receptors 
in human basal midbrain. a, 
Diagram of the midbrain area 
shown in b, c (Box represents 
the approximate location of the 
photographs; it is smaller here 
than in Fig. | as the human 
nigra is ~5 times larger than the 
rat nigra) NIII, oculomotor 
nerve, Other abbreviations as 
for Fig. 1. b, Darkfield photo- 
micrograph of *H-neurotensin 
autoradiogram of the basal 
midbrain from a neurologically 
normal human. c, Darkfield 
photomicrograph of `H- 
neurotensin autoradiogram of 
the basal midbrain from a 
schizophrenic, neuroleptic- _ 
treated human. Broadening of © 
the zone of dense neurotensin — 
receptor grains is evident in the 
human nigra, as in the rat nigra, 
following neuroleptic treat- 

ment. x36. 
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Fig. 3 Histogram of neurotensin (a and b) and dopamine (c) 
‘receptor densities in substantia nigra of normal and neuroleptic- 
treated humans (a) and rats (b and c). a, Specific “H-neurotensin 
“receptor binding levels in substantia nigra specimens from 
neuroleptic-treated schizophrenic patients and neurologically 
- normal humans without known neuroleptic treatment. Mean 
. age of the control patients was 51; that of the schizophrenics 50. 
_.Mean postmortem interval for control brains, 22h; for schizo- 
-` phrenics, 29h. The age, postmortem interval, disease duration, 
‘cause of death and medication regimen of the six drug-treated 
human schizophrenic patients were as follows: SI: 36 yr, 27h; 
_. > 15 yr, ? overdose, fluphenazine/thioridazine/doxepin/ molindon. 
© 52: 36yr, 4th, ?f5yr, gunshot wound, — chlorpro- 
-mazine/thiothixene/ fluphenazine/trifluoperazine. $3: 46yr, 
24h, 20 yr, myocardial infarction, fluphenazine. S4: 51 yr, 29h, 
“years”, aspiration, loxapine. S5: 64 yr, 39 h, 12 yr, bowel perfor- 
ation, chlorpromazine/trifluoperazine. S6: 67 yr, ~12 h, “years” 
“overdose, *haloperidol. The age, postmortem interval and cause 
of death for nine neurologically normal control patients without 
histories of neuroleptic use were as follows. NI: 30 yr, 33 h, multi- 
ple trauma, N2: 36 yr, 19.5h, myocardial infarction. N3: 40 yr, 
2h, myocardial infarction. N4: 40 yr, 19h, sudden death, N5: 
yr, ~18h, myocardial infarction. N6: 61 yr, 23h, myocardial 
arction. N7: 65 yr, ~12 h, myocardial infarction. N8: 66 yr, 16 h, 
ot wound. N9: 77 yr, ~12h, ruptured aorta. b, Specific 3H. 
otensin receptor binding levels i in substantia nigra specimens 
m ats treated for | month with 0.5 mg per kg per day of either 
aloperido! s.c. or vehicle alone. c, Dopamine receptor binding 
ADTN = (2-amino-6,7-dihydroxy-1,2,3 .4-tetrahydronapthalene)- 
displaceable *H-spiroperidol binding) to.rat substantia nigra sec- 
tions adjacent to those assayed for *H-neurotensin binding in b. 
(Data from G.R.U., P. Whitehouse, D. Price and M.J.K., in prepar- 
ation.) 


described above, and exposed to coverslips for 3 weeks. 
Dopamine receptors were labelled as described elsewhere”, We 
‘oOunted grains overlying the substantia nigra zona compacta, 

400 um from its medial border. Three | ,000-pm* regions of 
‘ach substantia nigra were counted manually in each case. The 


lata presented here derive from the substantia nigras of nine. 


‘normal humans, six drug-treated schizophrenic patients, five 
-saline-injected rats and five haloperidol-injected rats. Values for 
-adjacent ‘blank’ sections from these same regions were subtrac- 
ted from the values obtained to yield ‘specific’ grain counts. 
‘Statistical calculations (Student's t-test, Pearson correlation 
coefficient) were performed using a Hewlett-Packard program- 
“mable calculator. 

In the control human brains, and in rat brains, receptor 
ributions in the basal midbrain were similar to those reported 
fiously’~’. High densities of receptor grains overlying the 

bstantia nigra and ventral tegmental area contrasted with 

uch lower levels over the cerebral peduncles and red nucleus 
igs 1b,2b). These high grain densities were 6-10 times the 


ls noted in adjacent ‘blank’ sections incubated in the pres- 


‘did not correlate significantly with either patient age or po: 


tem interval (P>0.1 in each case). 

Binding of labelled neurotensin in the substantia nigra wi 
substantially increased in both rats and humans treated wil 
neuroleptics (Figs lc, 2b). There was almost a doubling of rece] 
tor densities in both species, with only slight overlap betwi 
normal and drug-treated values (P <0.05 for rats: P <0. 0 fe 
humans) (Fig. 3a, b). PEG 

Saturation analysis suggested that this alteration in rece 
binding was principally due to alterations in receptor numt 
as we found the same relationship between treated and untreated 
individuals. Human schizophrenic tissue showed 1.8 times 
binding in normal control tissue, while drug-treated rats reve 
1.9 times, however, control binding. Our ability to detect 
changes in the affinity constant, Kp, using this paradigm 
however, limited. zi 

Could these results be due to direct neuroleptic influences o 
peptide binding? In in vitro binding assays performed using 
homogenates or tissue sections, concentrations of haloperidol 
up to 10°°M were ineffective in displacing or augmenting 
neurotensin binding, making this an unlikely spine: (G. 
unpublished data)'®. 

Recently, Mazella et al. described” high- (Kp=0: 1 n 
low- (Kp, ~4nM) affinity binding sites for '*°I- -neurote 
might expect ~50% occupancy of lower affinity an 
occupancy of higher affinity sites in our binding conditior 
is possible that we have labelled both of these sites. ino) 
studies”? i 

These results may have implications for understanding rece] 
tor regulation, and might provide insight into neuroleptic drug 
effects. Chronic administration of neuroleptic, dopamine rece; 
tor-blocking drugs has been associated with several brai 
changes. Nigrostriatal receptors for dopamine, especially th 
D-2 subtype, and for cholecystokinin peptides are increased b 
~ 20% by neuroleptics” 821 We have observed similar quantit: 
tive changes in autoradiographic dopamine receptor binding 
our rat brains, although these alterations did not reach statistic. 
significance with our small sample (G.R.U., P. Whitehouse an 
M.J.K., in preparation; Fig. 3c). In the present study, neurole) 
tic-induced neurotensin receptor changes were of substantially 
greater magnitude than alterations in the density of other recep 
tors influenced by these drugs. Recent electron microscopic 
studies revealing increased numbers of terminals on nigral dei 
drites in neuroleptic-treated animals could provide a possible 
anatomical correlation with the present results”. Interestingly, 
the increased population of nerve endings possesses properties 
characteristic of (though not diagnostic of) peptide-containin, 
terminals*>-**. Conceivably, presynaptic as well as postsynap 
peptidergic mechanisms could be involved. Neurotensin lev 
are elevated in some brain areas in neuroleptic-treated rats a 
schizophrenics, though nigral peptide levels have no Bs 
examined?” — 

These results seem to provide an example of ‘autoregulatoiy’ 
responses extending beyond changes in drug-blocked receptors 
to include other receptor types on the same cell. The increased 
density of neurotensin receptors could lead to increased excita- 
bility of dopamine cells, and partially supercede the effects of 
dopamine receptor blockade. Whether such an effect could occur 
at the level of the individual cell, or whether it requires poly- 
synaptic feedback circuits such as those provided by sarong 
projections awaits further study. 8 

The magnitude of the neuroleptic-induced neurotensin recep- 
tor change and its occurrence in both rat and human brains ar 
consistent with a possible role for these peptide receptor alte 
ations in the clinical expression of long-term neuroleptic effec 
such as tardive dyskinesia. Augmented neurotensin receptor. 


densities on nigrostriatal neurones could possibly lead to 


increased dopamine release from these neurones, and hence t 


-motor symptoms of dopamine excess. Conceivably, elucidati 
of. Aeuroleptic-induced alterations in nigral neurotensin reg 
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Cation selectivity of light-sensitive 
conductance in retinal rods 


king-Wai Yau & Kei Nakatani 


sartment of Physiology and Biophysics, University of Texas 
Medical Branch, Galveston, Texas 77550, USA 


‘ertebrate photoreceptors respond to light by a membrane hyper- 
polarization which is thought to result from the decrease of a 
Na-selective conductance in the outer segment'~°. One hypothesis 
s that light increases intracellular free Ca which reversibly blocks 
he Na conductance’*; at least part of this Ca is then extruded 
o the cell exterior by a Na-Ca exchanger at the plasma mem- 
-brane’™'*. We describe experiments here which show that the 
‘light-sensitive conductance in rods is also highly permeable to K. 
‘While external Na acts to keep the conductance open, external K 
tends to keep it closed, both actions probably involving the Na~Ca 
exchanger. The conductance is also permeable to the monovalent 
ations Li, Rb and ‘Cs and the divalent cations Ca, Sr and Ba. 
“The ability of both Na and K to go through the light-sensitive 
conductance explains the long-standing puzzle as to why the 
reversal potential for the light response is at 0 to +10 mVY, 
Jnder IR light a piece of retina from a dark-adapted toad 
fo marinus) was finely chopped in Ringer's solution, yielding 
e isolated rods with intact outer and inner segments. The 
ht-sensitive current from one of these rods was recorded by 
king its inner segment into a close-fitting glass pipette con- 
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Fig. 1 Effects on the light-sensitive current in toad rod of complete 
replacement of Na in Ringer's by choline and Li. External Ca was 
maintained at | mM throughout. Recordings were made from the 
same rod with a current-to-voltage converter connected to the 
suction pipette. Time courses of solution changes, as indicated by 
junction currents, are shown above the traces. 

Methods: The valve which controlled solution changes was oper- 
ated pneumatically and with electronic timing so that the solution 
changes could be reproduced exactly many times. Traces were 
obtained from total recorded current (light-sensitive current plus 
junction current), measured in darkness, minus junction current, 
measured in a repeated run in bright light. Outward light-sensitive 
current across the outer segment is plotted upwards. In addition : 
to 110mM Na, choline or Li, the solutions also contained 2.5 mM 
K, 1.6mM Mg, 1.0mMCa, 117.7mMCI, 5mM tetramethyl 
ammonium (TMA)-HEPES, 5 mM dextrose and were buffered to 
pH 7.65. The choline trace is averaged from two dark minus two. 
light trials; the Li trace is from the difference between single dark 
and light trials. All recordings were low-pass . filtered at 100 Hz. 
8-pole, and bright steady light for junction y measurement 

delivered 80-189 photons (500 nm) um < ' unpolarized. 


































study the light-sensitive conductance before it collapsed upon 
removal of all external Na‘* ; 
The solid trace in Fig. I shows an experiment in which all Nz 
in the perfusing Ringer's was briefly replaced by choline, a 
cation with little or no ability to go through the light-sensitive. 
conductance'*'*"*. The initial rapid reduction in current upon | 
Na removal indicates removal of most or all of the Na current, | 
while the small initial current jump upon restoring Na probably — 
represents Na current going through a substantially lower light 
sensitive conductance caused by the failure of choline to drive 
the Na-Ca exchanger and maintain open conductance. Thi 
delayed secondary increase in current probably reflects the 
gradual reopening of the conductance due to the reactivatior 
of the Na-Ca exchanger by Na, which leads to lower intern 
Ca. The dashed trace in Fig. | was obtained from the same cell: 
with Li replacing Na. There was no initial drop but rather a` 
slight increase in current upon Li substitution, but thereafter. 
the current did decline to a low level. Upon restoring Na there 
was no initial jump in current, but the secondary rise wa: 
identical to the choline case. These results suggest that Li goes: 
through the light-sensitive conductance as well as or slightly 
better than Na but that it cannot run the Na-Ca exchanger. In _ 
the squid axon Li also cannot substitute for Na in driving the Soe 
exchanger’”. A 
Figure 2a shows a similar experiment in which x completely. a 


a. 


princes Na. Like the Li case, there’y was an excess Of apo 










rent reductions i in choline abd: in 1K the s permeability fi ratio } í 
was estimated to be about 0-6. Besides carrying current 
K also tended to reduce the light-sensitive conductance 


2b shows that at ‘when 20 mM or 55 mM Na was replace : 
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st-on rod light-sensitive current of the replacement of 

in Ringer’s by K. | mM external Ca throughout. a, Complete 
alacement. b, Partial replacements. Two separate cells in a and 

. The junction currents are already subtracted in each trace. All 
ther i ionic concentrations are the same as in Fig. | (including the 
xtra 2.5mM K). In a, the choline record is averaged from the 
differences between two dark and two light trials (alternated) while 
‘the K record is averaged from the differences between four dark 
i and ton Pie trials: In b, each of the choline and K records i is 


anger, as suggested by the increased delay in recovery after 
exposure (Fig. 2b). Indeed, the recovery after 55 mM 

‘mM K was as much delayed as that after 0 Na, 110 mM 

(see Fig. 2a), when the Na-dependent Ca efflux is 
imably fully inhibited. Part of this K inhibition is probably 

due to a membrane depolarization effect on the exchanger, 
sulting from high K leaking into the pipette and affecting the 
nner segment, but there may also be a direct inhibition by K 

-on the exchanger. 

-Tt has previously been shown that low external Ca sub- 


stantially increases the light-sensitive current in rods”''*, 


apparently by reducing internal free Ca'*. This provides a more 
riking way to demonstrate passage of Li and K through the 


conductance. In Fig. 3a and b the outer segment was initially 

xposed to a ‘priming? solution containing 55 mM Na, 55 mM. 
, which caused the light-sensitive current 
» climb slowly to a high level. At the plateau level an additional 
\ mM Na, Li or K was added and the resulting current increases 


joline and 1 uM Ca’? 


ere compared. From the slopes or initial peaks of the current 
nereases, the Li: Na permeability ratio was found to be near 


y and K:Na was about 0.7, both similar to the estimates l 


onal 55 mM Na caused rather little slow secondary increase 
rrent after the initial j jump also suggested that the conduct- 


jas near its maximum in the 55 mM Na, 1 wM Ca solution. 
ie same manner Rb and Cs were found to go through the 
ensitive conductance (data not shown). The permeability 
b: Na was ~0.4-0.5, and Cs: Na was ~0-2-0.3. In addition, - 
ad an inhibitory action like K. Since the relative selectivity ` 
onovalent cations seems to stay unchang di in normal and a 


conditions, | low Ca perhaps si 
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Fig. 3 Comparison of light-sensitive currents carried by Na, Li. 
and K after the conductance was increased or ‘primed’ by a solution’ 
containing 55 mM Na, 55 mM choline and | pM Ca. Two separate . 
cells in a and b. Junction currents, shown magnified above the 
light-sensitive currents, indicate the time courses of solution 
changes. The junction currents are already subtracted in each trace. 
All traces are from single trials. In addition to Na, choline, Li and- 
K in various isotonic substitutions, the buffered 1 pM Ca solutions 
contained 2.5 mM K, 1.5 mM Mg, 0.093 mM Ca, 2 mM Mg-EDTA, 
5mM TMA-HEPES, 5 mM dextrose and were buffered to pH 7.6 
{see ref. 14 for Ca buffering). i 


Ca solutions. A large light-sensitive Ca current was similarly 
detected when the rod outer segment was exposed to isotonic 
Ca immediately after the 55 mM Na, ! uM Ca priming solution 
mentioned above’, though for reasons still not well understood 
no Ca current could be observed when Na in normal Ringer’ 5 
was completely replaced by Ca. Ba and Sr generally have per- 
meation properties similar to Ca”’; it therefore seems most likely 
that Ca does go through the conductance in normal Ringer’s, 
In physiological conditions such a Ca current is perhaps small. 
relative to the Na current because of the large difference in their 
extracellular concentrations (1 mM versus 110 mM). A small 3 
steady Ca influx through the light-sensitive conductance co 
however, provide a simple replenishment mechanism for interna 
Ca, which otherwise would be gradually depleted by ex rusi 
to the cell exterior in the presence of light®!°. n 

The above experiments support and extend earlier obse 


tions that when external Ca is extremely low (<1 uM), catio 
_other than Na can. go through the light-sensitive co 
-ance'*+!4.!8:21.22 They also underscore the key role of the Na 

l exchanger in maintaining the open conductance and expla 
a why earlier experiments with slower solution: changes did no 














| e reversal potential for the rod light response being at 0 to 
+10 mV" 
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In a wide variety of cells, various intracellular agents, such as 
Ca” (refs 1, 2), ATP** and cyclic nucleotides*”*, regulate ionic 
conductances of the membrane. In cardiac cells, the intracellular 
Na* concentration ([Na*];) frequently increases when a disturb- 
ance occurs in the electrogenic Na~K pump activity or the 
Na-Ca exchange mechanism. We have investigated a possible 
-role of [Na" jin controlling ion channels by using a patch-clamp 

. method’, and have found a K* channel that i is gated by [Na‘]; 
->20 mM, but not by the intracellular Ca?” concentration 
Aag. 1074 M). We report here that the channel has a unitary 
< conductance of 207+ 19 pS(n = 16) with K* concentrations of 
150 mM outside and 49 mM inside, and shows no detectable 
` yoltage-dependent kinetics. The Na“ -activated K* channel rep- 
resents a novel class of ionic channel. 

In our experiments we used guinea pig ventricular single 
myocytes, dissociated by treatment with collagenase*” (0.04%; 
igma type-I). In the inside-out patch clamp experiments, at 

three types of single-channel activities were observed with 

ipette solution containing 150 mM KCI. One type of channel 
s identified as the inward rectifier K* channel! ®™*? as it had 
lope conductance (y) of 32 ps, a reversal. potential (25- 
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opening probability of the channel decreased with hype 
ation. For the second type of channel, y was 94 ps. (Fig. la 
and there was little voltage dependency in the opening proba 
ity. The reversal potential of this channel was 30 mV, wł 
was also close to Ex. The channel opening was blocked by 2 mN 
ATP inside the membrane. Thus, this channel is identical to the. 
ATP-sensitive K* channel reported previously*. The third typ 
of channel activity (Fig. 1aijii), however, has not been described. 
previously; the y for this channel was 220 pS (range 179~- 
240 pS) in the potential range —60 mV to 0 mV. The reversal | 
potential was 28 mV (Fig. 16; mean = 28.725,5 mV, n= 12), yy ce 
which is very close to Ex. With 50mM K* and 100 mM Na = 
in the pipette, y was 77 pS (n= 3) and the reversal potential T 
was I mV, suggesting a 58 mV change for a 10-fold change in- 
external K^ concentration. Therefore, we conclude that this 
channel is selective for K”. The slope conductance decreased 
at potentials more positive than 20 mV with 150 mM K” in the 
pipette (Fig. 15), indicating an inward rectification of the single- 
channel current. Opening of the channel was usually accom- 
panied by closures of short duration, which yielded bursts of 
openings (Fig. laii). With 100 mM Na” on the inner side a 
the membrane, long intervals between bursts occurred onig 
rarely. Therefore, the mean open and closed times were obtained 
from the arithmetical mean of the open or closed times. Thgs 
mean open and closed times were 8.4+ 2.0 ms and 6.54 3.5 
(n= 4), respectively, at 0 mV. The opening of the channel w 
unaffected by 2 mM ATP on the inner surface of the membran 
The probability of opening (P) was 0.49-0.54 and showed little 
voltage dependency at potentials between —40 mV and +20 m 
(Fig. 1c). Thus, this type of K* channel differs from. both the 
inward rectifier channel and the ATP-sensitive K` channel in 
single-channel conductance, mean open time and ATP sensi: 
tivity. 
The value of P was found to depend on [Na]. Figure 2a 
shows that the activity of the channel was almost negligible in 
Na’-free bathing solution (substituted by Tris”); activity. : 
appeared only after the bath was perfused with 50 mM Na”. 
We obtained similar results in eight other patches using Tris” 
or choline” as a Na” substitute. In contrast, [(Ca°*], of 10°7M 
failed to activate the channel (Fig. 2b). In this patch, we observed 
two channels after activation with 100 mM Na’. Even when the 
channel was activated by Na”, increasing [Ca^ h to 10° Mh 
no significant effect on P. The inability of Ca?” to activate the-s 
channel was confirmed in. three other patches. Figure 3 shows 
the dose-response relationship of [Na"]; to P for five patches 
The channel was activated at about 20 mM, and P was 0.552. 
0.10 (n =7) at 100 mM [Na"];. For a kinetic analysis, we con- 
sidered, as a first approximation, a kinetic scheme having one 
open state and two closed states: 
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open = closed === closed 
By Ba 


The transition rate constants ($~), calculated from the exponen- 
tial distributions of the open and closed times‘? for a particular o 
case with 50 mM K“ in the pipette at —40 mV, were: ay = 422). 
Bı = 398, a, = 14.2 and B, = 63.1 (t, = 2.51 ms, f = 2.05 ms and 
t, = 81.3 ms) with 30 mM Na” inside, ane a =518; B,=235, 
a =44.3 and B.=82.4 (1,=4.24ms, t=1,.64ms and f= o 
26.4 ms) with 50 mM Na’, where t tos tj aa t are time constants | 

of the open time distribution, and the fast and slow components” 
of the closed time distribution, respectively. Thus, intracellular 
Na* affects all the rate constants. Among these effects, the 
predominant one might be an increase of a, which correspond 
to a decrease in the interval between bursts. Within the p 
range 8.0-6.5, P did not change significantly (n= 3). Li 
(100.mM) could not substitute for. Na in the acti yatior “Of 
channel. : 
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“Fig. 1 Single-channel currents of three types of K* channel in inside-out patches. a, Current traces (recorded at potentials between -60 mV m 
. +60 mV) of the inward rectifier channel (i), ATP-sensitive channel (ii) and Na*-activated K* channel (iii). b, Current-voltage relationship 
of the channels in ai (O), aii (A) and aiii (O). The conductances measured at the linear part of the inward current were 32, 94 and 220 pS, 
espectively. c, Opening probability of the Na’-activated channel in a different patch measured by integrating the current for at least 16s. 
The compositions of the pipette and bath solutions were the same as for aiii. The pipette solution consisted of (in mM): KCI, 150; CaCh, 
8; HEPES buffer, 5.0, pH 7.4. The bath solution for ai, aiii and c contained (in mM): KCl, 40; Na aspartate, 100; MgCl, 0.5; KH;PO,, 
.0; EGTA, 1.0; HEPES buffer, 5.0; glucose, 5.5; K,-ATP, 2.0, with the pH adjusted to 7.4 by adding aspartic acid. In the patch illustrated. 
in ail, ATP was 0. 5 mM; for the others the same concentration as in ai was used. Temperature of the perfusate was kept at 30-35 °C. i 


side of the cell was ; first dialysed with a Na”-free solution, more positive than —24 mV. It is not clear whether this i is die: 
ile perfusing the bath with Ca**-free Tyrode’s solution. When to a property of the Na” -activated channel or an activation of 
pipette solution was changed to 45 mM Na” solution, there other conductance systems. | a 
a shift in the current-voltage curve consistent with the These results indicate that. intracellular Na” regulates. th 
ation of an outward current. The reversal potential of the gating of a specific type of K* channel. The Na*-activated Kt 

f ivated conductance was —66, —67, meee and —75 mV in four channel can be characterized by its large conductance (207 pS) 5 
jals with three cells, consistent with Ex of -74 mV. The current its inward rectifying property and its lack of appreciable voltage | 
uced by intracellular Na” shows an inward rectification dependence of P. K” channels of very high conductance — 
around its reversal potential, but outwardly rectifies at potentials | (~240 pS) have been reported in several tissues’*, most of which 
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Fig. 2 a, Activating effect of [Na]; on the 
channel. Bath solutions with and without 
50mM Na‘ (0 [Na"] substituted by Tris”) were 
alternatively perfused. Membrane potential 
was held at —30 mV. The opening probability _, a + 
(P)in 50 mM Na‘ was 0. ae pada) b : 30 mM ae oa 24 100 mM (Na*) 
-= atthe second trial. b, Lack of activating effect _ 107M (Ca }) 10 MCa ) 3x10 M (CEt) 
>of [Ca]; on the channel, The bath solution | a 
contained 30mM Na and 70mM_ Tris”. 
: {Ca |, buffered with Ca- EGTA buffer, was 
“raised from 107’ to 1074M, as calibrated by a 
Ca**-sensitive electrode (Orion Res. Ine., 
ambridge, USA). Two channels were acti- 
ated in the same patch by 100mM Na’, in E 5 
which P was initially 0.23 and gradually © 100 mM (Nat) 
increased to 0.48. c, Effect of [Ca?*], on the og | oe me Oe 
annel activated by 100mM Na”. Interrup- 107M (Ca) = 6100 M (Ca ) 
tions of the trace, lasting 3 min. represent the a O ae m- 
change of [Ca]. The values of P. before, 
during and after the elevation of [Ca t] from 
ae to 10°°M were 0.60, 0.57 and 
respective 
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= Dose-response relationship between 
a” |, and the opening probability of the channel. 











hes as indicated by the different symbols. A 
retical curve was drawn according to the 
lowing equation: P=0.85/1+(Kp/Na;)", 
ere Kp is a dissociation constant and n is Hill’s 
oefficient. Using a least-squares fit, the values 
f Kp and n were found to be 66 mM and 2.8, 
espectively. The data indicated by solid circles 
rere obtained in an opened cell-attached patch, 
ere a part of the cell membrane was chemically 
nned by treatment with saponin (10 mg ml ') 
while keeping the cell-attached patch intact. 



































e Ca**-activated K* channels. It is of interest that the inward 
ctifier current in starfish egg cells requires intracellular Na™ 

-be activated by hyperpolarization™*. A similar mechanism 
ight underlie the interaction of Na~ with the channel reported 


In normal cardiac cells, [Na*]; has been reported to be 
<10mM (refs 15, 16), a concentration which is balanced 
tween the influx through Na” channels, the Na-Ca exchange 
rechanism and other passive leakage pathways, and active 
trusion via the Na-K pump’’ as in other excitable cells. A 
olonged failure of Na” pumping increases [Na™];, resulting in 
ess efficient Ca*” extrusion by the Na-Ca exchange, or even 
a reversal of this mechanism due to a decrease in the Na” 
iving force’*!°, Activation of K* conductance by the elevated 
a” |, might improve the Ca?* transport by opposing depolariz- 
on of the cells. | 
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surements were performed in five different e 


Fig. 4 Activation of a K” conductance by an increase in {[Na`}; in the whole-cell clamp. a, > 
Current traces recorded with Na*-free internal solution (©) containing (in mM): K-aspartate, ` 
90; Tris-HCI, 50; K-ATP, 5; EGTA, 5, pH 7.4. Thereafter, 45 mM Tris-HCI was replaced 
with equimolar NaCl (A). The bath solution contained (in mM): NaCl, 143; KCI, 5.4; MgCl E 
0.53; NaH,PO,, 0.33; glucose, 5.5; HEPES buffer, 5.0, pH 7.4. The holding potential wa 
set at —43 mV to inactivate the Na” current. Test potentials are indicated at the left of each. 
trace. b, Current—voltage relationship for the cell in a. The slope conductance. at. -67 mV- wa 


with lesions typical of demyelination « 
| findings ] have major implications for the immunological mechan: 
isms involved in experimental and Ha ee ing 
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The autoimmune disease of the central nervous system (CNS), a 
experimental allergic encephalomyelitis (EAE), is induced by 

challenge of genetically susceptible animals with spinal cord _ 
homogenates or myelin basic protein (MBP)*~ “4, Chronic and | 
relapsing forms of the disease have some similarities. tohuman 
demyelinating disorders, namely, multiple sclerosis"*~’, andare 
of particular interest. EAE can be transferred passively with = 
sensitized lymphoid cells into syngeneic animals” but transferred 
EAE has been believed to have limited relevance to. human x 
disease because it is usually monophasic and manifested by — 

minimal demyelination’. We report here that a single transfer — 

of MBP-sensitized lymph node cells or T cells, in the absence 
al antigen depot, leads to both acute EAE with 
significant primary demyelination, and chronic relapsing disease 
er a long period. These 
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Fig. 1 Acute passively transferred EAE, 14 days post-transfer 

(1 um epoxy sections stained with toluidine blue). Thoracic spinal 

cord. Higher magnification shows demyelinated axons (small 

arrows), large mononuclear cells containing myelin debris and at 

the edge of the lesion, polymorphonuclear leukocytes (large 

arrows). Some axonal damage and unaffected fibres are seen below. 
x600. 


ice, 6-10 weeks old, were injected subcutaneously at four 


i sites, with 400 ug GPBP and 30 pg Mycobacterium tuberculosis 


in complete Freund’s adjuvant''. Ten days later, the animals 
were killed; the draining lymph nodes were removed and passed 
through mesh in Hank’s balanced salt solution (HBSS) to obtain 
a single cell suspension, Total lymph node cell (LNC) sus- 
pensions or B-cell-depleted suspensions, prepared by panning 
on anti-mouse IgG coated plates'*, were adjusted to 4x10 
per ml and cultured in the presence of GPBP’'. Four days later, 
the cells were removed and washed extensively. B-cell-depleted 
LNC were depleted further of adherent cells’? by two successive 
incubations on Petri dishes precoated with fetal calf serum for 
90 min at 37°C. The desired numbers of LNC or T cells in 
0.2 ml were inoculated into the tail vein of syngeneic recipients. 
Animals were observed daily for clinical signs of EAE. The 
severity of the disease was graded on a scale of 1-5 (ref. 11). 
Relapses were only scored when a mouse developed a similar 
or more severe neurological deficit following a previous 
improvement. Routine histology was performed as described 





previously*. Selected animals between 14 days and 3 months 
after inoculation were perfused with 20 ml of 2.5% glutaral- 
dehyde in PO, buffer and post-fixed in 1% osmium tetroxide. 
Blocks were dehydrated in ethyl alcohol and embedded in Epon 
812. Epoxy sections 1 um thick were stained with toluidine 
blue’. 

All recipients of 2-6 x 10’ LNC or T cells developed clinical 
and histological signs of acute EAE 7-10 days after inoculation 
(Table 1, expts 1, 2). A few recipients of 7 x 10° cells showed 
a delayed onset of clinical disease as late as 82 days after transfer. 

Approximately 20% of mice receiving 6X10’ LNC died. 
After 2 weeks, the remaining mice with acute EAE either 
stabilized clinically, or gradually recovered with residual signs. 
At this time, some mice were killed for pathological examination 
and others were maintained for long-term clinical observations. 
Morphologically, the CNS of mice with acute disease showed 
perivascular inflammatory infiltrates in the meninges and 
parenchyma. The latter contained large lesions consisting of a 
primary wave of polymorphonuclear leukocytes which was fol- 
lowed by mononuclear cells. There was widespread loss of 
myelin but remarkable sparing of axons throughout the CNS, 
particularly in the subpial portion of spinal cord (Fig. 1); axonal 
degeneration was occasionally observed. 

In five consecutive experiments, every mouse which recovered 
after the acute attack developed chronic relapsing disease. This 
usually began 30 days after the initial attack, After each relapse, 
the animals’ conditions improved, but never returned to normal 
and with time there was progressive deterioration. Two rep- 
resentative experiments are shown in Table 1. In all studies, the 
potency of the adoptive transfer of chronic relapsing EAE, as 
judged by the number of relapses, the interval between relapses, 
clinical severity at the end of each attack and pathology was 
proportional to the number of LNC or T cells transferred. 

Mice with chronic disease showed large lesions (Fig. 2) which 
were gliotic and contained inflammatory infiltrates consisting of 
a few polymorphonuclear leukocytes, many lymphocytes and 
macrophages. Although some axonal depletion was found, 
primary demyelination with sparing of axons was always evident 
and CNS remyelination was common (Fig. 3). The optic nerves 
were severely affected and dense collections of inflammatory 
cells were found within the angus of the lateral ventricles. 

Chronic relapsing EAE has been induced in guinea pigs?” 
and mice* by subcutaneous inoculation of CNS homogenates. 
Immunization with MBP may lead to relapsing disease in 


Table 1 Adoptive transfer of chronic relapsing EAE in SJL/J mice by LNC primed in vivo and cultured in vitro with GPBP 





Type and no. of cells 


transferred X10~’ Day of first attack 


Expt 1* 
LNC 
6 6 3 
6 7 4 
6 7 4 
6 6 4 
2 10 4 
2 10 3 
2 11 2 
2 11 2 
0.7 10 2 
0.7 10 2 
Expt 2 
T cells 
2 10 3 
2 10 4 
2 10 4 
2 10 4 
0.7 10 2 
0.7 10 2 





* Observation period was 180 days for this experiment. 
+ Mice were killed for histological study. 


t LNC were depleted of B cells before the culture and of macrophages after the 4-day culture. The observation period for this experiment was 
95 days. 
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Clinical stage at 
first attack 


No. relapses and day after 
transfer each occurred 


Clinical stages at 
each relapse 


5(42, 69, 119, 142, 168) 3, 
5(41, 72, 114, 139, 170) 3 
4(39, 75, 118, 152b) 4, 
1(38, died on 58) 
2(49, 95)7 4 
2(51, 92)7 3 
4(54, 84, 110, 159) 3 
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Fig. 2 Chronic relapsing EAE, 3 months post-transfer. Large, 
demyelinated gliotic lesions are seen in the dorsal and antero- 
lateral columns (arrows). Upper cervical spinal cord. x35. 


rats'*"° and mice'’. Injection of galactocerebroside with MBP 


augmented the lev el of demyelination observed in guinea pigs'*, 
and contamination of MBP preparations with lipid components 
has been reported'’. These observations raise the possibility 
that trace amounts of lipids in our antigen preparation could 
contribute to the recurrent disease. Although this cannot be 
excluded, we believe it is unlikely because MBP prepared by 
the method used in this study does not produce demyelinating 
disease in guinea pigs. 

Only acute EAE has been transferred to naive recipients 

either by sensitized lymphoid cells*! 1-162% or by T-cell lines** 
Previously it was shown that the cells responsible for the transfer 
of acute murine EAE are Lyt-1~2~ T cells'’. Recent work 
suggests that this subset of lymphocytes recognizes antigen in 
conjunction with class II molecules of the major histocompatibil- 
ity complex (MHC). Although the reactive cells are directed at 
MBP, it is believed mostly to be localized in the major dense 
line of the myelin membrane?" and therefore inaccessible to 
normal immune surveillance. Thus, reaction between MBP and 
immune cells may occur at some site other than the myelin 
membrane. MBP released during myelin turnover may be pro- 
cessed and presented to reactive cells. Indeed, macrophages?" h 
endothelial cells within the CNS*° and oligodendroglia?” have 
been reported to bear class II MHC molecules and could present 
antigen to immune cells. MBP is detectable in the blood of most 
species™ which may help maintain immunological tole rance?’ 
If MBP enters the circulation via the vascular endothelial cells, 
the luminal surface of such cells may be a site for interaction 
between immune cells and MBP*. This could lead to inflamma- 
tion and result in subsequent myelin breakdown through a 
by-stander effect?” 

The mechanisms responsible for relapsing demyelinating dis- 
ease in the absence of injected antigen are not known. One 
possibility is that MBP in antigen presenting cells is transferred 
along with the immune T cells and stimulates immune reactivity 
already present, but our previous findings with radiolabelled 
MBP indicate that the amount transferred would be less than 
50 ng per animal''. Further, T cells depleted of antigen present- 
ing cells still produced the chronic disease (Table 1, expt 2). 
Another possibility is that the acute disease produced by trans- 
ferred T lymphocytes causes release of myelin antigen(s). MBP 
released with other myelin components during tissue damage 
may be more immunogenic than soluble MBP, and „lead to 
alternation between the diseased and tolerant states™”. Such 
antigen could either induce an immune response in the recipient 
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Fig. 3 Chronic relapsing EAE, 3 months post-transfer. At the 

edge of a chronic lesion, demyelinated axons (small arrows) and 

remyelinated axons (large arrows) can be seen. Towards the more 

normal white matter to the left, myelin degradation by large 
macrophages is apparent. X600. 


or lead to an expansion of transferred memory effector cells. 
Rats immunized with cells from effector T-cell lines obtained 
from MBP-primed animals developed acute EAE but recovered, 
although they continued to harbour anti- MBP memory T cells 
in the thymus for months after the cell transfer”. Finally it is 
also possible that the acute disease induces an immune response 
against components of myelin other than MBP. Identification 
of the pathogenetic mechanisms responsible for the chronic 
autoimmune disease are of considerable importance because 
similar processes could occur in human demyelinating disorders. 
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a | : During receptor-mediated phagocytosis, macrophages release 
__. toxic molecules such as hydrogen peroxide which enable them! to 
_ kill antibody-coated tumour cells’ and parasites’, too large to 


consume. Previous workers observed that while peroxide was 
learly responsible for cytolysis of certain antibody-coated tumour 
ells? extracellular catalase was unable to inhibit this cytolysis, 
nd they suggested that macrophages secrete peroxide into a 
otected cleft between the phagocyte and target. We have tested 
his and report here that the space beneath macrophages spread 
glass surfaces is accessible to proteins with a molecular weight 
[W) as large as 200,000 but the space beneath macrophages 
plated on glass surfaces coated with phagocytosis-promoting 
ligands is impermeable to proteins as small as 50,000 MW. It 
pears indeed that macrophages form a protein-tight seal at the 
‘iphery of their contact with ligand-coated surfaces and thereby 
create a closed compartment between the cell and the target. 
To examine the ability of soluble proteins to permeate the 
zone of contact between a macrophage and a ligand-coated 
target, glass slides were coated with dinitrophenol (DNP)*° and 
then with a monoclonal IgM anti-DNP antibody to give a 
IgM-coated surface (Fig. 1). IgM is not recognized by receptors 
n the macrophage, and therefore they spread on these surfaces 
as they would on glass or plastic. The purpose of the IgM-coated 
surfaces to provide binding sites for fluoresceinated anti-IgM 
ntibodies. In parallel experiments, we incubated the DNP 
irfaces with a mixture of IgG—anti-DNP and IgM~—anti-DNP 
g. 1). The Fe domain of IgG is recognized by Fe receptors 
macrophages, thus when the cells settle on such IgG-bearing 
faces they produce hydrogen peroxide! and spread exten- 
ely as though in an attempt to phagocytose the slide. 
luman monocytes cultured for 4-12 days in Teflon beakers’ 
sre allowed to adhere to one of these ligand-coated surfaces. 
hey were then incubated at 20 °C for 1.5 h with fluoresceinated 
anti-[gM, washed, fixed, and viewed with a fluorescence micro- 
scope. This antibody binds uniformly to IgM-coated substrates, 
even directly under the macrophage (Fig. 2c) and indicates that 
the space between the undersurface of adherent macrophages 


Fig. 1 Construction of ligand- 
coated surfaces. Masked slides (Carl- 
son Scientific) were treated with 
<< poly-L-lysine then with 2,4- 
_ dinitrobenzene sulphonate to yield 
= DNP-coated surfaces®. These sur- 
“faces were treated with 10 ul of 
< murine monoclonal IgM anti-DNP 
-(4 :200 dilution of ascites fluid) with 
or without 10pgml7' of affinity 
urified rabbit IgG anti-DNP (ref. 
15) for 30 min at 20°C. The surface 
was. washed and macrophages were 
lowed to adhere to it. Fluorescein- 

ted goat anti-IgM antibodies (IgG 

or the F(ab’),, or Fab fragments 
Cappell)) were diluted 1:100 in 
hosp ; 


IgG anti-DNP 
PA 
IgM anti- DNP 


and the substrate is accessible to soluble proteins. In cor 
on IgG +IgM-coated surfaces, the fluoresceinated anti-IgN 
excluded from the zone between the phagocyte and the substra 
leaving ‘black holes’ in the fluorescent surface that correspon 
closely to the margins of the spread macrophage (Fig. 2a). Th 
Suggests that during phagocytosis, macrophages make a tigi 
seal against the target surface that excludes soluble protein. 
We have done several experiments to eliminate alternat 
explanations of these observations. The exclusion of fluoresceir 
ated anti-IgM from the space beneath a phagocyte on an Ig 
coated surface is not a consequence of the greater spreading or 
the evolution of peroxide seen when macrophages interact with 
IgG. If cells are treated with the tumour promoter, phorbol 
myristate acetate (PMA), the cells spread extensively and evolv 
large amounts of peroxide", However, PMA-treated cells do 
not exclude fluoresceinated anti-IgM from their regions of con- 
tact with control IgM-coated surfaces (data not shown). Furthe: 
neither phagocytes nor their secretion products quench the 
antibody fluorescence because, when fluoresceinated anti-IgM 
is added to the IgG +IgM-coated surface before the cells are: 
plated, the surface remains uniformly fluorescent. Finally, the 
cells do not consume or destroy the antigens recognized by th 
fluorescent antibody. When cells that had formed black ho 
are permeabilized with 1% Triton X-100 (in phosphate-buff 
saline, 10 min, 5 °C), the IgM underlying the former holes ca: 
be stained with fluorescent antibody (data not shown). | ~~ 
_ We have confirmed our observations using electron micro 
scopy. For these studies, we used horseradish peroxidase- 
labelled IgG anti-IgM (HRP anti-IgM) instead of fluorescent 
antibody, and the HRP anti-IgM was visualized by staining with 
diaminobenzidine. Sections cut perpendicular to the substrate 
show that HRP anti-IgM_ readily penetrates beneath 
macrophages spread on IgM-coated surfaces ( Fig. 3a), but HR 
anti-[gM cannot penetrate beneath macrophages engaged ina 
‘phagocytic’ interaction with IgG +IgM-coated surfaces (F 
3b). The penetration of HRP anti-IgM stops within. 0. 
(+0.15) um of the margin of the cell, in a zone where the pla 
membrane appears tightly adherent to the substrate. The entir 
plasma membrane is not, however, tightly adhered to IgG - 
IgM-coated surfaces, The membrane underlying the central are: 
of the macrophage resembles that of a macrophage spread oi 
a control substrate with interspersed regions of close apposition 
and regions well separated from the substrate (Fig. 3). Thus,- 
there exists an open space or compartment between the cell. 
membrane and substrate that is inaccessible to external proteins. 
The exclusion of protein from the macrophage-substrate 
interface is not a simple physical consequence of receptor-—ligand 
bridging. Macrophages have receptors for the third componen 
of complement, C3, that mediate binding but not phagocytos 
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Fig. 2 Staining of ligand-coated 
substrates with fluoresceinated anti- 
IgM. Macrophages were cultured for 
10 days in Teflon beakers, collected, 
then allowed to spread for 45 min at 
37°C on IgG +IigM-coated surfaces 
(a, b) or IgM-coated surfaces (c, d). 
The surfaces were then incubated for 
: 1.5h at 20°C with a 1: 100 dilution 
of fluoresceinated anti-[gM. Prepar- 
ations were then washed, fixed in 3% 
formalin (diluted in phosphate- 
buffered saline) for 30 min at 20°C, 
and photographed with a fluores- 
cence microscope. The right-hand 
panels (b, d) are phase contrast 
photographs, and the left-hand 
A panels (a, ¢) are fluorescent photo- 
graphs of the same fields. Note that 
the IgM-coated surface underlying 
; the cells is uniformly stained with the 
| fluorescent antibody (c) but that cells 
spread on the IgG +1gM-coated sur- 
face protect the underlying antigens 
from binding the fluorescent anti- 
IgM (a). The centre of the cell 
appears bright owing to yellow autofluorescence that is easily distinguished from the green fluorescence of the antibody. In this experiment, 
1 fluoresceinated F(ab’), fragments of anti-IgM were used. Similar results were obtained using fluoresceinated Fab fragments or fluoresceinated Í 
| whole IgG. Scale bar, 20 um. 
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Fig. 3 Ultrastructural localization of horse radish peroxidase-labelled anti-lgM (HRP anti-lgM) on ligand-coated substrates. Macrophages 

were cultured for 8 days in Teflon beakers, collected, then allowed to spread for 45 min at 37 °C on IgM-coated surfaces (a) or IgG + lgM-coated 

surfaces (b). The surfaces were then incubated for 1.5 h at 20°C with a 1: 100 dilution of HRP anti-lgM, washed, then fixed for | h at 20°C { 
with 2.5% glutaraldehyde. HRP was stained using diaminobenzidine’®, the specimens were treated with 1% osmium tetroxide, and were then ~ > 
embedded in resin'’. Sections cut perpendicular to the surface were viewed in an electron microscope without further staining. The 
electron-opaque reaction product generated by HRP is seen coating the entire IgM-coated surface, even directly under spread macrophages 
(a). In contrast, reaction product is not seen beneath cells spread on IgG +IgM-coated surfaces (b), even in locations where the plasma 
membrane rises from the substrate revealing an open space between the membrane and substrate (arrows). Boxed areas are shown in 3.5-fold 

enlargements. Scale bars, 0.1 pm. 
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: by incubating IgM-coated surfaces with a 





eptor activity is lost from the apical portion of the cell? 
cause of diffusion of the receptors to the basal surface where 
they are ‘trapped’ by interaction with ligand''. However, despite 











dily beneath the macrophage. (To observe this, macrophages 





45 min with murine IgG anti-C3, then for another 45 min with 


-= microscopy.) In contrast, stimulated macrophages are able to 
_. phagocytose via their C3 receptors; the addition of 30 ng ml”! 
PMA to macrophages cultures increases phagocytosis promoted 
by C3 receptors 10-50 fold’. Macrophages plated on a C3-coated 
_ Surface in the presence of PMA exclude IgG anti-C3 from the 
-interface with the substrate (data not shown). These experiments 
demonstrate that sealing of the contact zone between 
macrophage and target is not caused by receptor-ligand interac- 
tion alone but that cytoplasmic movements initiated by receptor- 
gand interaction causes the sealing. 
The spreading of cultured cells on glass or plastic has been 
kened to the cells’ attempt to phagocytose a particle of infinite 
diameter. Here we show, however, that spreading and 
phagocytosis appear quite different. After spreading, the space 
ween macrophage and substrate is freely accessible to pro- 
isas large as 200,000 MW, but during a ‘phagocytic’ interac- 
ion with the substrate, proteins as small as 50,000 MW (Fab 
fragments of fluoresceinated anti-IgM) are excluded from the 
_phagocyte-substrate interface. Thus it appears that the seal 
between macrophage and substrate is brought about by cellular 
“movements characteristic of phagocytosis but not by the move- 
ments of spreading. 
5 During phagocytosis, macrophages form the seal as a con- 
tinuous rim-at the leading edge of the advancing pseudopod, 
thus creating a closed compartment between phagocyte and 
arget (Fig. 3). This observation is consistent with previous 
electron microscope studies which show the phagocyte’s plasma 
embrane tightly appressed to the target at the leading edge 
d an open space between the macrophage and target at the 
se of the forming phagosome'™'?, The presence of such a 
yrotected compartment has been predicted from experiments 
-the cytolytic action of phagocytes*** and from studies of 
igand-induced modulation of Fe receptors'*'* and the data 
resented here provide evidence for its existence. We believe 
hat this compartment is used to concentrate, protect and target 
‘toxic substances that may be specifically released into this space 
__ by the phagocyte. 
= We thank Dr V. Nussenzweig for the generous gift of mono- 
lonal IgM anti-DNP, and Dr G. Kaplan for help with photogra- 
phy. This work was supported by USPHS grant CA 30198. 
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Two recent reports’? have suggested that the junctional membran 
of the cells located at compartment boundaries in developing i insect 
epithelia, although permeable to inorganic ions**, prevents the 
cell-to-cell transfer of the fluorescent tracer Lucifer yellow (LY). 
However, cells within a compartment are linked by junctions 
permeable to both inorganic ions and organic tracers" . These 
findings imply that junctional communication is important in tissue. 
development and that spatial selectivity may allow developmental 
autonomy in nearby compartments. The observation that LY wa 
occasionally seen to pass across the segment border of the milkwe 
bug Oncopeltus fasciatus’ suggested to us that the permeability 
the junctions of the segment border may be locally controlled. 
report here that the selectivity in the junctional channels at co 
partment boundaries in this insect is variable and under the con 
of a discrete population of border cells. The extent to which t 


boundary relative to that within the compartment is influenced = 
the culture medium in which the tissue is placed. 7 | 

Pieces of integument, containing three segment borders, were” 
dissected from the dorsal abdominal wall of fourth instar. 
nymphs of the mutant strain cb;wb (ref. 6). Epidermis of this: 
Stage was selected over that of the fifth instar studied previously’ 
because the cuticle is smoother at the segment borders and. 
allows greater cellular detail to be seen. The preparation w 
clamped in a culture dish containing one of three bathing med 
(Table 1), and examined at x40 objective magnification 
phase-epifluorescence’. Routine methods were used to mier 
inject dye into cells by iontophoresis’. 

The transverse border of each segment is usually marked 
the presence of several rows of elongated cells (‘border cell 
with their long axes parallel to the border’. The pigmentati 
and clonal origin of these cells suggest that they have a common 
lineage with the more posterior segment, that is, they are at the: 
leading edge of the segment”. The border cells confront the most. 
posterior cells of the segment ahead. Both these posterior cells: 
and the general cells of the posterior segment are normal in’ 
shape (regular polygons) (Figs 1-3). | 

Three fluorescent dyes were used to probe the junctiona 
permeability of the border cells: Lucifer yellow (LY, molecula: 
weight 457), 6-carboxyfluorescein (CF, molecular weight 376) 
and lissamine rhodamine B (LRB, molecular weight 559). Dye. 
was injected into a normally shaped cell one or two cells distant 
from the strip of border cells. The extent of dye spread was. 
recorded photographically (Figs 1, 2), while the rate of dye: 
passage in the cell sheet was ‘determined from spreads. = 
videotaped during dye injection'®"'. 

The cell-to-cell spread of all three dyes was radially asym- 
metrical (Fig. 1), as their passage into and across the strip of“ 
border cells was always retarded. In a typical LY spread (Fig: 
la), appreciable amounts of the dye passed into the cells next: 
to the source cell within 3s, and into the border cells within 
10s. A drop in fluorescence intensity coincided with the margins 
of the border cells. Within 30s the dye had passed across the 
border into the normally shaped cells of the next segment, $ 
image cell detail such as nuclei, vacuoles and cell margins... 
dead cell in the recipient segment was silhouetted by the dye 
diffusing around it. This was observed irrespective of whethêi 
the source cell was anterior or Lankan to the border. The 
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Fig. 1 Fluorescent tracers microin- 
jected into epidermal cells near the 
segment border pass across it, 
although a drop in fluorescence 
occurs in this region. Left: record of 
three different fluorescent tracers 
spreading rapidly across the segment 
border. Right: the same preparations 
shown in phase contrast. The posi- 
tion of the border is marked by the 
arrowheads above and beneath the 
micrographs. A, anterior segment; P, 
posterior segment. Scale bar, 25 ym. 
a, Lucifer yellow (LY) was injected 
into a cell (+) anterior to the segment 
border for 30s, the electrode was 
then removed and the extent of dye 
spread photographed immediately 
(60 s exposure). The spread of dye is 
impeded by the border. The appear- 
ance of the cells, imaged by dye 
localized in their nuclear regions, 
suggests that the border cells were 
not particularly elongated in this pre- 
paration. The source cell was 
damaged during electrode removal 
and failed to retain the dye. The dark 
area just across the border from the 
injection site is a dead cell imaged 
by the dye that diffused around it. b, 
Phase-contrast appearance of a. The 
most posterior cells of one segment 
are more opaque than the anterior 
cells of the adjacent segment. In 
some cells of preparations such as 
this one, the presence of small vesi- 
cles that exclude dye (diagonal arrow 
in a and b) allow the micrograph 
pairs to be matched up indepen- 
dently of the cell margins, which are 
often obscure. c, Carboxyfluorescein 
(CF) injected for 20s, into a cell (+) 
posterior to the segment border, and 
the extent of its spread photographed 
(7s exposure). CF has crossed the 
border within 30s of the start of 
injection. This dye fills the individual 
cells more uniformly than does LY 
(a). The tip of the electrode (e) was 
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left in the source cell after the period of dye injection was over. d, Phase-contrast appearance of c. In the centre of the micrograph the position 
of the segment boundary is marked by a thin intercellular space (horizontal arrow). Cell margins, although generally difficult to discern here, 
are seen as step-like drops in fluorescence in c. e, Lissamine rhodamine B (LRB) injected continuously for 120s into a cell (+) in the anterior 
compartment and the spread photographed (12 s exposure) with the electrode (e) still inside the source cell. This dye was the slowest to image 


cell detail across the border. f, Phase-contrast appearance of e. 


Methods: Cell preparations were excised from fourth instar nymphs in the middle of the instar, placed in medium 3 (ref. 15) and used within 
60 min of dissection. Dye was iontophoresed from an electrode (200-ms current pulses, | per s; strength in a, 60 nA; in c and e, 6 nA) inserted 
into a normally shaped cell (the source cell) one or two cells distant from the border cell strip. Placing the electrode in this position prevented 
the tip from crossing the border accidentally, either during its insertion into the source cell or due to any slight electrode drift during injection. 
Both could give a false positive for the dye passage across the border. The source cell was close enough to the border to allow dye to bank 
up against it, and passage across it to be detected. The entry of the dye electrode into the source cell was timed from the moment its membrane 
potential was recorded on the chart recorder, Criteria for a successful dye spread were a stable membrane potential, between 26 and 35 mV 
during the period of dye injection, and the presence of cell detail in the fluorescence image. 


features of the cell-to-cell passage of CF and LRB both within 
and between segments were the same as those for LY, although 
the rates differed. The spread of LRB was considerably slower 
than that of the other two dyes, as has been noted in another 
insect epidermis’. 

We noticed also that the rate of dye spread was considerably 
influenced by the medium in which the tissue was placed (Table 
|). In some media, such as that used for the preparations shown 
in Fig. 1, the border offers little resistance to dye spread; in 
others, dye passage is almost totally blocked in the border region. 
This observation suggests that the cells at the segment border 
can regulate the segment-to-segment passage of cytoplasmic 
molecules, but does not indicate whether the asymmetrical 
spread of dye is the result of tighter packing of border cells 


(since dye spreads more rapidly within cells than between cells) 
or whether the permeability of the junctional channels in the 
border region is set at a different level from that elsewhere in 
the segment. To show that the altered shape of these cells is not 
the sole cause of the impeded dye spread, some preparations 
were placed in medium that depressed segment-to-segment dye 
coupling, a cell posterior to the border cells was injected with 
CF, and the extent of its spread photographed. The procedure 


was repeated on a cell anterior to the border, directly opposite_ 
the first cell. The result (Fig. 2) has two main features. First, | 


dye spread is virtually blocked in the border region in both 
cases (in contrast to Fig. 1). It is unlikely that this could be due 
to changes in cell packing. Second, the lines along which the 
dye movement is restricted are not the same, but coincide instead 
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Fig. 2 When tracer was injected into a cell near the segment 
border in preparations immersed in medium | of Table |, its spread 
was blocked along a line parallel to the segment border. Dye 
injected into the anterior segment was blocked at the border while 
that injected posterior to it was blocked at a line that did not 
coincide with the segment border, but was separated from it by a 

strip of cells. The junctional permeability of this border strip of 
seein appears to be regulated independently, since dye moved 

rapidly among cells within a segment. CF was injected (200-ms 
pulses of 60 nA, | per s) into cells labelled +. A, anterior segment; 
P, posterior segment. Scale bars, 10 um. a, CF injected into a cell 
posterior to the segment border for 9 s and the extent of dye spread 
photographed 22 s later (4s exposure) with the electrode removed. 
The dye spread in a radially asymmetrical fashion and was blocked 
in its passage along a line passing through a marker particle (white 
circle, see b). Contrast the shape of this spread with that in Fig. 
lc, where the spread of dye is only slightly retarded in the border 
region. b, Phase-contrast view of the cells shown in a and c. The 
more opaque cells of the anterior segment are distinguishable from 
the clearer cells of the posterior segment; the position of the 
segment border is emphasized by the dashed white line. The 
refractile particle lying just to the right of the segment border serves 
as a reference for locating it in a and c. c, Dye injected for 8s and 
its fluorescence photographed 23s later (4s exposure) with the 
electrode removed. Dye spread is asymmetrical with its movement 
strongly truncated at the segment border, just to the left of the 
marker particle (white circle). Residual fluoresence from the spread 
shown in a done 4.5 min earlier is seen to the right of the marker 
particle. A drop in tracer fluorescence at the border could be an 


eee artefact caused by a reduction in cell thickness or changes in the 


cuticle in this region. Histological sections, however, showed the 
integument to be flat and the cell and cuticle thickness to remain 
constant across the border in our fourth instar preparations. Since 
the fluorescence was viewed through the cuticle, it is also possible 
that a reduction in the light-transmitting properties of the cuticle 
might lower fluorescence at the border. Consequently, preparations 
injected with dye were then inverted and re-examined. With the 
cuticle removed from the light path, no change in the intensity and 
distribution of fluorescence was seen. 


with the margin of the border cell population nearest the injec- 
tion cell. In both cases, the dye spread one or two cell diameters 
towards the border before being stopped by the border cells, 
while at the same time spreading four to five cell diameters away 
from the border. Here, it appears that there is a separate popula- 
tion of border cells having greatly reduced junctional permea- 
bility. 

_ The presence of a cell type with different junctional properties 
can also be demonstrated by injecting dye simultaneously into 
two cells, one on either side of the border (Fig. 3). A narrow 
strip of elongated cells, lying just posterior to the segment border, 
is revealed by its lower tracer permeability, despite a high 
concentration of dye potentially able to enter these cells from 
both sides. When a border cell identified in this way was sub- 
sequently injected with dye, it passed at best slowly and radially 
into the surrounding cells. No preferential movement of dye 
among the border cells was detected. 

Although Warner and Lawrence’ clearly demonstrated an 
alteration in the normal cell-to-cell diffusion of microinjected 
tracers at the compartment border, they did not explain how 
this was achieved. The data suggested, nevertheless, that reduced 
junctional permeability at the border results from the confronta- 
tion of the surfaces of cells belonging to different compartments. 
This implies that communication is reduced only at areas of 
membrane junctions connecting cells of adjacent compartments, 
but that it remains normal at junctions connecting border cells 
with other cells in the same compartment. However, this appears 
not to be the case. In vitro, reduced communication between 
compartments in the bug is due to the intervention of a discrete 
population of cells (located at the anterior margin of each 
segment) whose junctions in certain culture media all have 
reduced permeability. These cells communicate less not only 
with the cells of the compartment anterior to them, but also 
among themselves and with the general epidermis of their own 











Table 1 Extent of cell-to-cell spread of three fluorescent tracers across 
the segment border 
No. of 
preparations Appearance of individual dye 
Tracer tested spreads 
a b c 

Carboxyfluorescein 29 t3(1) 69(1-3) 3 (3) 
Lucifer yellow 10 0 25 (1-3) 8(2,3) 
Lissamine rhodamine B 19 10(1) 36(1-3) 2 (3) 





About equal numbers of spreads were prepared in which the source 
cell lay anterior or posterior to the border. No differences in dye spread 
were noted. a, Dye spread restricted to within one segment by border 
cells; b, dye spread into adjacent segment but impeded by border cells; 
c, dye spread minimally retarded by border cells. As we were concerned 
that the composition of the culture medium might influence junctional 
permeability, three media were tested. Each preparation was used in 
only one medium. Numbers in parentheses refer to the media in which 
a particular result was obtained. Medium | was TC 199 containing 
10 mM PIPES buffer, medium 2 was leafhopper medium’ and medium 
3 was a Drosophila medium" lacking amino acids. The media contained 
10% fetal calf serum and the pH was adjusted to 6.7 with NaOH. Of 
the three, medium 3 least retarded the movement of fluorescent tracer 
across the border. It also resembled most closely the blood of 
phytophagous hemiptera in its monovalent and divalent cation levels. 
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Fig. 3 The cell-to-cell spread of LRB injected into a cell on each side of the border simultaneously outlines a border strip of cells slow to 
receive the dye. The reduced permeability of these cells may explain how molecular interactions between compartments are limited. Arrowheads 
mark the position of the segment border. A, anterior segment; P, posterior segment. Scale bar, 10 ym. LRB was injected into the two cells 
(+) with 200-ms current pulses of 5 nA, | pulse per s. In a, the extent of spread of LRB was photographed between 20 and 30 s after injection 
(exposure time 10s). In this preparation the border strip of cells only partially restricted the segment-to-segment spread of dye. While dye 
spread extensively among the cells of each segment, it was retarded sufficiently in the border region to outline the border cells. b, Margins of 
the cells seen in a drawn from their combined fluorescence and phase-contrast images, showing the extent of the dye spread (stippled areas) | 
from the two injection sites. As in Fig. 2, the border strip (not stippled) appears to consist of a single row of cells. 
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compartment (similar to a mechanism that may exist at compart- 
ment boundaries in the Drosophila wing disc*). The ability of 
the border cell junctions to block selectively the passage of 
organic tracers in certain conditions in vitro? suggests that these 
cells may modulate the size range of molecules able to pass 
from segment to segment at different times in development. 
Other distinct behaviours of the border cells include their 
rapid migration and proliferation during wound healing'*'>. 
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Their reduced junctional communication and characteristic 
behaviour may allow these cells to remain neutral in their 
gradient properties'* and hence serve to establish and maintain 
discontinuity between the segmental compartments. 
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The heavy (H) and light (L) chains of antibodies consist of variable 
(V) and constant (C) regions. The V regions of the heavy and light 
chains form the antibody combining site'*. To determine whether 
a V region could be functional when joined to a polypeptide other 
than its own C region, we constructed a chimaeric gene encoding 
the V region of a mouse heavy chain and the C region of a mouse 
K light chain (V,,C,.). The heavy-chain gene is derived from an 
A/J mouse hybridoma cell line 36-65 whose antibody product 
(y1, x) is specific for the hapten azophenylarsonate’. We report 
here that, when introduced into a mouse myeloma cell line, the 
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chimaeric gene is expressed and a protein of the expected molecular 
weight i is secreted into the medium. As light chains tend to dimer- 
ize*5 we expected that the VC, protein might associate with light 
chain from the cell line 36-65 to form an antibody-binding 
molecule. Affinity binding experiments and K, determination indi- 
cate that this is the case. Dimers of this type offer a novel and - 
interesting alternative to existing antibody-binding molecules. 
Figure | shows the scheme used to construct two plasmids, 
AHpV and AHpVE, bearing the V,,C, chimaeric gene and the ° 
selectable marker Ecogpt”’. Both AHpV and AHpVE contain 
the rearranged 36-65 V,, gene with its 5’ flanking sequence’, and 
DNA encoding the C region of the « light chain of the $107 
BALB/c mouse myeloma cell line’. A chimaeric intron separates 
the Vy and C, genes; this intron includes the light chain tran- 
scriptional enhancer sequence (EF,)'°'' (V.T.O. and S.L.M., 
unpublished results) in AHpV, and both E, and Ep, the heavy 
chain transcriptional enhancer sequence’? "$, in AHpVE (Fig. 1). 
AHpV and AHpVE were separately transfected into J558L 
BALB/c mouse myeloma cells by protoplast fusion’ as 
described elsewhere’®. (J558L is a variant of the J558 cell line"? 
that synthesizes and secretes only a A light chain but no heavy — 
chain.) Transformants containing the Ecogpt gene were selected 
in medium containing mycophenolic acid”’. Ten transformants 
from each of the two transfection experiments were analysed 
for production of V,,C, by immunoprecipitation with rabbit | 
antiserum specific for the C region of mouse « chain, and ` 
separately with rabbit anti-idiotype (Id) antiserum specific for 
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Fig. 1 Construction of Vac, -containing plasmids. pV36-65 con- 
tains the 363-base pair (bp) rearranged V,, gene derived from the 
bridoma cell line 36-65. This gene is flanked by 2.4 kilobase 
airs (kbp) of upstream sequence and 2. I kbp of downstream 
uence terminating in the J,,—C,, intron’. pSV2AHS107.21 was 
rived from pSV2-S107 (ref. 16) by elimination of one Hindili 
te. pSV2AHS107.21 contains the Escherichia coli xanthine— 
guanine phosphoribosyl transferase gene (gpt), and the entire re- 
arranged genomic « light-chain gene of the $107 myeloma cell 
line’ including the leader (1,), V, and C, exons as well as flanking 
5’ and 3’ sequences. The gpt gene confers on mammalian cells 
: resistance to mycophenolic acid when xanthine is present in the 
medium®’, The simian virus 40 ($V40) origin of DNA replication 
(ori) and early promoter are located 5’ to the gpt sequence. The 
_ $107 « gene is oriented in the opposite direction to gpi. AHRI was 
constructed from pSV2AHS107.21 by converting the HindIII site 
into an EcoRI site. To generate AHpV the EcoRI~HindIH fragment 
containing the rearranged Vu gene from pV36-65 was substituted 
“for the EcoRl-HindllI fragment containing the rearranged V, 
~ gene in pSV2AHS107.21. To generate AHpVE the EcoRI-~EcoRI 
- fragment containing the rearranged Vy gene from pV36-65 was 
substituted for the EcoRI-EcoRI fragment containing the rear- 
ranged V, gene in AHRI. The heavy-chain exons and introns are 
represented by solid boxes and lines; the « chain exons and introns 
-> ate represented by open boxes and lines; the heavy-chain enhancer 
~ sequence (E,,)'*"'*, and the « chain enhancer sequence (E) ®t! 
~€V.T.O, and S.L.M., unpublished results) are represented by a solid 
and an open circle, respectively. Plasmids are not drawn to scale. 


> Vi, protein sequence*’'*, Whereas 6 out of 10 AHpVE trans- 
‘mants produced a protein reactive with the anti-« and anti-Id 
tisera, only one out of 10 AHpV transformants produced such 


rotein. The relative amounts of the chimaeric protein pro- 
uced by AHpV and AHpVE transformants were not sig- 
cantly different (not shown). The greater number of positive 


ransformants obtained with AHpVE might reflect the presence 
the heavy- chain enhancer tin AHpY 
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Fig. 2 Autoradiographs of SDS-polyacrylamide gels of sissies: 
mic (c) and secreted (s) proteins. Cells were biosynthetically label- 
led with “°S-methionine in methionine-free Dulbecco's modified 
Eagle’s medium (Irvine Scientific, Santa Ana, California) for Ih 
for cytoplasmic protein assay and 3h for secreted protein assay. 
Cell extracts were in 0.5% Nonidet P-40 (NP40) containing 0.06 M 
iodoacetamide. Electrophoresis was in 12.5% SDS-polyacrylamide 
gels in non-reducing conditions. The positions of the molecular 
weight markers (Biorad) (in kilodaltons) are indicated: the posi: 
tions of VC, and A light chain are indicated by arrows. d, 
Cytoplasmic and secreted proteins from J558L and from L9E84.- 
cells were immunoprecipitated with rabbit anti-mouse antisera and 
Staphyloccocus aureus*® (Staph A) and electrophoresed as. 
described”. The antisera used are indicated above each lane. 
Rabbit anti-mouse x was obtained from M. Potter under the 
auspices of NCI contract NO1-CB-25584. Rabbit anti-mouse a +d- 
(designated A) was prepared in the laboratory of S.L.M. by L. A. 
Wims. Rabbit anti-Id antiserum was prepared by L. J. Wysocki. 
Dimers (D) are indicated. b, Total cytoplasmic and secreted pro- 
teins from J558L and from L9E84 cells. Densitometer tracings of 
L9E84 lanes were done using a Quick Scan (Helena Laboratories). 
For quantitation, peaks from Xerox copies of the scans were cut 
out and weighed. a 


immunoprecipitation analysis of biosynthetically labelled cell 

A protein of the expected. molecular weight (29,500) re 

with anti-« and with anti-Id antisera is present in LOE84 bu 
not in J558L cell extracts. Furthermore, this protein is secreted 
into the medium (Fig. 2a). Immunoprecipitation of V,,C,, from 
L9E84 culture supernatant by anti-x antiserum removed the 
species reactive with anti-Id antiserum (not shown). The VC, 
chimaeric protein can be differentiated from the J558L A light: 
chain by its lower mobility in SDS-polyacrylamide gels in non 
reducing conditions (Fig. 2). The upper bands in Fig. 2a are: 
probably covalent dimers (D); from the relative sizes of these 
putative dimers it seems that V,,C, can dimerize both with itsel - 
and with the J558L à light chain. 

The VC, chimaera comprises about 1% of the Sioavnthed 
cally labelled L9E84 cell protein and is present in one-tenth the. 
amount of J558L A light chain, as determined by densitometer 
tracing of the autoradiogram shown in Fig. 2b. | 

Rit or ee c mice ee intraperitoneally with 
















| mRNA encoding the Vu, protein i in n L9E84 cells was detec 

-ted by Northern analysis (Fig. 3). An RNA species of the 
expected size, ~1.3 kilobases (kb), that hybridizes with an azo- 
phenylarsonate (Ars) idiotype probe (specific for the Vy 
sequence) and with a x probe (specific for the C, sequence) is 
present in L9E84 but not in J558L cells. It is noteworthy that 
the chimaeric intron between Vy and C, is probably correctly 






















































fragment, ‘except that it would have two on domains. Tt A: 
been shown that Vy and V, can associate to forma fully active 
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Id ~ antibody-combining site or Fv fragment'*. Furthermore, X-ray T 
OD F ow m YT eee 
eo 2 2 o0 2 crystallographic evidence suggests that in a light-chain dimer. He 
oO nH ® OO HO one monomer is oriented as the light chain while the other 
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simulates the heavy chain in an antigen-binding Fab fragment”. ae 


ene It was therefore expected that a V,C,-V,C, dimer would func- 
Sense tion as a Fab fragment. For this experiment the source of 36-65k 
chain was cell line 36-65L, a variant of the 36-65 cell line that 
aes synthesizes and secretes only the « light chain and no heavy 
chain (isolated by J.S.). When V,,C,, and the homologous 36-65 
light chain were associated in vitro, the resulting molecule bound 
to Ars-bovine y-globulin (Ars-BGG)-Sepharose. SDS-poly- 
pee acrylamide gel electrophoresis of the affinity-bound protein (Fig. 


4Ab, MIX) and densitometric analysis showed that the V,,C, 
and the 36-65« chain were present in a 1: 1 molar ratio. Binding 
to Ars-BGG-Sepharose was significantly reduced by competj 
= cell RNA was prepared from culture cells as described elsewhere”. tion with Ars- “tyrosine hapten (Fig. 4Ac, MIX). A Chain, : 

The RNA (6 wg per lane) was electrophoresed in duplicate in a amounts of ~30% of the x or VC, chain, also bound to th È 
1.2% agarose pel in 10mM Na-phosphate and transferred to Ars-BGG-Sepharose (Fig. 4Ab, MIX); this binding is evidently 

nitrocellulose”. The nitrocellulose filter was cut in two and the nonspecific because, unlike that of the x and V,,C, chains, it 
_RNA hybridized to nick-translated **P-labelled probes. One half is not competed for by the Ars-tyrosine hapten (Fig. 4Ac, MIX). 
was hybridized to a 133-bp V,, probe specific for the Vy gene LOE84 cells produce large amounts of this chain (see Figs. 2b, 

coding the anti-Ars idiotype-positive heavy chain” 30, while the 4Aa), and ~2% of the input chain binds to the Ars-BGG resi 
her was hybridized to a mouse C, region cDNA probe (obtained These data suggest that a V,,C, chimaera can associate with 
ten pagina aurea pn RAE eng Or light chain in vitro to form an antigen-binding molecule. We 
estimate, from densitometer tracing of gel autoradiograms (not. 


l derived hybridoma which produces an antibody specific for Ars ae 2 > cae 
but devoid of the Ars cross-reactive idiotype’, and uses an unrelated shown), that 20-30% of the ViiC, protein had associated with 














Fig. 3. Northern analysis of L9E84 and control cell RNA. Total 





V,, gene. A*?P-labelled HindIII digest of phage A DNA was used 36-65 light chain to form a functional binding site. : 
as a molecular weight marker (M), and fragment sizes are indicated We have recently succeeded in introducing the Vi,C, gene 
in kbp. The two halves of the nitrocellulose filter were reattached into 36-65L cells by fusion of 36-65L cells with myeloma cells. 

for autoradiography. that had been transfected with the V,,C, gene (J.S., unpub- 
Fig.4 Association of V,,C, with 36- A a b C B 











65 « light chain to form an antigen- _J 
binding molecule. A: a, Dialysed i 
cell extracts and mix preabsorbed S 

o) 


L9E84 
MIX 


with BGG-Sepharose. One-fifth the 
amount used for binding to Ars- 
BGG-Sepharose was applied to the 
gel. b, Protein bound to Ars-BGG- 
Sepharose. c, Protein bound to Ars- 
BGG-Sepharose in the presence 
of 0.5x107°M Ars-tyrosine (ABA- 
tyrosine from Bioresearch, San 
Rafael, California). The positions of 
o Vu,, A and 36-65 x chain are indi- 
» cated, B, SDS-polyacrylamide gel 
~ electrophoresis of  VyC,-V.C, 
© dimers purified from 25D3 ascites. 
Lane 1, 21 of ascites, in non- 
reducing conditions; lane 2, purified 
V,,C,-V,C, dimers in non-reducing 
Bet conditions: lane 3, purified V,,C,-V_C, dimers, in reducing conditions. The positions of V,,C,, x and covalent dimers (D) were determined -z 
on from theit it #S-biosynthetically i labelled shanna sore in cell line 25D3, and are indicated nies! arrows. one 
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interchain ancovaleat interactions. After 30 min at room i tevaperature the individual extracts pana the mix were dialysed a salen es 

o 3mM of Na-acetate pH 5.5 at 4°C to allow association into dimers*'*’, and finally against phosphate-buffered saline (PBS) at room temperature. = 

_ The dialysed extracts and the mix were preabsorbed with BGG- coupled Sepharose for 2.5h at 4°C to reduce nonspecific binding, and then 
“portions of each were mixed with 15 wl of Ars-BGG-—Sepharose for 10h at 4°C in Eppendorf. tubes. The resin aliquots were washed five times 
with | ml of PBS, I M NaCl, 0.5% NP40, once with | ml of ethylene glycol’*** in the above solution, and once with | mi of PBS. Bound: 

‘protein was eluted with SDS sample! buffer at 100 °C*>. SDS-polyacrylamide gel electrophoresis in non- -reducing $ conditions, and sehen 

-were as described”. Densitometer tracing and quantitation were done as described in Fig. 2 legend. (The ratic 3 i 

-40 those in 36-65 x is 3:2.) B, Ascites was produced in (BALB/ cx A/J) F, mice by intraperitoneal ti 
with 0. 5 ami of aba Q, 6, 10,14- maa oirean o . Dimers with ARES 
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his r suited. in in vivo association of VC, with the 
tchain of 36-65. Formation of functional antibody molecules 
} vivo following transfection of heavy and light chains into 
siycloma cells has been demonstrated**. Ascites from 
(BALB/c x A/J)F, mice that had been injected with the hybrid 
tell line, 25D3, contains the ViC,~V,C, dimer. This dimer was 
rified by affinity chromatography on Ars-BGG-—Sepharose. 
el filtration chromatography indicated a molecular weight of 
- 35,000, as expected. SDS-polyacrylamide gel electrophoresis 
_ showed the presence of V,,C,, « and covalent dimers (Fig. 4B). 
.. Measurements of the fluorescence quenching of the V,,C,,- 
Vv, C, dimer and of 36-65 hybridoma protein by Ars-tyrosine 
were made as described** and used to calculate K,. The K, 
values for the association of V,C,~—V_C, and that of the 36-65 
protein with Ars-tyrosine (assuming one binding site per 
molecule for the V,,C,—-V,C, dimer and two binding sites per 
molecule for the 36-65 protein) are essentially the same: 3.8 x 
ie 10°M~! and 4.2x10°M™~!, respectively. A similar value was 

<: determined previously for hybridoma protein 36-65 (ref. 24). 
It would be interesting to compare X-ray crystallographic 
studies of the V,C,-V,C, dimer and of the Fab fragment of 
36-65 protein. The dimer might be a good candidate for crystal- 
lization because of its increased symmetry compared with Fab 
fragments. (It has been observed that some Fab fragments cannot 
e induced to crystallize”) Such structural studies might pro- 
ide insights into designing antibody molecules consisting of 
wa and V, attached to other molecules of interest such as 
enzymes and toxins. 
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Schwann cells (düt 
morphological transformation 
of sensory neurones in vitro 
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Cell—cell interactions are thought to play a crucial part in deter- 
mining the developmental fate of vertebrate cells and regulating 
their subsequent differentiation. In the peripheral nervous system, | 
for example, signals from neuronal axons determine whether or- 
not some Schwann cells wrap their plasma membrane concen- 
tricially around the axon to form a myelin sheath”. Moreover, 
there is some evidence that the interactions between Schwann cells. 
and neurones are not all one way: for example, Schwann cells are 
thought to provide signals for neuronal sprouting and regener- 
ation’ >. However, there are no clear examples in which Schwann 
cells have been shown to influence the normal development 0 
neurones. Here I have used purified populations of embryo: 
sensory neurones and Schwann cells to demonstrate that Schwat 
cells have a dramatic influence on the development of th 
neurones. In the presence of Schwann cells, but not other 
types, the sensory neurones undergo a morphological transform 
tion from an immature bipolar form to a mature pseudo-unipol: 
form. This provides a striking example of the importance of glia 
cells for neuronal development. ) 
During development in the dorsal root ganglion (DRG) of 
birds and mammals, sensory neurones are initially bipolar in. 
form, extending one axon to the periphery and the other to the. 
spinal cord. During the second half of development, thes: 
neurones undergo a remarkable change in morphology wel 
described by Ramon y Cajal®. The cytoplasm of the neuronal 
cell soma bulges to one side and the two axons approach one- 
another so that the cell becomes bell-shaped. Eventually the 
cytoplasm between the cell body and the processes elongates to: 
form the initial segment of the axon from which the origina 
processes emanate (see Fig. 1). This change from bipolar to` 
pseudo-unipolar morphology is associated with a rearrangement 
of the cell body cytoplasm and cytoskeleton” . 

















Fig. 1 DRG neurones from l4- day- old chick embryo, stained 
with silver nitrate. This `. tav ir ne pas | sho wee t ans ition 








Fig. 2 a, b, Phase-contrast micro- 
graphs of sensory neurones grown 
for 10 days without the addition of 
Schwann cells (a), or grown for 5 
days after the addition of Schwann 
cells (b). c, Sensory neurone grown 
for 15 days on a collagen substrate 
in the absence of non-neuronal cells. 
d, Sensory neurones 10 days after the 
addition of Schwann cells. The 
neurones appear to be undergoing a 
transition to the pseudo-unipolar 
form. e, Sensory neurone 10 days 
after the addition of Schwann cells. 
Jj, Sensory neurone grown on 
extracellular matrix material laid 
down by bovine endothelial cells. 
Scale, 50 um. 

Methods: a, b, DRGs from 9-1 0-day- 
old chick embryos were dissociated 
using 0.1% Dispase (Boehringer 
Mannheim) in Ca” *,Mg’ * -free saline 
and plated onto collagen-coated 35- 
mm tissue culture dishes (Falcon) or 
16-mm glass coverslips in 24-multi- 
well trays (Linbro). Cells were grown 
in minimal essential medium con- 
taining 10% heat-inactivated horse 
serum, 5% chick embryo extract, 
2mM glutamine, $0 ug ml! penicil- 
lin, 50 Umi ğ streptomycin and 
| pg ml”! nerve growth factor as pre- 
viously described™®, The cultures 
= were treated with 5 x 10°°M cytosine 
_ arabinoside for 5 days to eliminate 
non-neuronal cells. At this time, 
purified Schwann cells were added 
to some of the neurone-alone cul- 
tures. The plating density of the 
Schwann cells was either 200,000 per 
35mm dish or 50,000 per 19mm 
multi-well with coverslip. e-f, 
Sensory neurones plated at low 
density and labelled with anti-NF 
antibody viewed with Nomarski 
optics. Cultures were fixed with 4% 
paraformaldehyde followed by 
extraction with cold methanol. The 
extracted cells were then incubated 
with a monoclonal antibody (RT 
97}? to neurofilament proteins, 
washed and then incubated with anti- 
mouse Ig conjugated to peroxidase 
(Tago). The bound antibody was then 
visualized by reacting with diamino- 
benzidine (0.05% Jand H,O, (0.01 % }. 





In the present experiments, DRGs were dissected from 9-10- 
day chick embryos, dissociated to single cells and plated onto 
collagen-coated glass coverslips or plastic tissue-culture dishes. 
The cultures were treated for 5 days with cytosine arabinoside 
(5 x 107° M) to kill most of the ganglionic non-neuronal cells”'”. 
After this period purified Schwann cells were added to some of 
the neuronal cultures. The Schwann cells were obtained from 
newborn rat sciatic nerves and purified free of fibroblasts by 
pulsing with cytosine arabinoside (107% M for 2 days) followed 
by complement-mediated cell lysis of Thy 1.1-positive fibroblasts 
according to the method of Brockes et al.''. After growth for a 
further 5-15 days, the cultures were photographed, then fixed 
and labelled with a monoclonal antibody against neurofilament 
proteins (RT97; anti- NF)'?. 

Most of the neurones in cultures of 9~10-day-old embryonic 
i chick DRGs were phase bright and bipolar, and maintained this 
„morphology for periods of up to | month if grown in the absence 
_of-non-neuronal. cells (Fig. 2a, c). However, when purified 
Schwann cells were added, the morphology of the neurones 
changed dramaticall in 5 day 





























(see be ow). When viewed | effect, attempts. to induce the. 

























with phase-contrast optics, all the neurones had become flat and 
phase-dark; moreover, the initial segment of the axons appeared 
thicker (Fig. 2b). Labelling the mixed cultures with anti-NF 
antibody showed that all the neurones had changed from the 
bipolar to the pseudo-unipolar form. Figure 2c—e shows 
neurones grown at low density with and without the addition 
of Schwann cells and labelled with anti- NF. This set of cultures 
was chosen for illustration because they clearly show the 
intermediate forms reminiscent of Ramon y Cajal’s drawings 
(Fig. 2d). 

The time required for this change to occur was related to the 
number of Schwann cells added: with high densities of Schwann 
cells the change occurred in less than 1 week, the first ‘flattening’ 
being observed after 3 days. With low numbers of Schwanh 
cells, the change occurred after a longer period (up to 15 day 
however, when the neurones eventually flattened, the majority 
did so over a period of a few days. Although the dependence 
on Schwann cell number and the synchrony of the transition 
suggested that a secreted factor might be respon sible for the 5 

























nal~Schwann cell contact may be required. 
he cells tested, only Schwann cells were able to induce 
orphological change in DRG neurones. Fibroblasts from 
r rat or chick skin, chick myotubes, rat cortical astrocytes, 
e glial cell lines RN22 and C6, had no effect on neuronal 
hology when added to DRG cultures. Changing the compo- 
n of the substrate by adding fibronectin and/or laminin to 
e collagen also had no effect. Similarly, DRG neurones cul- 
tured on the extracellular matrix material laid down by bovine 









_. although this matrix greatly stimulated neurite extension. (Fig. 
_ 2f). Therefore if extracellular matrix components are involved 
In the change, these components seem to be specific to the 
Schwann cells. 
The present experiments used early embryonic chick neurones 
-= and purified rat sciatic nerve Schwann cells. Fortunately, the 
‘mechanism of this signalling between Schwann cells and 
neurones seems to be conserved between species. Chick rather 
than rat DRG neurones were studied because of the relative 
ease of culturing early embryonic chick neurones free of non- 
lel tonal cells; many of the neurones taken from chick embryos 
der than 10 days (or rat embryos older than 15 days) have 
been signalled to become pseudo-unipolar, and when 
ito culture retain this morphology. Rat Schwann cells were 
ed because of the availability of methods for identifying and 
‘purifying these cells; comparable methods for identifying 
and purifying chick Schwann cells are not available. However, 
T have found that chick non-neuronal cells enriched for glial 
ells (using spindle-shape morphology as a criterion) also pro- 
iote the morphological transformation of chick sensory 
leurones. Dichter and Fischbach'* noted the presence of a few 
flat’ phase-dark chick DRG neurones, which were probably 
pseudo-unipolar, in cultures grown in the presence of ganglionic 
on-neuronal cells that were mostly mesenchymal rather than 
lial cells. Other workers!’ have described the presence of 
eudo-unipolar sensory neurones in unpurified rat DRG cul- 
containing both rat neurones and Schwann cells. However, 
e of the heterogeneity of the cell populations used, no 
ific interaction between two identified cell types could be 
tified in any of these three cases. 
‘The present report illustrates the power of using purified cells 
t determine which of the properties of differentiated neurones 
are intrinsic to these cells and which depend on interaction with 
ther cell types. There is a striking similarity between the trans- 
formation seen in these cell mixing experiments in vitro and 
< that seen during the normal development of sensory neurones 
`: in vivo. This, together with the fact that the transformation occurs 
at a time that correlates with Schwann cell proliferation i in the 
DRG"°, suggests that Schwann cells play a crucial part in mediat- 
ing this morphological change in vivo as well as in vitro. 
= I thank Rasila Patel for technical help, Richard Hynes for 
help in preparing fibronectin, G. Martin for the gift of laminin, 
«C, Kintner for the matrix-coated coverslips, and Martin Raff 
and my colleagues in the Neuroimmunology Project for their 
helpful comments. 
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endothelial cells’ remained in the bipolar form after 2 weeks, 
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The very early stages of the human B-cell differentiation pathway 
are poorly understood, primarily because of the lack of appropriate 
permanent cell lines. Epstein-Barr virus (EBV) is a putative human 
oncogenic virus which transforms human B cells in vitro into” 
continuously proliferating cells’. It has been believed that EBV 
transforms mature B cells*’ but recently, transformation of. 
immature pre-B-cell lines has been reported*~, suggesting | that 
EBV might also transform cells much earlier in the B-cell lineag 
We report here the establishment of cell lines transformed by 
at various stages of the B-cell differentiation pathway. Inter. 
ingly, two lines showed the complete absence of immunoglobuli 
synthesis and the lack of immunoglobulin gene rearrangemet 
despite containing EBV genome and surface markers of B cells. 
Our results indicate that EBV can infect and tranform cells of 
the B lymphocyte lineage even before immunoglobulin gene re- 
arrangement. 
EBV was obtained from the culture fluid of the B95- 8 mar- 
moset cell line’. The fetal liver was obtained from an embryo - 
artificially aborted at the 16th week of gestation. Mononuclear ~ 
cells separated by Ficoll-Conray gradient centrifugation were _ 
infected with EBV at a multiplicity of infectivity of 0.1. Infected. 
cells were distributed into microculture plates (no. 3042, Falcon). 
at a density of | x10° cells per well in RPMI 1640 medium 
supplemented with 20% heat-inactivated fetal bovine serum, 
0.2 mM L-serine, | mM pyruvic acid, 2mM L-glutamine, 100 
U ml” of penicillin, 100 pg ml”! of streptomycin and 10 mM 
HEPES and were cultured at 37°C in an atmosphere of 59% 
CO, in air*. After 30-40 days, transformation occurred in 30 
of the wells, as determined by the morphological appearance 
of lymphoblastoid cells, increase of cell numbers and acid pro- 
duction. : 
The immunoglobulin phenotypes of 24 cell lines thus obtained 
were examined (Table 1). The various cell lines showed different 
immunoglobulin production and were classified into four: 
groups. Of the 24 cell lines, 20 were IgM producers which had 
both cytoplasmic and surface u and light chains. The amour 
of IgM secreted in culture fluid varied over 270-52,500 ng ml 
The light chains made by all of these cell lines except FLEB! 
were K isotype. This finding may reflect the dominant expression. 
of « isotype in the fetal liver B cells, and supports the hypothesis # 
that the «-chain gene is activated before the A-chain gene in ` 
human B-cell ontogeny”. Another cell line, FLEB12, synthesized © 
only u chains in the absence of light chains and therefore © 
appeared to represent a pre-B cell'”'’. Using the method of- 
double colour staining'*, 60% of the FLEBI2 cells possessed w 
chains only in the cytoplasm but 10% had u chains both in the 
cytoplasm and on the cell surface (data not shown). This result = 
supports the proposal that u and light chains may not need to 
be assembled for expression on the cell surface. In the case 0 
line FLEB20, only « chains were detected. This might be 
similar cell line to those mouse cell lines reported by Sidene 
al? which produce light chains only but have rearranged heav 
chain genes'’. Unfortunately, the FLEB20 was subsequently 
lost. The remaining two cell lines, FLEBI4 and 18 show 





























Table 1 


Secreted. 
immunoglobulin. 

(ng ml ') 
Cell lines IgG 
FLEB 


IgM 


820 
15,000 
550 
1,950 
12,000 
270 
350 
2,460 
890 
1,400 
750 
1,300 
290 
48,000 
280 
2,500 

= 440 
52,500 
680 
540 

57 
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Thea amounts of IgG aaa IgM were determined by an inhibition radioimmunoassay described by Platts-Mills e Ishizaka”*. Briefly, immunoadsorb 
cent column- purified IgG and IgM were labelled with NEN) by the chloramine-T method. 100 yl of appropriately diluted supernatants an 
standard human IgG (or IgM) were mixed with 0.1 ml of rabbit anti-human IgG (or anti-human IgM) serum. After 2 h incubation at room temperature 
-0.1 ml of '*1-labelled IgG (or IgM) (59 ng ml~') was added and incubated for another 2h at room temperature. Then 0.1 ml of goat anti- rab 
IgG serum was added and allowed to stand overnight at 4°C. The precipitates were spun down and radioactivity was counted using an autogamma 
yunter. Cytoplasmic and surface immunoglobulins were detected by direct immunofluoresence. The cells were smeared on a coverslip, fixed i 
etone at ~20 °C and stained for cytoplasmic immunoglobulin with fluorescein isothiocyanate (FITC)-coupled rabbit monospecific antisera, F(ab’), 
ra aii human a, 6, y, a, k and A chains. Surface immunoglobulin was stained by the method of Kumagai et al. after treatment witt 


Three representative cell lines (FLEB2, 12 and 14) were sub- 
oned in semi-solid agarose. Each subclone conserved the same 
jaracteristics as the parental cell lines. To confirm the 
nmunoglobulin: phenotypes of three subcloned lines (FLEB2, 
and 14), the cells were metabolically labelled with '*C-leucine 
and their cell lysates and culture fluids were immunoprecipitated 
with purified anti- serum. The precipitated polypeptides were 
analysed by SDS-polyacrylamide gel electrophoresis (PAGE) 
(Fig. 1). In the lysate (lane 1) and culture fluid (lane 4) of FLEB2 
the molecular weights (MWs) of two observed polypeptides were 
76,000 and 29,000, corresponding to those of authentic u and 
light chains purified from human serum. In the case of FLEBI2 
(Fig. 1, lanes 2, 5), two y-related polypeptides were detected in 
the lysate but no precipitable polypeptides were observed in the 
culture fluid. The minor band of the lysate was 76,000 MW and 
identical in size to the standard u chain, while the major one 
was ~ 80,000 MW. This higher molecular weight may result from 
differences. in the length of these polypeptides and/or in the 
degree of glycosylation. Alternatively, it may not be a -gene 
< product, such as the supposed heavy-chain binding protein (BiP) 
noncovalently bound to heavy chains reported in murine pre-B- 
-cell lines’*. The anti- -4 antibody did not precipitate any 
molecules at all in the case of FLEBI4 (lanes 3 and 6). Thus, 


FLEBI4 was completely lacking i in immunoglobulin expression. — 
“To determine whether FLEBI4 belonged to the B-cell lineage 


or not, the lines were tested for various other markers (Table 


. Like the other. cell lines tested, FLEB14 possessed Fe u 
receptors, C3: -Teceptors and HLA-DR- iin which are 


to ) them. They 


Table 2 Other various markers of cell lines 


rhim 


FLEB2 FLEBI2 


+ 


24% 


FLEBI4— 


Fc u receptor 
Fe y receptor 0% 
C3b receptor 82% 
C3d receptor 18% 
HLA-DR antigen + 
SRBC receptor - 
T-cell antigen 

Leu | 

Leu 2a 

Leu 3a 

Leu 4 
TdT o 
Peroxidase _. 
CALLA 3% 


EBNA was detected according to the method of Reedman and Klein"® 
Rosette formation of the cells was. performed by. the method o f 
Tachibana er al”*, Neuraminidase-treated sheep erythrocytes (SRBC 
were used for E- rosette formation, Cells with igG Fe cor igh 


_ tors were tested with IgG or IgM-e 


Agn 4-C5- deficient mouse peat : 
boated SRBC \ were e used for detection of C3b and C 3d R I : 


| ee erase ( 





Fig. 1 Lanes 1, 2 and 3 are from cell lysates of FLEB2, 12 and 
l4. Lanes 4, 5 and 6 are from culture supernatants of FLEB2, 12 
and 14. Cells were cultured at 5 x 10° cells per mi with 5 uCi mi~ 
of '*C-leucine (NEN) for 2-12 h in leucine-free minimal essential 
medium supplemented with 10% heat-inactivated fetal calf serum. 
Z ‘After labelling, the culture media were saved. The cells were washed 
wice with cold phosphate-buffered saline and were lysed in lysis 
uffer containing 10 mM sodium phosphate pH 7.4, 0.1 M NaCl, 
1%: Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS, 
1mgm}`’ of bovine serum albumin and | mM phenytmethylsul- 
phony! fluoride. The lysed cells were centrifuged at 100,000g for 
60 min at 4°C and the supernatants were saved. The spent media 
‘and cell lysates were mixed with 10 wl of rabbit anti-human IgM 
serum. After 12 h incubation at 4°C, 0.1 ml of a 10% suspension 
of fixed Staphylococcus aureus Cowan | was added and incubated 
for 2h at room temperature followed by three washings. Bound 
immunoglobulins were removed and reduced in buffer containing 
10 mM Tris-HCI pH 6.8, iM urea, 2.3% SDS and 5% 2-mercap- 
ethanol for 3 h at 70° C, and S. aureus was removed by centrifuga- 
ion. Reduced samples were separated on a 10-15% gradient 
ylamide gel.according to the method of Laemmli’’. Follow- 
electrophoresis, the gel was fixed and fluorographed. 


é, thus they must have receptors for EBV”. It has been 

g sted that the prenn of EBV receptor could be considered 
B-cell marker'”'*.. The common acute lymphoblastic 
‘mia antigen (CALLA), which is limited to expression 

y cells , was not detected on FLEBI4 cells. 


3 the first event ‘ohisracterislic of B-cell ontogeny is the 
sarrangement of immunoglobulin genes, it was of interest to 
know the immunoglobulin gene organization of FLEB14. It has 
been demonstrated that heavy-chain gene rearrangement pre- 
cedes that of light-chain genes, and is accomplished by the 
joining of Vp, D and J,, gene segments”””'. The DNA fragments 
ontaining Ją before rearrangement, digested by HindIII or 


ico RI, are 11.0 or 18.5 kilobases (kb)? in length, respectively. 
The DNAs from cells of three of these lines (PLEB2, 12 and 
14) and human placental cells as germ-line control were digested 
ith HindIl or EcoRI (Fig. 2). HindIII digests of FLEB2 gave 
positive fragments of 10.5 and 7.0kb and from FLEBI2, 
gments of 10. 0 and 6.0 kb. None of these corresponded to 

1¢ fragment of the human placental DNA (11.0 kb). FLEBI4, 
ever, showed the fragment of the germ-line size. Similarly 
oRI digestion, J,,-positive fragments of 18.5 and 11.0 kb 

in FLEB2 and 16.0 kb in FLEB12 were detected, indicating that 
Khe immunoglobulin genes had undergone rearrangement in 
seë cell lines. EcoRI-digested DNA of FLEBI4, however, 
-produced only one band of 18.5 kb, identical in size to 


bund in the human i placental. DNA. These results shew. 


Placenta 
Piacenta 


Fig. 2 Immunoglobulin heavy-chain gene analysis of FLEB?, 12 ; 
and 14 cell lines with a cloned human J,, gene fragment as a prob: 
High molecular weight DNA was isolated from each cell line ~ 
according to the method of S. Gattoni (personal communication)”. ` 
The human placental DNA was used as a control. The fragments 
obtained by HindIH or EcoRI digestion of DNA (about 2 ug) 
were size-fractionated by electrophoresis in a 0.5% agarose gel, 
transferred to a nitrocellulose filter according to the method of 
Southern*', then hybridized with a **P-labelled cloned Jy gene 
probe (specific activity 3 x 10° d.p.m. per ug). The probe used was 

a 0.7-kb Hhal—Hhal fragment of Ch4A.H.lgy-24 (ref. 22) which. | 
is indicated by a bold bar below the restriction map. The labelling 
of the probe was performed by nick-translation as previously 
described**. In the restriction map, structural genes are indicated 
by closed rectangles, and restriction sites of HindIII and EcoRI 

are shown by H and E, respectively. 


ments, the light-chain genes also conserve the embryonic con: 
figuration in FLEB14 (M.O., unpublished results). wre 
These cell lines should therefore provide a useful model for 
studying the regulation of B-cell differentiation. Of particular . 
interest is one cell line, FLEB14, which makes neither heavy 
nor light chain and has no immunoglobulin gene rearrangement. 
despite carrying B-cell markers. This line may be the first 
example of the category of ‘ur-B cell’, proposed recenti: 
Wabi et al.™. If immunoglobulin gene rearrangement in FLE! 
can be successfully induced, it will provide a system in wh 
to study the earliest molecular aspects of immunoglobulin g 
activation. In preliminary experiments, we have obtained som 
evidence suggesting heavy-chain gene reorganization in FLEB1. 
during successive cultivation (M.O., to be published). ` : 
We thank Dr S. Hino and Mrs S. Watanabe for preparation ot 
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In several species the myometrium is quiescent shortly before 
parturition’. At this time high titres of relaxin are present in the 
plasma’ and there is evidence’ that the hormone has a direct 
inhibitory action on the uterine muscle. Relaxin could also con- 
tribute to uterine quiescence by inhibiting oxytocin release. To 
determine whether relaxin has a central action on the release of 
: cytocin, we have studied the effect of intravenous injections of 
porcine relaxin on milk ejection in the anaesthetized lactating rat. 
_ We report that reflex milk ejection was suppressed by relaxin in 
a dose-dependent manner, the onset of inhibition being rapid and 
lasting from 10 to 60 min. After the period of inhibition the normal 
temporal pattern of reflex milk ejection was resumed. Mammary 
Sensitivity to exogenous or endogenous oxytocin was reduced by 
-relaxin but not sufficiently to explain the effects observed. Further- 
‘more, relaxin (1 pg per rat) injected into the cerebral ventricles 
profoundly disturbed the pattern of reflex milk ejection without 
affecting the response of the mammary gland to oxytocin. These 
results suggest a novel role for relaxin within the central nervous 
System. The site in the brain at which the effects of relaxin are 
xerted remains unknown. 
Rats were taken from the departmental colony where they 
had been housed in an environment of controlled light and 
temperature, with water and food available ad libitum. The day 
of delivery was denoted as day |, and the animals were used 
between days 8 and 12 of lactation. The protocol for these 
‘experiments has been described in detail elsewhere’. Briefly, the 
young rats were separated overnight from their mother to pro- 
mote mammary engorgement. The following morning the lactat- 
ing rats were anaesthetized with ethyl carbamate (1.25 g per kg 
: intraperitoneal, i.p.; urethane, BDH) and 2.5 mg intramuscular 
(im.) xylazine (Rompun; Bayer). A saphenous vein and two 
_ caudal mammary glands were cannulated and the animal was 
left for 3 h to stabilize after surgery. Ten hungry young rats were 
then allowed to suck at the nipples—this stimulus caused the 
onset. of reflex milk ejection characterized by an abrupt and 
transient rise in intramammary pressure’, together with the 
behavioural response of the sucking young. The latency to the 
first milk ejection was 12 min (mode) with a range of 5-48 min 
nd thereafter occurred every 3-7 min. After at least eight milk 
sctions had been observed as a control, purified porcine 
xin, -prepared by the method of Walsh and Niall® , Was given 
n 0.2 ml isotonic saline by intravenous (i.v.) injection. Three 
doses of relaxin were tested (2.5, 5 and 10 yg). Milk ejection 
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Fig. 1 Analysis used to assess the inhibition of reflex milk ejectior 












by relaxin. This approach was first. described by Clarke et a 
Intervals between successive milk ejections are ‘plotted seque 
tially, before (@) and after (A) injection of relaxin. The lowe 
horizontal line is the mean interval between milk ejections bef 
treatment. The upper dashed line represents: a 99% -probabili y 
estimate (P = 0.01) based on the equation k=s.d.xtv[(n+1)/n}*. 
where s.d. = standard deviation of the milk ejection interval before - 
treatment, n = number of control intervals: t ='f -value for n-i i 
degrees of freedom at P = 0.0! and * = Bessel’s correction for small . 
size of preinjection sample. Milk ejection was judged to have been ` 
significantly inhibited if any milk ejection interval, within 30 min 

of relaxin treatment, exceeded the calculated level above. 





10 min 


Relaxin (i.v.) 


Fig. 2 The effects of intravenous injection of porcine relaxin on vi 
the pattern of reflex milk ejection in three suckled, urethane- 
anaesthetized rats. Each vertical bar corresponds to an intramam- o ci 
mary pressure cycle characteristic of milk ejection (f, onset of. 
sucking stimulus of 10 young rats: «, termination of experiment) 
The three traces have been aligned with respect to the time of © 
acmiuatavion of relaxin. Reflex milk ejection was suppressed in 

a dose- HER ERG ER, manner (see Table I). 


(Table 1) and lasted from 10. to over 60 min from. the time of | 
injection. During periods of inhibition. the. sensitivity of the 
mammary gland to oxytocin was tested by iv. injections of 
0.5 mU oxytocin. On all occasions the gland responded to th 
oxytocin but sometimes after application: of 5 or 10 yg relaxi 
the amplitude of the pressure response was reduced by up t 
50% (Fig. 3), although it was never abolishe After th 
of inhibition, reflex milk. eipttions -recom 















10 mmHg 


‘Fig. 3 The effect of relaxin on reflex milk ejection (RME) i in an 
- anaesthetized rat. The two traces of intramammary pressure 
“responses are continuous. After the eighth RME, 10 yg relaxin 

-({RXN) was injected i.v. Reflex milk ejection was suppressed for 

“16 min but during this time the mammary gland was still responsive 

to 0.5 mU exogenous oxytocin (tOXT), suggesting that treatment 

a with relaxin affected the central release of oxytocin. 


We tested the effect on reflex milk ejection of relaxin injected 
ectly into the ventricular system of the brain in six animals. 
ts which had been anaesthetized and prepared as described 
ere. placed ina stereotaxic frame and a microsyringe 
iton -701 N) positioned with its tip in one of the lateral 
bral ventricles. The tip was confirmed to be in the ventricular 
2m by dye injection at the end of the experiment. Reflex 
“ejection was initiated by the sucking young and after eight 
Ik ejections, 1 wg relaxin in | pl isotonic saline was injected 
ito the ventricle. Relaxin caused a profound disruption in the 
attern of milk ejection (Fig. 4) but did not affect the response 
the mammary gland to exogenous oxytocin in all six rats. 
trol injections of | pl isotonic saline (n = 6) did not affect 
sieges Patterns: of reflex ms casa These data imply 
co 3 


‘al between rele milk eine in two md three rats 

ively. Evidence suggests that electroencephalogram 

A may be a prerequisite for reflex milk ejection 

” Therefore, we recorded the EEG activity in two 

ange jhctined lactating rats before and after the i.v. administra- 
1 of relaxin (5 wg); in neither animal did relaxin alter the 

G activity, suggesting that the hormone did not change the 
animal’s level of arousal. It is also unlikely that the effect of 
relaxin could be attributed to an action on blood pressure 


Table 1 


Latency (min) to 
ist RME 
[Mode (range}] 
12 (5-34) 

10 (7-48) 

12 (6-31) 


Before relaxin 
4.5+0.4 
4.7+0.8 
470.6 


2.5 pg Relaxin (n= 10) 
Sg Relaxin (n= 10) 
Ops Relaxin (n = 8) 


RME interval (min) 
(mean +s.e.m.) 
After relaxin 


Interval {min} 


10 IS 20 
Interval no. 
Fig.4 The effect of intracerebroventricular relaxin on reflex milk 
ejection. Intervals between successive milk ejections are plotted 
sequentially before (@) and after (A) injection of 1 yg relaxin. The ` 
lower dashed line is the mean interval between milk ejections 
before treatment and the upper dashed line represents 99% proba- 
bility estimation of significant inhibition of the reflex. Reflex milk- 


ejection was clearly suppressed after central administration of : 
relaxin. 


because previous experiments” demonstrated that relaxin in: 
doses of up to 20 ug had no effect on arterial pressure. | 
A possible explanation of the results is that sensitivity of the _ 
mammary glands to oxytocin was diminished by relaxin. There- — 
fore, we examined the effect of exogenous oxytocin on- 
intramammary pressure in lactating rats before and after treat- 
ment with relaxin. Each injection of hormone (0.5-1 mU) pro- 
duced an intramammary pressure cycle with a sharp rise and 
slow decline. These responses mimic the natural pressure 
changes seen at reflex milk ejection’, and are relatively constant 
for a particular dose of hormone’. At lower doses the responses 
are variable: for this reason we used a standard dose of 0.5. mL 
of synthetic oxytocin (Syntocinon; Sandoz). Rats were anaest 
hetized and cannulated as described above. After 3 h, 0.5m 
oxytocin was injected i.v. and thereafter at 3-min interval 
stable baseline of at least seven consistent responses W 
obtained as control in each animal before relaxirt-was given; 
the results are shown in Table 2. Only at doses of relaxin of 
Sg and 10g was partial inhibition recorded (Table 2) yet - 
2.5 ug relaxin caused a suppression of reflex milk ejection in.7 | 
out of 10 rats (Table 1), and in all of six rats 1 ug of the hormone. 
was effective when administered intracerebrally. Furthermore, 


Effects of porcine relaxin (i.v.) on reflex milk ejection in anaesthetized lactating rats 


Duration (min) of 
inhibition 
[Mode (range)] 
10 (4-16) 
14.(6+28) 

27 Q3-> 60) 


Milk ejection x 
ratio o 
(mean +s.e.m.) 
3.5+0.7 
5.91.6 
11.0+2.3 


No. of rats 

inhibited 
§.2+03 7/10 
6.8+0.7 10/10 
9.9 +0.7 8/8 


he. statistical analysis used to assess inhibition is illustrated in Fig. 1. RME, reflex milk ejection. The milk ejection ratio is the duration of the 
ngest interval which occurred within 30 min of relaxin treatment divided by the mean interval before treatment. 


Tabie 2 Effects of porcine relaxin (i.v.) on oxytocin-evoked milk ejection 


-% Reduction in amplitude of 
_IMP [Mean (range)] 


oe No. of rats affected 
Sug Relaxin {n= 10) 00o 
5 üg Relaxin (n=10) | 2/10 

Ong Relaxin | (n= = mene 


Duration of effect (min) 


Latency (min) to onset ) 
{Mode (range)] 


{Mode (range)] 


3 (3-6) 6 (6-12) 











response to exogenous poer for: a maximum of 18 min n (Table 
2}, considerably shorter than the period during which reflex milk 
ejection was suppressed (Table 1). These results indicate that 
‘although relaxin also has an effect on the myoepithelium, the 
block of reflex milk ejection by all three doses of relaxin cannot 
-be explained solely by the peripheral action of the hormone. 

. Our findings suggest that the inhibitory effect of relaxin on 
-milk yield as reported by Knox and Griffith'' in rats, and Cowie 
et al.'* in goats, had a central component. The results also suggest 
that relaxin reduces pre partum myometrial activity by a double 
-.mechanism, that is, by a direct effect on the smooth muscle of 
the uterus and by a central action to prevent oxytocin release. 
_ We thank Miss Allison Hockey for technical assistance and 
Mr W. Phillips and his staff for providing the experimental 
animals. The work was supported by grants from the ARC and 
-< the MRC. 
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Studies of growth regulation and cellular transformation will be 
assisted by the identification of proteins that are preferentially 
synthesized in dividing cells. The ‘proliferating cell nuclear anti- 
gen’ (PCNA), distinguished by its apparent association with cell 
_ division, is defined by reaction with an antibody found in the 
‘autoimmune disease systemic lupus erythematosus (SLE)'*. This 
antibody reacts with proliferating cells including tumour cells but 
gives weak or undetectable immunofiuorescence with resting cells 
of normal tissues’. Peripheral blood lymphocytes are devoid of 
` PCNA until activated by mitogen in vitro. In synchronized cultures 
sits level and distribution fluctuate through the cell cycle, with a 
-striking accumulation in the nucleolus late in the G, phase and 
early in the S phase’. Many of these properties are shared by 
_ ‘eyclin’. This nuclear protein, identified by its position in a two- 
-» dimensional separation of cell proteins, is also transformation- 
‘ -sensitive and is preferentially synthesized in the S phase’~’. We 
= establish here that PCNA and cyclin are identical, and show that 
_PCNA is an acidic nuclear protein of apparent molecular weight 
35,000. 
~ Inarecent survey’, we found anti-PCNA antibodies in about 
3% of SLE sera. Immunoglobulins prepared from nine sera of 
his specificity: all precipitated a protein of molecular weight 
5,000 from ° "S-methionine- TABENE HENA cell extracts (Fig. 
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Fig. 1 Immunoprecipitation and peptide analysis of PCNA. a, 
Exponentially growing HeLa cell monolayers were labelled with | 
*°§-methionine for Sh. Extracts were treated with control human 
IgG (lane 1) or with anti-PCNA IgG from each of three patients 
(lanes 2-4), Immune complexes were isolated using S. aureus as 
precipitant and were examined by electrophoresis in a 15% SDS. ra 
polyacrylamide gel as described elsewhere (ref. 16 and R.M.B., SEN 
C. C. Bunn, G. R. V. Hughes, A. M. Francoeur and M.B.M., in 
preparation). b, Protein was extracted from gel bands containin 
immunoprecipitated PCNA (such as those in a) or from the two 
dimensional gel spot identified as cyclin (as in Fig. 2b), by boilin 
in a solution containing 0.5% SDS, 10 mM 2-mercaptoethanol ant 
10mM Tris-HCI pH 7.4. Aliquots of equal radioactivity were: 
digested with protease from S. aureus strain V8 and examined in — 
a 20% SDS-polyacrylamide gel. Lanes 1-6, gelato tae ee 
PCNA incubated for 15 min at 37°C with 0, 0.1, 1, 10, 100 and - 
1,000 ng of V8 protease. Lanes 1’-6': two- dimensional gel-purified : 
PCNA/cyclin (major spot) treated in the same way. Arrowheads 
indicate the PCNA band, and the positions of molecular weight. 
markers are shown. i 









C. C. Bunn, G. R. V. Hughes, A. M. Francoeur and M. B.M., in 
preparation). k 
Examination of immunoprecipitates containing PCNA by 
two-dimensional gel electrophoresis (Fig. 2a) revealed a major ` 
spot with an apparent isoelectric point of 4.9 and MW ~35,0 
together with a more acidic minor satellite spot. Remov. 
PCNA from the HeLa cell extract using anti-PCNA antibody 
led to the disappearance of both spots from the two- dimensional 
gel pattern (compare Fig. 2b and c), indicating that the sp 
contain PCNA only. Comparison of the HeLa cell protein 
pattern (Fig. 2b) with published gel patterns showed that PCNA — 
resembles, in its apparent molecular weight and isoelectric point, © 
the spot numbered IEF 49 and named ‘cyclin’ by Bravo and... 

co-workers". The identity of cyclin with PCNA was confirmed 
by an exchange of samples between our laboratory and that of 
J. Celis (data not shown), and by construction of ones 
dimensional peptide maps. The peptides released from ne 
immunoprecipitated PCNA by partial proteolysis with Staphy-_ 
lococcus aureus V8 protease (Fig. 1b) closely resembled those _ 
from the two-dimensional gel spot (Fig. 15’) and were similar. a 
in size and distribution to those published for cyclin®”. A pro- 
teolysis pattern indistinguishable from that shown in Fis. hots 
was also obtained from the acidic satellite spot eluted Irom a e 
two-dimensional gel (not shown). © : 
PCNA is a prominent component of many tumour cell ines. E 
including HeLa. To examine the. biological properties of the 
protein, we used the REFS52 line of rat embryo cells and. 
virus-transformed derivatives''. Cultures of normal REF52 če 
have a doubling time of 24 h and reach quiescence at a relative 
ity, while Simian virus ae O transfo: 






















_ Fig. 2 Identification of PCNA in a two-dimensional gel. PCNA was precipitated from a HeLa cell extract as described in Fig. | legend. 

- Proteins of the immunoprecipitate (a), the original extract (b) and the extract cleared of PCNA by anti-PCNA antibody (c), were resolved in 
two-dimensional gels using pH 3.5-10 LKB ampholytes in the first dimension (IF) and 10% acrylamide/SDS in the second dimension (SDS). ~ 
Gels b and c were loaded with 500,000 d.p.m. of labelled protein and exposed for 9 days: gel a was loaded with 5,800 d.p.m, of labelled 


pprotein and exposed for 7 days. All gels shown were processed for fluorography’? and exposed to XS-! film. Arrowheads indicate the position 


= Y the major PCNA spot. The actin (Ac), vimentin (V) and tubulin (T) spots are also indicated. Actin is precipitated nonspecifically by both 
© anti-PCNA and control sera, in amounts that vary between experiments. The gel shown in a contains actin serving as internal marker. 


Fig. 3 (Right) PCNA in normal and transformed rat cells and 
purified nuclei. Proteins of proliferating REF52 cells 3 days after 
plating (a), quiescent REFS2 ceils 8 days after plating (b} and 
dividing REFS2-AG6 cells 3 days after plating (c) were labelled for 
. 24h with *°S-methionine and resolved in two-dimensional gels as 
in Fig. 2. Nuclear proteins from REF52-WT6 cells labelled for 2h 
with **S-methionine were resolved in a similar gel (d). Nuclei were 
` prepared by the method of Fleischer and Kervina'®. REF52-WT6 
cells are SV40-transformed REF52 cellis, and REF52-AG6 cells 
_ are REFS2-WT6 cells selected for growth in soft agar. Approxi- 
“mately 300,000 d.p.m. of labelled protein were applied to each gel. 
Gels a-c were exposed for 17 days and gel d for 4 days. The 
oteins indicated are the major PCNA spot (large arrowheads), 
n (Ac), vimentin (V), tubulin (T) and tropomyosins 1-6 (num- 
rs in a). The tropomyosin forms and their changes on transforma- 
jon have been described elsewhere '*"'”*°, Quantitation was carried 
out using the QUEST system for computerized analysis of two- 
Jimensional gels*'. Each film was scanned using an Optronics 
P-1000 densitometer, and the spots were detected and integrated 
y the image analysis programs. Each film was calibrated*’ so that 
‘measurements of film density could be converted to d.p.m. per unit 
area before spot integration. The integrated d.p.m. for each spot 
was divided by the total trichloroacetic acid-precipitable d.p.m. 
-applied to the gel. For the protein samples resolved in a~e, the 
- proportion of total applied d.p.m. found in the PCNA spots was 
0.014%, 0.008% and 0.067%, respectively. 


but it Was not a major protein constituent. It was also detectable 
in a resting culture of normal REFS2 cells (Fig. 3b), although 
ts level at quiescence was about half that in dividing cells. On 
the other hand, subconfluent SV40-transformed cells (Fig. 3c) 
ained about fivefold more PCNA than normal dividing 
$2 cells (Fig. 3a). The magnitude of this increase, one of 
e largest inductions seen on transformation of REFS2 cells 
jy SV40 (data not shown), makes it unlikely that the higher 
level of PCNA in the transformed cells is due simply to their 
lightly shorter generation time. Furthermore, pulse-labelling 
experiments show that the rate of PCNA synthesis is elevated 
-all transformed lines examined, including cells transformed 
yy SV40, adenovirus type 5 and Kirsten murine sarcoma virus'”. 
) In both HeLa cells (not shown) and SV40-transformed REF5S2 
cells (Fig. 3d), PCNA was a major component of the nuclear 
stion. It was more prominent in the nuclear pattern than in 
ie whole cell protein pattern (Fig. 3c), unlike cytoplasmic 
components such as the tubulins and vimentin which were 
detectable but not enriched in the m wi 


ment of PCNA in 


IF 


seen for certain other nuclear proteins. Indeed, some PCNA 
was detected in the cytoplasmic fraction of these cells (not 
shown), but in view of the overwhelmingly nuclear staining seen 
by immunofluorescence*” this may represent a partial leaching — 
from the nucleus during cell fractionation rather than a distribu- 
tion between the two cellular compartments in vivo. Like its — 
human counterpart, the rat PCNA spot was accompanied by a ` 

more acidic satellite spot. The ratio of the two forms did not- 
vary substantially as a function of growth rate or subcellular — 
of this minor form is unclear: 

is identical with cycli 

-behaviour an 









xeptide composition, as well as in biolog 
suggest that the name PCNA be used in future, as sit is the earlier 
nomenclature and the term cyclin has recently become 
_ambiguous'*. As shown here and elsewhere™™??, the level of 
-the protein falls in resting cells and, conversely, it becomes 
_particularly prominent in transformed and tumour cells. Fluc- 
‘uating PCNA levels have probably also been observed in other 
“studies of transformed'* and serum-stimulated'> cells, but in 
these cases definite identification of PCNA is lacking. Although 
“its function remains obscure, correlation of the previously 
-unlinked reports on this transformation-sensitive and cell cycle- 
associated nuclear protein may yield illuminating clues. In this 
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The hypothesis that some transformed cells produce endogenous 
transforming growth factors (TGFs) has been supported by isola- 
-tion of peptide factors from transformed cells'*. One group of 
TGFs, TGF-I, produced only by transformed cells, displays 
sequence homology with the functionall ly related mouse submaxil- 
lary epidermal growth factor (mEGF)°. Both TGF-I and mEGF 
l exhibit similar activities in competition for binding to the EGF 
receptor, stimulation of DNA synthesis and cell growth. Another 
group of TGFs, TGF-H (also known as TGF), present both in 
normal and transformed cells, is structurally and functionally 
unrelated to TGF-I or EGF, and does not compete for binding to 
the EGF receptor or induce cell growth. However, TGF-I or EGF 
“in the presence of TGF-II produces a synergistic effect that is 
: responsible for the observed phenotypic transformation of NRK 
-> fibroblasts*. The complete amino acid sequence of rat TGF-I 
.-@TGF-D from transformed Fischer rat embryo fibroblasts, has 
-> recently been determined”. Using this proposed sequence, we have 
- how prepared synthetic rTGF-I by the solid-phase synthesis method 
<. and find that it exhibits chemical and biological properties indistin- 
_. guishable from those of natural rTGF-I. Since synthetic rTGF-I 
cis free of any biological contaminants, our findings provide 
modi -evidence that rTGF-I is an active principle in the 
‘transformation of cells’. 
` Rat TGF-I purified from the conditioned medium of Fisher 
at embryo fibroblasts transformed by feline sarcoma virus is a 
ngle peptide chain containing 50 amino acid residues and 3 
sulphide linkages. The primary structure was determined by 
iman degradation in a gas-phase microsequencer to be’: 
-Val- Val- Ser- His-Phe-Asn-Lys-Cys-Pro-Asp-Ser-His-Thr- 








| linkages; which h 










appears to coincide witt e nucle 
preceding the Seth of DNA synthesis®”. The availability 5 
relatively monospecific antibodies to PCNA should facilita 
exploration of its connection with the nucleolus, cell division 
and transformation. 

We thank C. Bunn, C. Herrmann, P. Smith and L. Cascio fe 
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and S. J. Fey, P. Mose Larsen and J. Celis for comparison of 
protein samples by two-dimensional gel electrophoresis. This : 
work was supported by NCI grant 13106 and a NATO travel 
grant. 
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Gin-Tyr-Cys- Phe- His- Gly -Thr- Cys- Arg- Phe- N Val- Gl 
Glu: Glu- Lys-Pro-Ala-Cys-Val-C ys-His-Ser-Gly-Tyr- Val-¢ 
Val-Arg-Cys-Glu-His-Ala-Asp-Leu-Leu-Ala-OH. ay 

The chemical synthesis of rTGF-I was performed. manually bi 
the stepwise solid-phase approach, following the general prin 
ciples described by Merrifield’. We adopted the differentia 
acid-labile protecting group strategy, using the conventional 
combination of t-butyloxycarbonyl for the N*-amino terminus. 
and benzyl alcohol derivatives for the side chains. An improved, ». 
more acid-stable benzyl ester linkage that anchored protected 
amino acids to the polymeric support was used to minimize loss... 
of peptides during the repeated acid treatments". Complete. _ 
deprotection and removal of peptide from the resin was achieved. 
by the new low-high HF method”'’, which removed benzyl 
protecting groups by the S.2 mechanism in dilute HF solution; 
this minimizes the serious side reactions due to carbocation: 
generated in the conventional Sn! deprotection method. It als 
minimizes the cysteinyl side reactions that can hamper the: 
synthesis of proteins containing multiple disulphide linkages 

After HF treatment and before any purification, the crude an 
reduced synthetic rfGF-I was oxidized and regenerated by thi 
mixed disulphide method in the presence of a combination of. 
reduced and oxidized glutathione''. This avoided the formation 
of polymeric materials during purification. The regenerated; — 
crude rTGF-I contained 40-50% of EGF radioreceptor and 
tyrosine-specific protein kinase activities when compared with 
natural rTGF-I. Crude synthetic rTGF-1 was purified to. 
homogeneity in three steps: (1) gel filtration on a BioGel P-O- 
column, (2) ion-exchange chromatography on a CM-Sephadex 
column and (3) preparative HPLC on a C,, reverse-phase 
column. Overall yield, based on starting loading of Ala to resin, © 
was 31%, eee 

In both reducing and nonreducing conditions, SpSipolyaciy. Me 
lamide gel electrophoresis of the purified synthetic rTGF-I gave 
a single band with an apparent molecular weight of 7,000. Amino 
acid analysis by 6M HCI and enzymatic hydrolysis provided _ 
the expected theoretical molar ratio of the proposed sequence.: | 
No free thiol was detected in synthetic rTGF-I by Ellman’: 
method of sulphydryl determination’’, but thiolytic redu 
produced the expected theoretical value of six cysteine resi lues. ! 
These findings support the conclusion that synt bis. 
a single-chain polypeptide containing 5 tei 
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< HPLC of synthetic and natural rat TGF-I. a, 33.3 EGF- 
valents of natural rTGF-I; b, 26.3 EGF-equivalents of synthetic 
“1; ¢, 33.3 EGF-equivalents of natural rTGF-I and 26.3 EGF- 
alents of synthetic rTGF-I. Unit EGF equivalency is based 

he displacement of '**1-EGF in the radioreceptor assay. 
thods: Crude synthetic rTGF-I was batch purified by gel filtra- 
n (P-10 column, 2.5 x75: cm, elution with 1 M acetic acid), ion- 
exchange chromatography (CM- ~Sephadex column, 2.5 x15 cm, 
near pH gradient of 5.6-8.0 in 0.1 M NH,OAc) and finally pre- 
parative HPLC (2.5 x30 cm at a flow rate of 1.4 ml min’ , eluting 
witha a linear grani entof acetonitrile in 0.033% trifluoroacetic acid). 
ytic LC Q rmed on a pBondapack C,, column 
1ze, 0.39 x30 cm, Waters Associates) at a flow rate 
| 40°C. Peptides were eluted with a linear gradient 
cetonitrile i in 0:045% trifluoroacetic acid and were monitored 

at 206 nm. 


h natural rTGF-I as a single symmetrical peak in C,, reverse- 


nthetic tTGF-I was compared with natural rTGF-I in three 

iys for the biological properties of the putative transforming 
rowth factor. In the mitogen assay, TGF-I-stimulated growth 
of serum-deprived normal rat kidney cells was measured by the 
ncorporation of '*°I- -iododeoxyuridine. The soft agar assay, 
tformed in the presence of fetal bovine serum and TGF-II, 
nfirmed that the morphological and phenotypic alterations 


nduced by rTGF-I could be quantified. by colony formation in - 


gar. The latter assay has been shown to correlate well with 


horigpnicity™. Foa bovine serum or TGF-H alone does not 
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cum Synthetic TGF 
' -o,@Noturo! TGF 


} 
i 


ogen Assay (OÑ bp). 7 


Colames > 2O00umF 


Soft Agar Assay (W-E ee) 
number xIO T olote) 


a 
4 

3 F $ 

E OEN sty EEEO ERA 


© 


Concentrotian or 


Fig. 2 Dose-response curves of mitogen and soft agar pori 
assays of synthetic and natural rTGF-I on normal rat kidney cells. 
The mitogen assay (open circles and squares) was performed in 
flat-bottom microwells (1 x 10° cells per well) in 100 u! Dulbecco’ J 
minimal essential medium with 10% heat-inactivated fetal bovine. 
serum for 24h and maintained in medium containing 0.1% feta 
bovine serum for 7 days before the assay. Test samples were. ke 
in 50 pl Waymouth medium”, and [5-'**}]iodo-2’-deoxyuridi 
('°L-TUdR, 2.5 pCi mI~', Amersham) was added for the final 24 
of culture”, Cells were washed and collected using a. multip 
harvester and: counted in a y-counter. Maximal '*°1-1UdR incor 
poration (2,048c.p.m.) was 14-fold above control value 
(144 c.p.m.) without added mitogen. Values were corrected. by: 
subtracting '*°-1-IUdR incorporated into unstimulated control cul- 
tures. The assay for colony growth in soft agar (solid circles and ~ 
squares)*! using 49F fibroblast cells was performed as reported 
elsewhere’’, except that the crude platelet- derived murine FGF-H 
was added from stocks of | mg mI™' in phosphate-buffered saline, 
containing | mg ml”! bovine serum albumin. Stained colonies were 
quantified by number and size using a Bausch and Lomb i image 
analyser”. The number of soft agar colonies (> 3,100 um *) in the 
presence of TGF-I] was 96 per plate and was subtracted, 
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o Natural TGF 


Rodioreceptor Assay 
Inhibition of *881-EGF Binding (%) 


igs 

Concentration M] 
Fig. 3 Dose-response curve of radioreceptor assay of syrthet 
and natural rTGF-I. Purified mEFG was radiolabelled wit 
51 by a modified chloramine-T method as described previo 
The '*°I-mEGF binding assay' was performed on subconflu 
monolayers of formalin-fixed A431 cells’. Cells (Bx 10° pe 
were incubated with aad mEGF (0.8 ng mi , 8: g 


tions 5 of natural and synthetic ‘TGF were ‘Gitantified aie rc 
analysis of companion aliquots. The '7°I-mEGF bound was deter- 
mined, and nonspecific binding (binding in the presence of 
2g ml~' mEGF) was 2.4% and was subtracted. 100% binding 
corresponded to 10% of the input radioactivity. > 


branes', synthetic rTGF-I was compared with natural rTGF.: 
for binding on A431 human carcinoma cells. Again, the respons: 
and activities of the natural and synthetic rTGF-I were indisti 
guishable from each other (Fig. 3). The concentration require 
for 50% inhibition of '**I-EGF binding was 3.5 and 4.1 nM fi 
natural and synthetic rTGF-I, respectively. A consequence. Q 


_ TGF or EGF binding to the EGF membrane receptors is the 
_ stimulation of phosphorylation of tyrosine residues i in 5 synthe 
N or r endogenous subs | 









seat by sequencing studies’. Since synthetic rTGF- I 
vompletely free of biological contaminants, its biological 
perties must be entirely due to the proposed structure of rat 
IGF-I, confirming the view that transformed cells produce 
endogenous growth stimulating polypeptide factors. 

<- This research was supported by grants to J.P.T. from the 
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A characteristic of growing oocytes of all animal species is the 
synthesis and accumulation of messenger RNA which is destined 
to be used primarily by the early embryo'?. The mechanism(s) 
which regulates the translation of this maternal mRNA remains 
unknown. However, the inability of the oocyte to translate all of 
its putative mRNA has been attributed to at least three limitations: 
(1) The rate of translation is limited by the availability of com- 
ponents of the translational apparatus other than mRNA*, (2) 
_ the structural organization of the mRNA prevents translation”, 
and (3) proteins associated with the mRNA prevent translation” 
Several investigators have suggested that proteins associated with 
maternal mRNA suppress translation in sea urchin eggs’, 
although. others claim that such results may be due to experimental 
irtefacts'''*, Oocyte-specific proteins have been identified in 
ssociation with non-translating poly(A)” mRNAs from Xenopus 
vis oocytes'*'® 
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Fig. 1 Centrifugation of native and reconstituted RN Ps. Formal- 
dehyde-fixed native RNPs from oocytes were centrifuged through 
a sucrose gradient, fractionated and the absorbance at 254 nm in. 
each fraction was determined (a). The fractions corresponding t 
40-605 (fractions 8, 9) were collected, dialysed and centrifuged 
through a CsCl gradient. Fractions (0.2 ml) were collected and 
absorbance at 254nm was determined, as was the density which _ 
was calculated from refractive index (d). lodinated poly(A) RNA _ 
from stage 1-2 oocytes and rabbit globin mR NA were reconstituted | 
with the RNA binding proteins and were centrifuged through 
sucrose gradients (poly(A) RNP (b); globin mRNP(c)). The 40-608 | 
fractions from these gradients were then collected, fixed and cen- 
trifuged on CsCl gradients (poly(A) RNP (e); globin RNP (/)). 
Values for radioactivity (O-O) and density (-:-) are shown. The 
arrow indicates where the 80S monosome sedimented. 
Methods: Stage 1-2 Xenopus oocytes were homogenized in poly- 
some buffer (0.3M KCI, 2mM RIBS lie 20mM Tris-HCI pH 7.4, 
4ygml~' polyvinyl sulphate, 0.01% diethylpyrocarbonate, 
10 zg ml”! cycloheximide and 0.5% Nonidet P-40) and the post- 
mitochondrial supernatant was then centrifuged through a 5-30% 
sucrose gradient in buffer in an SW41 tube for 3 h at 4°C at 34,000 
r.p.m. The gradient fractions corresponding to the 40-60S region- 
were collected, dialysed against 10 mM phosphate buffer pH 7.2, > 
and then fixed in phosphate-buffered 4% formaldehyde for 2h at 
4°C°’. These particles then were suspended in 10 mM HEPES pH 
7.5 and 0.5 M NaCl and applied to an oligo-d(T) cellulose column 
(P-L Biochemicals, type 7}. The column was washed in high salt 
buffer until no UV(A;,,)-absorbing material was detected in the: 
eluate. The poly(A} RNPs were then eluted in 10 mM HEPES pH | 
7.5. Fixed RNPs were centrifuged through preformed 30-60% 
CcCi gradients** for 12h in an SW 50.1 tube at 33,000 r.p.m. at 
4°C. Poly(A) RNA and globin mRNA were iodinated by the TICI, 
method as described previously '*. 





To obtain oocyte protein for reconstitution experiments, stage: : 
l-2 Xenopus oocytes were homogenized and the ribonu- | 
cleoprotein (RNP) particles sedimenting through a sucrose 
gradient to a 40-608 fraction were collected. The proteins from 
such RNPs were purified further by elution from a phosphocel- 
lulose column in high salt as reported previously'®. The five 
major proteins in this fraction have molecular weights of 50,000- 
94,000, bind poly(A)” RNA with high affinity and are oocyte 
specific'®. For reconstitution studies, these proteins were m 
with I-labeled poly(A) RNA from stage 1-2 oocytes: 
sae ne wi native gets ticle b crose gradient and C 
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< Expt 1: Four stage VI Xenopus oocytes were injected with 10 ng of pure globin mRNA, 10 ng of globin mRNA reconstituted with 10 ng calf 
thymus histones, or 10 ng of oocyte binding proteins (preparation 1) prepared as follows. Stage 1-2 Xenopus oocytes were homogenized and the- 
post-mitochondrial supernatant was centrifuged through a sucrose gradient'®. The RNPs sedimenting to the 40-60S fraction were collected and | 
applied to a phosphocellulose column. The proteins eluting in 1-2 M NaCI were used for reconstitution ®. Reconstitution conditions were 30-60 min: 
on ice in 10 mM Tris-HCI pH 7.5 and 50mM NaCl. Oocytes were cultured for 12 h in OR-2 medium” and then injected with *H-leucine*. Oocyte: 
ere then cultured for 1 h. The radioactive proteins were collected*, electrophoresed on a SDS-12.5% polyacrylamide gel and the radioactive globin’ 
id was cut out, oxidized and the radioactivity determined by liquid scintillation spectrometry*. Expts 2~6: Five oocytes were injected with 3 ng 
ure globin mRNA, or globin mRNA reconstituted with 30 ng of calf thymus histones, Xenopus oocyte ribosomal proteins (that is, Xenopus stage 
oocyte proteins extracted from RNP particles with high salt (2M NaCl) which sedimented at 80S and had a molecular weight <60:0 
ermined by gel filtration), Xenopus liver, leg muscle and heart proteins prepared in the same way as the oocyte RNA binding proteins 


opus stage 1—2 oocyte RNA binding proteins 


. Oocytes were cultured for 18 h in modified Barth's saline** and then injected with **S-methionin 


tes were cultured for an additional hour and the protein prepared as described previously’. The relative amount of globin synthesis 
ermined by densitometry of autoradiograms or by direct quantitation of the radioactivity in the putative globin band. Expt 2 used oocyte R 
ding protein preparation number 2, expt 3 used preparation 3, expt 4 used preparation 4 and expt 5 used preparation 5. The autoradiogt 


own in Fig. 2 was taken from expt 4. 


density of 1.36 gem", with a minor peak at 1.42 gcm™* (Fig. 
ld}. Similar experiments were performed with '**I-labelled rab- 
bit globin mRNA. Reconstituted globin mRNP also sedimented 


5:1, very similar to a previous estimate of oocyte poly(A) RNP 
protein to RNA mass ratio of 4:1 (ref. 14). The reconstituted 
poly(A) RNP and globin RNP had protein to RNA mass ratios 

$: 1. Other experiments (data not shown) demonstrated that 

same ratio was obtained even with a 10-fold greater amount 
yrotein in the initial incubation with the RNA. Thus, based 

he physical characteristic we have measured, the recon- 
uted RNPs appear to be very similar to native RNPs. 

To test the translatability of reconstituted RNPs in vitro, we 

ive injected RNPs into Xenopus oocytes. Since the endogenous 
“mRNAs being translated represent a subset of total poly(A) 
-RNA in the oocyte, the translation of reconstituted poly(A) 
"RNAs would be difficult to assess quantitatively°. Accordingly, 
we have determined whether the oocyte-specific RNA binding 
proteins affect the translation of globin mRNA. Figure 2 shows 

an SDS gel autoradiogram of the proteins synthesized in mRNP- 
njected oocytes. When pure globin mRNA was injected, globin 
synthesis was readily detected (Fig. 2, lane 2). However, when 
globin mRNA was reconstituted with oocyte proteins before 
njection, no globin synthesis was apparent (lane 3). Globin 
mRNA reconstituted with other basic proteins such as histone 
{lane 4) or ribosomal proteins (lane 5) was still translatable. 
Furthermore, reconstitution of globin mRNA with basic liver 
proteins (lane 6), extracted from the 40-60S particle fraction 
and purified as described for the oocyte proteins, did not prevent 
ble | summarizes several experiments to determine the 

int of globin synthesized as a consequence of reconstitution 
protein from several sources. The reconstitution of globin 

1A with histones or ribosomal proteins or proteins from 

liver, muscle or heart prepared in a manner identical with 
ocyte proteins described above, results in as much as 42% 


Fig. 2 Autoradiogram of proteins synthesized in mRNP-injected. 
oocytes. Oocytes were injected with Sng of pure rabbit globin © 
mRNA (lane 2), or 5 ng globin mRNA reconstituted with 30 ng of 
stage l-2 oocyte proteins (lane 3), 30 ng of histones (lane 4), 30 ng — 
of ribosomal proteins (lane 5), or 30 ng basic liver proteins dane 
6). Control oocytes were not injected (lane 1). 

Methods: Conditions for reconstitution are described in Table | 
legend. Oocytes were injected with mRNA or mRNP, cultured for 
18 h, injected with **S-methionine (Amersham; 1,220 Ci mmol™') 
and cultured for an additional hour. Oocytes were homogenized’ 
in 50mM NaCl, the protein was collected*, and resolved by SDS- 

12.5% polyacrylamide gel electrophoresis. 


injection’, it is likely that the non-oocyte proteins protect the’ 
mRNA from oocyte nucleases until it is loaded onto polysome 
As Fig. 2 indicates, the oocyte-specific proteins inhibit globin 


was some vari 








Fig. 3 The inhibition of translation by oocyte-specific proteins is 
reversible. a, Five noninjected oocytes (lane 1), or oocytes injected 
with 5 ng pure globin mRNA (lane 2), 5 ng globin mRNA recon- 
stituted with oocyte proteins (lane 3), or 5 ng globin mRNA recon- 
stituted with oocyte proteins and then deproteinized (lane 4), were 
cultured and then injected with *°S-methionine. The resulting 
radioactive proteins were resolved by SDS-gel electrophoresis and 
fluorography. b, Synthesis of reconstituted globin mRNA in a 
wheat germ lysate. Lane 1, no MRNA added; lane 2, | yg globin 
mRNA reconstituted with | ug of oocyte proteins and then digested 
with | ug ml”! RNase A: lane 3, | pg pure globin mRNA: lane 4, 
I ug globin mRNA reconstituted with | ug oocyte protein: lane 5, 
l pg globin mRNA reconstituted with 9 pg oocyte protein: lane 6, 
1 pg globin mRNA reconstituted with 9 ug oocyte protein and then 
deproteinize 
Methods: Globin mRNA and oocyte proteins were reconstituted 
as described in Table | legend (expt 4). One-half of the mixture 
(as well as pure RNA) was extracted once with buffer(i0 mM 
Tris-HCl pH, 0.1% SDS)-saturated phenol/chloroform/isoamy! 
alcohol (25:24:1) and once with chloroform/isoamyl alcohol 
(99:1). The aqueous phases were then injected without further 
modification. The efficiency of recovery was ~80% based on the 
extraction of reconstituted '**I-globin mRNA. Following RNP or 
RNA injection, oocytes were cultured for 18h and then injected 
with *°S-methionine. The resulting radioactive proteins were collec- 
ted and analysed as described for Fig. 2. The wheat germ lysate 
(BRL) reaction volume was 30 pl containing $yCi of *°S- 
methionine. The reaction was carried out at 25°C for lh. 
Deproteinization and the analysis of the radioactive proteins were 
as described above. 






: We have assayed for ribonuclease contamination in the oocyte 
-protein preparation. *’P-labelled total oocyte RNA was mixed 
= with the oocyte proteins and the RNA was resolved by denatur- 
-ing agarose gel electrophoresis and autoradiography. In contrast 
. to pure 2 P.labelled oocyte RNA, no degradation of the recon- 
“stituted RNA was observed (data not shown). In addition, total 
RNA from oocytes injected with globin mRNA reconstituted 
with the oocyte proteins was extracted and used for an RNA 
_ gel.blot. Using *’P-labelled globin cDNA as the probe, only 
full-size globin mRNA was evident when pure or reconstituted 
globin. mRNA was injected (data not shown). However, the 
possibility remained that the oocyte proteins rendered the 
“mRNA nontranslatable by some permanent modification not 
detected by the methods described above. Therefore, we deter- 
mined whether reconstituted globin mRNA may become trans- 
datable following deproteinization: Figure 3a again demon- 
a that g a was detected when pue mRNA 













reversibly inhibit the (fanaiaGon of ected mRNA i in ii 
oocytes. 
The ability of the oocyte proteins to inhibit taadaa 
globin mRNA in vitro was also tested (Fig. 3b). Whereas 
translation of globin mRNA was very efficient in a wheat ge 
lysate (lane 3), that of mRNA reconstituted with increasing 
amounts of the oocyte proteins became progressively more 
inefficient (lanes 4, 5). 
We have conducted preliminary experiments which suggest 
that mR NP unmasking can occur in vivo. These experiments 
based on the observation that in oocytes induced to under; 
maturation by progesterone, general protein synthesis app 
mately doubles’! due to the recruitment of previously unt 
lated mRNA onto polysomes’’. If this recruitment invo ves 
mRNP unmasking, it might be expected that injected globit 
mRNP would become translatable inthe mature oocyte. Whe 
such experiments were done in oocytes injected with recon 
stituted globin mRNP and then induced to mature, there w 
3.5-fold increase in radioactivity in the globin band. Howe 
in noninjected oocytes which had undergone maturation, 
2.9-fold increase in radioactivity occurred in the region of a 
SDS gel where globin would be expected to migrate. Although 
we tentatively attribute this difference to globin mRNP unmask 
ing, the fact that the synthesis of endogenous proteins partially 
obscures our quantitation of globin synthesis suggests the need * 
for a more rigorous study to confirm these observations. | ; 

The present study demonstrates that oocyte-specific proteins 
extractable from native RNPs may be reconstituted with mRNAs 
in vitro to form particles which resemble native RNPs. Furthe: 
these proteins can reversibly repress the translation of the mRN 
in vivo (as well as in vitro). Several control experiments support 
the view that this result is not due to nonspecific inhibition 
Thus, we now have a system whereby proteins can be used in 
reconstitution experiments and their ability to alter translation 
and/or stability of mRNA in in vive conditions may be investi- 
gated. In this connection, a monoclonal antibody to an oocyte 
RNA binding protein has been isolated”. Thus, with this and 
other monoclonal antibodies, individual proteins may be iso- . 
lated and reconstituted with mRNA, and the function of each © 
assessed. 
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in solution as investigated by NMR — T.R. Krug: index. 
‘This book is highly recommended as a useful introduction to 
nucleic acid structure’ W.K. Olsen, Cel 1981. 


Volume 2 
Topics in Nucleic Acid Structure — Part 2 
Edited by Stephen Neidle 


- Department of Biophysics, Kings College, London 


_ Autumn 1982 £47.00 320pp ISBN O 333 31555 3 

Contents 

Theoretical calculations of nucleotide and nucleic acid 

conformation ~ WK., Olsen, Structure, dynamics and energetics 

_ of a dodecamer duplex and its selectively modified anal ogues in 
solution — D.J Patel et at: New RNA crystal structures since 

yeast RNA (Phe) ~ 4.7. Wright: Hairpin loops in supercoiled 


=o DNA- DM Lilley; X-ray crystallographic studies of nucleic 


acid binding proteins ~ A. McPherson: Recognition of natural 

_ and chemically- ‘damaged nucleic acids by peptides proteins — 
`C. Helene et al: Helical periodicity of DNA in solution and in 

o chromatin ~ D. Rhodes: index. 

=: This second volume in the Topics in Molecular and Structural 
- Biology’ Series extends the approach given in Volume 1 to 

related areas of current interest and activity. 

Volume 3 

Molecular Aspects of Anti-Cancer Drug Action 

Edited by Stephen Neidle 

Department of Biophysics, Kings College, London 

M.J. Waring 

Department of Pharmacology, University of Cambridge 

Spring 1983 c£30.00 c320pp ISBN 0 333 31556 1 

Contents 

Anti-tumour acridines — W.A. Denny, B.C. Baguley, B.F. Cain and 

MJ. Waring; The interactions of daunomycin and Adriamycin 

with nucleic acids - S$. Neidle and M.R. Sanderson: New natural, 

semisynthetic and synthetic anthracycline drugs ~ UR. Brown: 

Mechanisms of selective cytotoxicity of Adriamycin, 

daunomycin and related anthracyclines ~ H.S. Schwartz: 

Molecular aspects of the interaction between quinoxaline 


a antibiotics and nucleic acids — M. Waring and KR. Fox: 


Bleomycin ~ L.A. Povirk, Action of platinum anti-tumour drugs ~ 

Jad: Roberts and MP. Pera, dr.. Molecular structure and 

antitumour of alkylating agents — D.F.V. Wiman and 

TA. Connors, The chemistry of DNA damage by anti-tumour 

drugs ~ A.W. Lown: Biological aspects of DNA damage by cross- 

“linking agents — K.W. Kohn: inhibitors of dihydrofolate 
reductase ~ B, Roth, E. Bliss and C.R. Beddell. 


Volume 4 

Biomembrane Structure and Function 

Edited by Professor D. Chapman 

Royal Free Hospital, London. 

June 1983 c.£35.00 ¢.370pp ISBN 0 333 31869 2 

Provisional Contents: 

Calorimetric studies of model biomembranes — Bach: Raman 

and LR. studies of lipids and natural biomembranes — 

Makowski; Neutron studies of mode! biomembranes 

~ Worcester: NMR studies of model and natural biomembranes 
~ Hauser; Protein rotation and diffision using laser techniques — 

Hoffman and Restall; Protein-lipid interactions in biomembranes.. 
~ Chapman, Theoretical considerations of two-dimensional 

eae. phase transactions and biomembranes — Pink; 

Bacteriorhodopsin and the mechanism of the proton pump- s 

Osterholt; lon transport across biomembranes — Studies of the 

CA?*~ ATP ase of the sarcoplasmic reticulum — Inesi 


Volume 5 

Polysaccharides 

Edited by E.D.T. Atkins 

HH. Wills Physics Laboratory, University of Bristol 

December 1983 ¢.£30.00 ¢.250pp ISBN 0 333 33371 3 

Provisional Contents: 

The structural polysaccharides cellulose and chitin — Blackwell, | 

Solution and conformational aspects of polysaccharides — 

Brant, NMR studies of polysaccharides — Casu, Electron 

microscopy and electron diffraction of polysacchari des - 

Chancy, Bacterial polysaccharides — isaac Industrial uses 

polysaccharides — Marchessauit, Polysaccharide gels ~ 

Smidsred; Connective tissue polysaccharides ~ Nieduszynski, | 

Molcular shapes of blood-group and cell surface 

polysaccharides ~ Rao, Starch and the linked = 

polysaccharides — Sarko, Structure of polysaccharide derivates a 
~ Zugenmair, Texture and morphology of plant cell walls — 

Albersheim, Polysaccharide-protein complexes Atkins. 


Volume 6 

Connective Tissue Matrix 

Edited by D.W.L. Hukins 

Department of Biophysics, University of Manchester 

Winter 1983 c.£30.00 c.250pp ISBN 0333 33372 1 
Provisional Contents: : 
Tissue components ~ Hukins: Collagen and collagenasses — 
Weiss, Proteoglycan aggregates ~ Bayliss, Collagen fibril , 
structure ~ Chapman; Theoretical aspects of collagen fibril ` 
structure ~ Woodhead-Ga/loway,; Swelling pressure and 
collagen tension — Armstrong and Mow, Composite materials — 
Geronimidis and Vincent; Collagen orientation — Hukins. 


Volume 7 

Metalloproteins (Part 1) 

Edited by P. Harrison l l 

Winter 1983 c.£30.00 c.250pp ISBN 0 333 33374 8 


Volume 8 

Metalloproteins (Part 2) 
Edited by P. Harrison | 
Spring 1984 ISBN 0 333 333756 


Piease send orders or requests for information to Felicity Parker, 
Product Manager, Scientific and Medical Division, The Macmillan Press Ltd., 
_Houridmilis, igi sv ee RG21 2x5, UK. 
























































if health in the developing world is to be improved without 
waiting for the slow processes of economic growth, we need to 
know what are the specific factors that promote national health, 
and how far they can be manipulated as a matter of national and 
international health policy. Many such factors — medical, 
environmental, biological, social, economic and political —— can 
= þe tentatively identified on general grounds or on the basis of 
-evidence at the individual or community level. The study 


| THE CONTRIBUTION OF GENETICS TO 
THE STUDY OF PARASITIC PROTOZOA 


by D. Walliker, University of Edinburgh, Institute of Animal 
Genetics, Scotland 


This is the first book on the genetics of parasitic protozoa, now 
an expanding field of study. The book concentrates on a few 
= protozoa which cause major diseases — malaria parasites, 
trypanosomes (the cause of sleeping sickness) and coccidia (of 
“veterinary importance), and describes how genetic studies can 
contribute to the planning of effective control measures. 
-Tropical Medicine Research Studies Series No. 4. 
086380 005 X 228pp October’83 £29.50 
“an authoritative guide to the present state of a rapidly 
expanding subject much of the expansion being due to the 
work of the author himself.” 
LR. Baker, BRITISH SECTION OF THE SOCIETY OF 
PROTOZOOLOGISTS : NEWSLETTER January 1984 


- THE BIOLOGY OF ENTAMOEBA 
HISTOLYTICA 


by A. Martinez-Palomo, Department of Cell Biology, Centre 
for Research and Advanced Studies, National Polytechnic 
co Institute, Mexico City 


` Invasive amebiasis is a major health problem in regions of the 
¿world where inadequate sanitary conditions together with 
poverty, ignorance and overcrowding, and the prevalence of 
= highly virulent strains of E.histolytica combine to sustain a high 
“level of intestinal amebiasis in children and of liver abscesses in 
adults. This book is a much-needed review which evaluates the 
present state of knowledge of the biology of the parasite, 
information previously dispersed in books, journals and 
proceedings of unrelated medical and biological specialties. 


Tropical Medicine Research Studies Series, No. 2 


Contents: Preface; Introduction; Cell Biology; Biochemistry; 
Species of Entamoeba; Immunology of Amebiasis; Parasite 
Factors of Virulence; Some Unsolved Problems in Amebiasis 
Related to the Biology of the Parasite; References; Selected 
< Monographs and Articles on Amebiasis. 
0477 10404 3 174pp june’82 £17.85 
-o h must be regarded as a “gem” for both the student and long 
-o tern researcher of intestinal amoebae.” 
_ REVIEW FOR BUREAU OF HYGIENE AND TROPICAL DISEASES 1982 







ghly recommended; it isa classic contribution to 
h, TRENDS IN BIOCHEMICAL SCIENCES, April 1983 





| IN ONCHOCERCIASIS / Mackenzie | 


| approx. £26.00 





TROPICAL MEDICINE RESEARCH STUDIES SERIES 
Series ‘Editor: Dr. K.N. Brown, Parasitology Division, National Institute for Medical Research, Mill Hill 


DETERMINANTS OF HEALTH LEVELS 
IN DEVELOPING COUNTRIES 


by G.E. Cumper, Ross Institute, London School of Hygiene and Tropical Medicine 


described in this book tests many of these identifications against 
international statistical evidence. Regression techniques are 
applied to a data base covering 160 countries and incorporating 
data on mortality rates, inputs to the health services and other 
health-related factors. 


Tropical Medicine Research Studies Series, No. 5 


086380 008 4 160pp 


PERSPECTIVES IN TRYPANOSOMIASIS 
RESEARCH 


Proceedings of the Twenty-First Trypanosomiasis 
Seminar, London, 24th September 1981 : 
edited by J.R. Baker, Institute of Terrestrial Ecology, Cambridge zs 


January’84 £19.50 


Proceedings of the 21st Seminar of Trypanosomiasis , held on 
24th September 1981 in London, organised by the British Society 
for Parasitology, held at accommodation provided by the Royal 
Society of Tropical Medicine and Hygiene. The general theme 
of the meeting was current inadequacies in trypanosomiasis, | 
and tsetse research and control; there were three sessions on 
trypanosomiasis, chemotherapy and tsetse. The book contains | 
the substance of the talks by the invited speakers. | 
Tropical Medicine Research Studies Series, No. 3 

0471 104787 Tipp September’B2 £13.60 


”.. a well-written and valuable book. it should be added to the 

library of anyone interested in the epidemiology and control of | 
the trypanosomiases. | 

AMERICAN JOURNAL OF TROPICAL MEDICINE AND HYGIENE 

July 1983 


SCHISTOSOMA MANSONI 
The Parasite Surface in Relation to Host Immunity 


by DJ. McLaren, Division of Parasitology, The National 
Institute for Medical Research, London 


This monograph considers in detail the structural and - 
immunological properties of the developing parasite surface. 
and its relationship to parasite survival in the immunocompe- 
tent host. It draws together the established and very recent 
information on the morphological, immunological and 
physiological properties of the developing schistosome surface, 
so that the reader may be immediately aware of the inter- 
relationships of these various disciplines. 
Tropical Medicine Research Studies Series, No. 1 
0471 27869 6 246pp November’80 £26.56 
“Dr. McLaren writes clearly and with considerable authority on 
her subject. The book will be required reading for all serious 
researchers in parasite immunology.” 

R.A. Wilson, Department of Biology, University of York, U.K. 
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BOOK REVIEWS 





Guy Ourisson 


-ho ur Sauver l’Université. By Laurent Schwartz. 


Editions du Seuil, 27 rue Jacob, F-75261, Paris Cedex 06: 1983. Pp. 123. Pbk FF 49. 





LAURENT Schwartz, a Fields medallist, is 
certainly the most outspoken mathe- 
matician in France. For years, he has 
persistently taken strong public stands 
against colonialism in Algeria, for human 
rights and civic liberties in the USSR, for 
progress through education and scientific 
research, and for the electoral victory of 
the Left in France. So when he writes of the 
reforms currently underway in French 
universities that ‘‘mediocrity will take 
precedence over quality, diversity will 
disappear into drabness, responsible 
decisions will be made impossible by irres- 


~ ponsible politicking’’, everybody in French 


cademic circles is likely to listen to what he 
has to say. 

Schwartz sets the tone unambiguously: 
“I hope the present socialist experiment 
will succeed. I want to help the Govern- 
ment, and this is why I criticize it”. Despite 
this clear warning, I had expected, when 
this book appeared last autumn, that his 
analysis — expert, explicit and caustic — 
would become political TNT graciously 
handed to the opposition parties. This, in 
fact, has not really been the case; when the 
book came out, the opposition had already 
shifted its attention to more popular 
disputes than the Savary reform. Such is 
the prodigious capacity of Gallic organi- 
zations to lose interest once a law has been 
passed and all that remains to do is to try to 


apply it 
_ Pour Sauver l’Université has now been 





read by everybody in French academic 


— e 


is 
Students march through Paris in May last year in protest at the proposed reform of the nation’s paiverdty system. 


circles; at least, the reviews have been read. 
The book has helped to focus the final 
round of discussions in Parliament on 
some of the key points of the Savary 
reform. It has helped in generating, in the 
universities, new trends and new view 
points. It has been a useful book, but one 
which has in part estranged Schwartz’s 
own Left, the author being branded as an 
elitist, an arch-enemy of the Unions and 
the avowed leader of the ‘‘mandarins’”’ (in 
France, the reactionary professors). 
Schwartz’s influence has rallied around the 
Slogan ‘‘Qualité de la science” lists of 
candidates, politically non-aligned and 
independent of the trade unions, in recent 
elections to various national ‘‘Comités’” — 
and his name has helped these candidates 
to be elected en masse. So the impact of this 
little book in France has been great. But 
who outside of France would discover it to 
be worth reading? 

What is found in Pour Sauver 
l’Université ranges from the specific to the 
general. I doubt if anybody outside France, 
except perhaps students of French 
education, would bear reading the chapter 
criticizing the new voting procedures 
chosen for the various bodies of university 
self-government (those same procedures 
which a few months later enabled ‘‘Qualité 
de la science’’ candidates to be elected in 
great numbers). I also doubt if anybody 
outside the French system would gain 
anything useful from the chapter des- 
cribing the dual higher-education system in 
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France, in which Grandes Ecoles thrive 
alongside universities, select supposedly 
the best students, in some areas 
monopolize the job market, nurture the 
industrial elite, and yet are in many cases 
appallingly alien to the very notions of 
innovation and of research. We French 
have to cope with this system, and try to 
adapt it to changing needs — but nobody 
else would gain from adopting it. 

On the other hand, it is quite probable 
that a longer lasting interest could be found 
in the three remaining chapters: two on the 
virtues of selection of students, and on the 
way to organize it, and the last one on the 
interaction between teaching and research. 
These are real, general problems, common 
to many countries, and Schwartz has a very 
wide knowledge of the situation in the 
United States, in Great Britain and in 
Germany. His opinions therefore carry 
some weight. For instance, he gives a very 
lucid discussion of the fallacy equating free 
entry into universities with the democrati- 
zation of higher education — particularly 
when students, once admitted, are not 
orientated towards fields adapted to their 
skills and thus in part towards the job 
market, but have to cope unassisted with 
examiners determined to let only the fittest 
survive. He also broadly defines conditions 
which would favour a genuine democrati- 
zation of the higher education system — by 
setting ambitious goals for students and 
helping them to choose progressively the 
area in which they could excel, or at least do 
their best. Admittedly, this is the very philo- 
sophy of the Savary reform; but here, as in 
many other places in the book, Schwartz is 
more critical of what he fears will be made 
of these changes, by us his colleagues, than 
of the content of the new law itself. 
Obviously, he shares with me a certain 
scepticism of the real efficiency, in France, 
of a ‘‘definitive’’ law. 
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| evoted to research (more precisely, t 
remain in tune with the book’s nee 
‘theme, to the ‘Dangers Looming over 








‘Research’’). This gives a good description | 


of what really works well in French 
‘research (apart from Big Science): the 
unique symbiosis of the National Research 
Council (the Centre National de la 
> Recherche Scientifique) and the uni- 
versities, which might well be a worthwhile 
export item. Schwartz believes it is 
endangered; I do not, and I do not believe 
>that any law can threaten it more than our 
-natural tendency to divide Gallia into as 
_. many little fiefdoms as we can. 
Anybody interested in understanding 
the currents now flowing in French 
academia, and shaping it anew, should 
read this short and intelligent book. A 
‘complementary audience might also 
Include students of academic research as 
well as some sociologists and historians. 
But whatever their background, all readers 
should remember to place Schwartz’s 
- thesis within a general perspective of the 
‘rench political situation in which it is 
ooted. n 






























y Ourisson is Professor of Chemistry at the 
iversité Louis Pasteur in Strasbourg. From 
970 to 1975 he was President of the Université 
-Louis Pasteur, and in 1981-1982 was Director- 
“General of Higher Education and Research 
responsible to M. Savary. 


ADVERTISEMENT 


i The current issue of Peptides: 
Ivol 5, no. 2 (March/April), 
11984, is devoted to recent 
progres in research on vaso- 
Jjactive intestinal polypeptide 
(VIP) and related peptides. The || 
papers, based on presenta- 
tions at the 1st international 
isymposium on VIP, held 

| Brussels, September 13-16, 
1983, deal with aspects of 
I chemistry, biochemistry, 
l anatomic localization, physio- 
logy, pathophysiology and 
clinical significance of VIP (and 









OH PHI): Topics relate to thej 
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Į nal, cardiovascular, respira-| 
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M. J. Dring 


Light and Photosynthesis in 
Aquatic Ecosystems. 

By John T. O. Kirk. 

Cambridge University Press: 1983. 
Pp.401. £37.50, $74.50. 








THERE are advantages and disadvantages 
in attempting to bridge the gap between 


two scientific subjects. Ideally, the bridge | 


will provide a route for the two-way traffic 
of ideas and scientists; but if the two 
subjects are in very different states of 
development, it may result instead in a 
brain-drain from the weaker to the 
stronger subject. 

By bringing together the physics of 
underwater light and the biology of aquatic 
photosynthesis, Dr Kirk’s book seems 
more likely to produce the latter result. 
Part I (“The Underwater Light Field”) 
constitutes such a superb manual for 
would-be modellers that it may well 
persuade many aquatic biologists that, 
given the availability of modern 
underwater irradiance meters and 
microcomputers, it is very much easier to 
measure light than to measure 
photosynthesis. Part I] (“Photosynthesis 
in the Aquatic Environment’’), on the 
other hand, creates the impression that 
biologists are still far from the position 
where they can make much use of the exact 
information about underwater light 
described in Part I. There is, therefore, 
little incentive for physicists to become 
involved with photosynthetic problems 
and to reciprocate the movement of 
biologists into their field. This is a familiar 


problem at the boundaries of biology and 


physics, but one which is accentuated to a 
possibly unnecessary degree by the contrast 
between the two parts of Dr Kirk’s book. 


Part I is rigorous, lucid and concise. A | 


review of the optical properties of water 
leads into thorough accounts of what to 
measure and how to measure it, and how 
these measurements can be used to 
characterize fully the underwater light 
field. Biologists may wonder from time to 
time if they really need to know all of the 
details discussed, but Dr Kirk provides 
clear, complete answers to their 


commonest questions, together with | 


valuable compilations of measurements 
from water bodies around the world. Here, 
at last, 
underwater optics for biologists, which 
must become an essential reference for 


students of all photobiological aa 


underwater. 


| must establish their bridgeheads before 


is the complete manual on | 


| ceived to be part of his otherwise tino 
Jf) The excellence of Part I sets sucha high 4 
| | standard that it may seem churlish to | 
A. complain that Part H fails to live up 


but aio in the author’ s es 
Acknowledging that light is not the. 






| controlling factor, he has attemp: 
| reasonably comprehensive accoun 


aquatic photosynthesis, in which few . 
references to underwater optics are. 
couched in more than general and 
qualitative terms. Consequently, those 
readers who know enough about aquatic —_ 
photosynthesis to appreciate and benefit. _ 
from Part I are liable to be disappointed by 
Part Il. Instead of retracing the steps of = — 
other recent books and reviews, I feelthat 
Dr Kirk should have tried to illustratehow 
our understanding of aquatic 
photosynthesis might be advanced by 
applying the knowledge of underwater 
light presented in Part I. Bridge builders’ 
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Seeing new light 
Alan E. Shapiro 


Optics after Newton: Theories of Light in 
Britain and Ireland, 1704-1840. 
By Geoffrey Cantor. 

Manchester University Press: 1984. 
Pp.257. £20, $25. 





THE traditional history of optics from the 
publication of Newton’s Opticks in 1704. 

to 1840 runs roughly as follows. The 
Newtonian emission or projectile theory of _ 
light dominated the wave theory in the 
eighteenth century, which, however, wa 
overall a ‘‘sterile’’ period for optical 
research. The wave theory began to gain 
the upper hand at the beginning of the nine- 
teenth century, when Thomas Young. 
discovered the principle of interference, =~ 
although initially his work was unjusti- ` 
fiably ignored. Finally, within a decade of © 
Augustin Fresnel’s comprehensive formu- 
lation of the wave theory (1815-1825), that 
theory vanquished its rival. ae 

Geoffrey Cantor’s primary aim in Optics 





after Newton is to reinterpret many oe 


elements of this story. He rejects the 
‘sterility’ thesis for the eighteenth 
century; he adds a third major theory of 
light, fluid theories, in which light is con- 

ceived to be a subtle fluid of interacting 5 
particles — not independent projectiles — -= 
flowing from a luminous source; and he 
argues that Young’s principle of inter- 
ference was rejected because it was. pe 
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Genetic Engineering i in Higher Plants 


ditor: R.Shoeman 


: 1984. 2 figures. Approx. 245 pages 
í Monographs on Theoretical and Applied Genetics, Volume 8) 
o Cloth DM 148,~, approx. US $ 58.10, ISBN 3-540-13284-8 


The book contains many results not previously available in 
English. Originally published in Russian in 1982, it was re- 
vised considerably and up- -dated for this English edition. 


itor pp c Sink 


figures: Approx. 296 pages 
ographs on Theoretical and Applied Genetics, Volume 9) 
M 98,-: approx. US $ 38.50. ISBN 3-540-13472-7 


; book covers the classical aspects of Petunia biology as 
ell as the more modern subjects of genetics and bio- 
chemistry of genes involved in floral pigmentation, molecu- 
- lar biology, haploidy, cell and anther culture, and protoplast 
muson, 


‘mbryology of Angiosperms 


Editor: B.M. Johri 


984. 278 figures. Approx. 820 pages 
loth DM 296,-: approx. US $ 173.70. ISBN 3-540-12739-9 


Contents: Embryology: Then and Now, - The Micro- 
< sporangium. - The Ovule. ~ The Female Gametophyte. - 
<The Pollen Grain. - Fertilization. - The Endosperm. - The 
Embryo, - Polyembryony. - Gametophytic Apomixis. - 
Role of Polyploidy in Reproductive Organs and Tissues. - 
‘The Seed: Structure. - The Seed: Germination. - Embryol- 
ogy and Taxonomy. - H omologies and Phylogeny. - 


~ Hormonal Regulation 


of Development II 

The Functions of Hormones 

from the Level of the Cell to the Whole Plant 
Editor: r : Scott 


Cloth DM 168. -; approx. “US Si ves 90, ISBN 3- 540 10190- 4 
20% discount for purchasers of Volumes 9, O and 1] 


Compartments in Algal Cells : 


and Their Interaction 
Editor: W. Wiessner, D. Robinson, R.C. Starr 


1984. 136 figures. Approx. 265 pages. (Proceedings in Life Sciences) 
Cloth DM 98,- approx. US $ 38.50. ISBN 3-540-13318-6 


T. L. Simpson 


The Cell Biology of Sponges 


B Approx. 220 figures. Approx. 585 pages 
Cloth DM 258.-: approx. US S 101.20. ISBN. 3-540-G0893.-5 


Well illustrated, fully documented and indexed, this book. 
presents a fascinating survey and comprehensive, critical — 
review of what we know about the cell structure, ultrastruc- 
ture, cellular activities, physiology, and developmental pro- E 
cesses in the phylum Porifera. l 


Hormonally Defined N Tedia 
A Tool in Cell Biology 


Lectures and Posters Presented at the 

First European Conference on Serum-Free Cell Culture, 
Heidelberg, October 7-9, 1982 

Editors: | i PA K J. Wieser 


C Cloth DM a oh Approx: U S $ 70 60. ISBN } 540. 12668. b 


J. Reinert, M. M. Yeoman 


Plant Cell | 
and Tissue Culture 


A Laboratory Manual 


Layout and Hlustrations by P. Macdonald 
es 37 figures V, 83 pages 
Cloth DM 49.50: approx. US $ 19.40. ISBN 3-540-11316-9 


. this well-illustrated practical manual is a very significant 
es to the teaching of plant cell and tissue culture ` 
to undergraduates, and will also be useful to molecular biol- 
ogists beginning work on plant. cultures... | | 
The New Ph naek 


i Springer-Verlag ba 
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Editor: W. J. Whelan University of Miami 


-July 1984 will see the launch of this important new monthly journal, presenting 
_ the results of major discoveries at the very frontiers of molecular, cellular and 
developmental biology. 


o ‘Published under the auspices of the International Council of Scientific Unions 
BioEssays meets the growing demand for a current-awareness journal devoted 
to reviews, comment and the rapid interchange of biological ideas. 


. The first issue will include: 

Reviews — 

Cell lineage labels in the early amphibian embryo J. M. W. SLACK: 
Recombinant DNA techniques in diagnostic and preventive medicine 

-S HODGKINSON and P, SCAMBLER; Uteroferrin: a protein in search of a 
function R. M. ROBERTS and F. W. BAZER; Plasma membrane microfilament 
interactions in animal celis K L. and C. A C. CARRAWAY. 








. Features 
A new genesis for genetics and medicine P. LEDER; The OTA Report on 
biotechnology: A U.K perspective G. H. FAIRTLOUGH: The Road to Asilomar: 
Reminiscences of the Recombinant DNA Story, Part One DeWITT STETTEN, Jr: 
Software for molecular biologists. Part | M. J. BISHOP 
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Edited by R. Daudel, Y. Moule, F. Zajdela 


Edited by H. Wajcman, J. Elion 


Colloque Inserm-institut Pasteur 
Edited by M. Hofnung 


Edited by S. Levy-Toledano 
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Mecanisme de la formation des cellules malignes 
Mechanism of the formation of malignant cells 


Inserm 1984, Vol. 117, 320 pages, 139.10 F TTC 


inserm 1984, Vol. 115, 228 pages, 90.95 F TTC 


TE ae Inserm 1984, Vol. 116, 148 pages, 85.60 F TTC | 
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s change. 
r takes a sociological approach. 
10st fruitful in the treatment of the 
ingly large number of fluid theorists 
1e has uncovered, for they were for the 
: “part attempting to use theories of 
light i in Biblical interpretation and were not 
< engaged in science, by making predictions, 
¿doing experiments or explicating optical 
phenomena. By Cantor’s own account, 
they were marginal to the British scientific 
community at the beginning of his period 
: “pf study and irrelevant by its end. 
When Cantor turns to more serious 
scientific theories, such as the Newtonian 
. ry, his sociological concepts 
e For instance, 















































rrelation, this sort of claim could 
: dily be tested by a comparison with the 
tation on the Continent during that 
‘period. Indeed, Cantor’s self-imposed 
restriction to Britain and Ireland is a 
< serious flaw, for a strong case can be made 
lat the British Isles were a scientific back- 
-water for most of the period from 1704 to 
1840, so that what he has given us is 
actually an account of a relatively stagnant 
_ scientific community, rather than a pro- 
= gressive one. Thus, at the beginning of the 
‘nineteenth century, when he declares the 
ission theory to have been in decay in 
, it was flourishing in France in the 
Laplace, Biot and Malus. 
xplanation for the initial neglect of 
g's contributions — the most 
ortant and original British work in this 








y partly persuaded by his solution. 
aly 


"5 Gnotainal wave theory. Cantor 
sstimates the quality of Young’s 
«work and depends too much on denigrating 
both him — Euler’s ‘English disciple of 
‘moderate competence’? — and his work, 
which he does not fully and clearly explain. 
He also introduces an artificial distinction 
that too sharply differentiates Young’s and 
call earlier ‘‘vibration’’ theories from 
_Fresnel’s mathematical ‘‘wave’’ theory, 
: whereas I believe there is a genuine con- 
tinuity from Huygens through Euler and 
; Youns to F resnel. 





that the pup of interference | 





| Firsts for d 


feminism 
Morris Kline 


A Convergence of Lives: Sofia 
Kovalevskaia, Scientist, Writer, 
Revolutionary. 

By Ann Hibner Koblitz. 
Birkhäuser: 1984. Pp.305. $19.95. 


Wuy should anyone be interested in a 
biography of someone whose name, much 
less her work, is known to very few people 
and who died nearly one hundred years 


| ago? The chief reason for this fine bio- 


graphy is that Sofia Kovalevskaia was a 
first-class mathematician, who achieved a 
place for herself in a period when women 
were hardly recognized outside the home. 

In her time, Kovalevskaia achieved high 
professional status; she was the first 
woman to be awarded a doctorate in 
mathematics, the first (outside Italy) to 
become a professor of mathematics, and 
the first to serve as editor of a major 
mathematical journal. She also made im- 
pressive contributions to literature, and 


- engaged in social and political efforts in the 


cause of women’s rights. All of these 
activities were carried on during a life span 
of only 41 years (1850-1891) and despite 
the inevitable opposition from male pro- 
fessors in mathematics and other fields. 
Kovalevskaia had become attracted to 
mathematics even as a child, when she was 
instructed by tutors. To counter the oppo- 
sition to women as students in the higher 
Russian academic institutions, she 
managed by a rather frequently used 
subterfuge, called fictitious marriage — 
legal but not sexual — to get out of the 
country in order to study mathematics. 
Most of the book is devoted to her develop- 
ment, to the lives of her immediate family 
and friends, and to her troublesome 
relations with her husband, who was a 
geologist. Later, she and her ‘‘fictitious’’ 
) id did become sexually involved; the 
e produced a daughter. 
Kovalevskaia’s pursuit of mathematics 
was her main drive in life. After leaving 
Russia, she became a student at the 
University of Heidelberg where she spent 
several years. There she learned of the work 
of Karl Theodore V Weierstrass (1815-1 oe) 









came to know the leading mathematicians — 












one of the leading mathematicia 
Europe and a professor at the Universi 
Berlin. Though she was denied admis 
to the university, Weierstrass was g 
impressed with her ability and took he 
as a private student. With his backing sh 
received a doctorate in mathematics. =- 

Fortunately, Gösta Mittag-Leffler; a 
libera! Swedish mathematician, then 
sponsored her for a professorship at the 
University of Stockholm, a post she took 
on leaving Berlin and held for many years. 
During these years, and even earlier, she - 






















































of Europe; it was through recognitionin this _ 
way, and despite considerable opposition 
from the establishment, that she was — 
elected to the Russian Imperial Academy. 
of Sciences. | 
To those who are primarily concerned- 
with the history of mathematics as such, 
this book will be a little disappointing 
There is little mention of Kovalevskai 
actual work, beyond a list of her put 
cations. But it is clear that whereas sot 
mathematicians make brilliant creations 
youths, Kovalevskaia developed slow 
her case the educational: difficulties 
faced were at least partly responsible, and 
had she lived longer she would have surely. 
produced much more. Equally interesting 
to historians of the intellectual connections 
in the nineteenth century are many of the: 
remarks and details concerning the mathe- 
maticians with whom Kovalevskaia kept. 
contact. In particular, her relationship: 
with Weierstrass, who practically adopted 
her as a daughter, reveals much of tha 
man’s noble character. | 
Ann Hibner Koblitz quite clearly has 
done a great deal of research in Russia ani 
Stockholm to write this lucid biograph: 
The bibliography is immense and will be of | 
great value to other scholars. Her book -. 
should also be of interest to a broad — 
audience, as an example of what a woman — 
could accomplish in nineteenth-century 
anti-feminist Russia and for the insight into - 
the political and social climate of that- 
period. My only quibble is the word 
‘revolutionary’ in the title. Kovalevskaia. 
was indeed what we nowadays know asa © 
feminist. But she was nota militant. = O- 


Morris Kline is Professor Emeritus at the o 
Courant Institute of Mathematical Sciences, : — 


New York University. He is author of 


Mathematical Thought from Ancient to 2 
Modern Times ih apes Press, d cach 















: ‘spectroscopy 


: K. A. McLauchlan 


< Interpretation of NMR Spectra: An 

< Introductory Audiovisual Programme. 
By J.D. Coyle, E.J. Haws, K. Miller and 
< K. Norton. 

Wiley: 1984. £199. 
























WILEY’s new audiovisual programme 
comes in a striking package, a large boxed 
» folder which contains four tape cassettes 
“and four boxes (in which are a total of 164 
coloured slides), and also 20 booklets. 
_ Each tape deals with a particular subject — 
the chemical shifts of protons, the spin- 
spin coupling of protons, use of proton 
spectra for structural assignment and all 
three of these topics applied to °C spectra 
— and is complemented by the slides. Run 
_ freely each tape lasts for about 40 minutes, 
-although the package is designed to be 
interactive with the student so that he may 
stop and start the tape at will so as to suit his 
wn pace of learning. This is best accom- 
ished with a dedicated slide-tape 
machine, but an ordinary tape recorder and 
a slide projector can be used if necessary. 
_ Two types of booklet are supplied, ten of 
each, together with a correlation chart of 
_ proton chemical shifts and a listing of 
© proton coupling constants. The latter is in- 
adequate, even at this level, as is the corre- 
lation chart for ©C shifts which is found 
- inconveniently on a slide. One booklet is a 
‘very simplistic introduction to NMR 
spectroscopy. The other is a workbook 
which has well-defined learning objectives, 
-and in which the student is encouraged to 
write his replies to answers posed on the 
-tapes and the slides. Answers are supplied 
`- on the succeeding slides. 
The course has been put together with a 
great deal of care; the presentation on the 
tapes is clear and slides are beautifully 
-~ presented. The coordination of the 
< material between booklet, slide and tape is 
= excellent, too — in theory; my programme 
-© did not run properly but that could a quirk 
-< of the review package. The tape cues in the 
operation of the slide~tape machine and 
= the mechanism changes the slide one is 
ae looking at to correspond to what is being 
< said, while the tape stops at pre-ordained 
places to allow the student to think before 



















































uon! to the Bre which might well | A 


build confidence in the student, but if one 
is going further the background needed 
would have to be more thorough — Fourier 
transformation, double resonance, 2D 
spectroscopy and the various pulse 
sequences all lie beyond the scope of the 
Wiley course, 

It is initially attractive to think of 
replacing myself in all those tutorials each 
week with a magic box, but what are its dis- 
advantages? The publisher extols the virtue 
of being able to hear the commentary and 
see the slides at the same time, rather than 
have your eye skip rapidly from text to 
diagrams as in a book — fine, provided 
everyone has a slide~tape machine in his 
own room! More importantly, this form of 
teaching seems to be based upon the 
precept that a student learns in the class- 
room, but one of the aims of education 








this virtue e i by sitting befor 
machine which cannot answer quest 
and which has been programme 
someone else’s narrow concent 
should be taught? ; 
Nuclear magnetic resonance | is; at best, a 
subtle, exciting but challenging | ‘subjec 
which repays real effort in learning. I 
afraid that there is no substitute for a live oe 
tutor willing and able to discuss its depths 
and its applications, to maintain this. 
interest and sense of involvement with 
developing science on many frontiers. For 
myself, the Wiley package offers no respite 
from tutorials, but teachers of the subject — 
at technical colleges may well find it a < 
helpful adjunct to their lectures. ash 










K.A. McLauchlan is a Lecturer in the Physical s 
Chemistry Laboratory, University of Oxford. 





Tigers and calotypes 


Brian Coe 


Beyond Vision. By Jon Darius. 
Oxford University Press: 1984. Pp.224. 
£15, 


IN RECENT years there has been something 
of a glut of books of historic photographs. 
As a rule, either the photographs have been 
chosen to illustrate the history and 
development of the photographic process, 
or, based upon the dubious proposition 
that photography is Art, pictures have been 
selected for their supposed aesthetic 
merits. Very few photographs have been 
presented for their scientific importance — 
yet, as Dr Darius makes clear in his intro- 
ductory essay, from its inception photo- 
graphy has been employed to great purpose 
by scientists. The collection of 100 historic 
scientific photographs, well reproduced in 
Beyond Vision, is therefore all the more 
welcome. 

Dr Darius has applied very rigid criteria 
in selecting the photographs, the most im- 
portant being that each should be unique 
and should show only what cannot be seen 
by the unaided human eye. Since the book 
is presumably intended for a lay reader- 
ship, it might be argued that slightly less 
rigid demarcations might have provided 
greater variety; well over 60 per cent of the 
illustrations are of astronomical subjects or 
specialized aspects of physics. In any case, 
some of the subjects shown appear to fall 
outside the limits set. The record of the 
Tasmanian tiger, now extinct, is still no 


more than a fascinating document of asub- | 
ject visible to the unaided eye. And the - 
rather pretty colour photograph of the | be followed bya 
=a H-bomb test at Eniwetok i is no more thana | more of the 







The inclusion of the contentious S 
‘“‘instantaneous’’ photograph of a mi 
shell in flight is also a little odd. The pict 
has clearly been retouched, and even if i 
authentic its purpose was not scientific t 
promotional. There are questionable on ) 
sions, too. For instance, no example of | 
forensic use of ultra-violet and infra- 
photography i is included, and there is not 
single scanning electron micrograph of an 
sort, despite the exceedingly wide range of 
applications i in science and industry. To be 
fair, in reducing the entire output of 140 
years of scientific photography to 100 ex- 
amples, the author could not expect to 
please everyone. 

The introductory essay is lucid and in- 
formative but is marred by several errors. 
The skeleton outline of photographic p 
cesses is misleading; it makes no mentio 
the key fact that the calotype process ma 
paper negatives which could be printed. T 
use the description ‘‘coated wi 
emulsion” to cover such diverse processes. 
as the Daguerreotype (a silver surface sen- 
sitized by iodine vapour), the calotype 
(paper impregnated with silver salts), the 
collodion process (a glass plate coated with: 
halide-containing collodion and sensitized 
in silver nitrate) and the dryplate process{a 
suspension of silver salts in melted gelatin — 
coated onto glass or paper) is carrying — 
simplification too far. Talbot’s early 
photomicrographs, c. 1837, were not calo- 
types, but were made by his earlier ‘ ‘photo- ie 
genic drawing’’ process. OB 

Seen against Dr Darius’s achievement in 
bringing these photographs together, these. 
are minor criticisms. Overall, the book i 
most valuable contribution to the literatur 
on the history of photography. We mus 
hope that: it will be sufficiently successfi 
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Here’s another smooth operator 

from Luckhams. 

The R100 Rotatest Shaker. The horizontal 

orbital action provides smooth blending and 

mixing for a variety of applications — flask mixing; 
keto-steroid extractions; VDRL tests; serological — 
tests; yeast and bacterial culture aeration; cell 
culture; microscope slide washing and biological 
Stain agitation. 

Get a move on. | 

Call LUCKHAMS today for full details. 


FOR LARGE SCALE PRODUCTION OF ANIMAL CELLS 
A new line of fermenters specifically designed for the parti- 
cular problems involved in animai cell culture, using suspen- 
ded culture or microcarrier techniques. 
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PRODUCT REVIEW 


New for tissue culture 


ale eleven items here cover recently announced products of use in the tissue culture laboratory 


@ A new range of culture dishes is now 
available from International Bio- 
Technologies (IBT) Ltd. The dishes are 
coated with a naturally produced extra- 
cellular matrix (ECM), a basement mem- 
brane-like substratum which promotes cell 
attachment, proliferation and differen- 
tiation. The ECM is secreted by endothelial 
cells cultured on conventional tissue culture 
plastic. The cells are then removed, leaving 
the underlying ECM intact and firmly 
attached to the surface of the dish. The 
composition and supramolecular arrange- 
ment of the ECM is similar to basement 
membranes occurring in vivo. Cells placed 
in contact with ECM attach rapidly, 
exhibit high plating and cloning 
efficiences, proliferate rapidly, reach a 

h saturation density and have much 

ver requirements for serum and added 
growth factors than cells in conventional 
dishes. They also respond better to physio- 
logically occurring hormones and express 
differentiated functions. These effects 
cannot be obtained by cell plating on iso- 
lated fibronectin, laminin or each of 
the collagen types and on reconstituted 
matrices. Among the cell types showing a 
favourable response to ECM are normal and 
carcinomatous human epithelial cells 
derived from surgical biopsies, human 
amniotic fluid cells, bovine granulosa, 
adrenal cortex and endothelial cells, rat 
pituitary, oligodendrocytes and dorsal root 
ganglia cells. The coating is available on 
any size of tissue culure dish, T-flasks, 
multiwell plates and coverslips. 


»yGircle No. 100 on Reader Service Card. 


@ The culture of hybridomas and diploid 
human cells has become increasingly 
important and this has led LSL Biolafitte 
of Princeton, New Jersey, to design a range 
of vessels specifically suited to this 
purpose. LSL Biolafitte offers eight vessels 
with working volumes from one litre to 330 
litres. Each vessel has optimized geometry 
with a working height to diameter ratio of 
1:1 and hemispherically shaped base. An 
effective low speed, low shear agitation 
system is incorporated into each vessel to 
gently agitate the cells. Harvesting is 
achieved by a conveniently located valve 
which has two positions allowing total 
drainage or liquid removal only. Other 
system design features are included, or are 
available as optional accessories, to ensure 
strict containment in processes where this is 
an important factor. 


‘Circle No. 101 on Reader Service Card. 





These notes are based on information 


provided by the manufacturers. For further 


details circle the appropriate numbers on the 
Reader Service Card bound inside the 
journal. 





IBT’s extracellular matrix preparation. 


@ The Sterilin range of tissue culture 
plastics includes dishes, tubes, flasks, 
plates and bulk vessels designed to ensure 
efficient attachment and growth of cell 
monolayers. All equipment is manufac- 
tured from non-toxic polystyrene, provid- 
ing a high standard of finish and good 
optical properties for microscopy. Every 
batch is tested for sterility and the ability to 
support cell growth. Petri dishes are avail- 
able in a wide range of sizes and types — the 
50mm and 60mm dishes can be supplied 
with single or triple vents and a multi-well 
dish is also available. Sterilin test tubes 
come in two sizes: the 13ml tube is fitted 
with a leak-proof screw cap, and the Sml 
tube has a two-position cap for gas 
exchange. For research and clinical studies 
involving human and animal cells, two 
sizes of tissue culture flask are available. 
Graduated in mls, the wide necks (canted in 
the 25cm? size) allow easy pipette access 
and non-toxic leakproof screw caps are 
fitted for safety. A stacking rim is provided 
for extra stability. All flasks are individu- 
ally pressure-tested to eliminate the 
possibility of leakage through the welded 
seams. 

Circle No. 102 on Reader Service Card. 
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Adult rat oligodendrocytes maintained on conventional plastic (left) and on plastic coated with 


@ Sera-Lab fetal calf sera are now 
available in graded batches to select those 
which will support the rat and mouse 
myelomas used to make cell hybrids. Each 
batch of serum is routinely tested for the 
ability to support the growth of 11 cell 
lines, so at no extra cost the customer can 
request a serum to suit a particular need, 
Circle No. 103 on Reader Service Card. 

@ A kit for preparing serum-free media 
has been announced by Gibco. The Select- 
a-Factor kit contains | ml sample sizes of 
the more commonly-required factors and 
technical information on how to grow cells 
in a serum-free environment. The technical 
information describes four experiments 
that explain the preparation of serum-free 
media. The kit includes 1 litre of powdered 
medium (Dulbecco’s minimum essential 
medium: nutrient mixture F-12 with 
15-mM HEPES), trypsin inhibitor and 14 
ready-to-use factors (EGF, FGF, fibronec- 
tin, poly-p-lysine, vitamins C and E, 
insulin, transferrin, hydrocortisone, pro- 
gesterone, selenium, putrescine, trace ele- 
ment mix, and T,). The factors are also 
available individually for the preparation 
of subsequent media. 
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One of the LSL Biolafitte culture vessels (left) and the Sterilin range of tissue culture plastics. 








Disposable filter capsules from Gelman. 


@ The range of accessories available for 
the Nikon-Diaphot inverted tissue culture 
microscope now includes systems for time- 
lapse cine photomicrography or closed 
circuit television that can be fitted without 
disturbing the camera mounted on the 
front. Motor driven computerized 
stepping stages can be fitted to the Diaphot 
for image analysis work, and for environ- 
mental control, the Nikon constant tem- 
perature incubator can provide warm air 
at 37°C. An override allows variation in 
temperature of plus or minus 4°C. 
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ADVERTISEMENT 





Liposomes 


A new laboratory instrument 
(LIPOPREP®-GD-1) is available for the 
reproducible preparation of extremely 
homogeneous, unilamellar liposomes of 
controllable size. The instrument permits the 
simultaneous use of five different lipid 
mixtures and provides extensive versatility 
range from membrane 


Applications 
reconstitution, remodelling of cellular 
functions, liposome drug delivery systems, 
microanalysis of drugs and metabolites, to 


antibody targeting, clinical diagnostic 
assays, and genetic engineering. 

For details write to: 

DIANORM.-Gerate, P.O. Box 126, D-8 


München 65, FRG. 
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PRODUCT REVIEW 


@ Gelibead, a gelatin microcarrier 
developed by KC Biological, solves two of 
the major problems associated with micro- 
carrier culture. First, enzymatic removal of 
viable cells from the microcarrier is 
possible and second, eluted cells can be 
readily removed from the spent micro- 
carriers. Gelibead microcarriers permit 
highly efficient cell harvesting because they 
completely dissolve in a mixture of trypsin, 
dispase and EDTA. Exposing Gelibeads 
for about 20 minutes to this mixture results 
in complete dissolution of themicrocarriers 
with very high cell recoveries. Gelibeads 
can be attached to a wide range of cell 
types, provides high density culture (about 
3,800 cm? per gram dry weight) and gives 
high cell yields. 

Circle No. 106 on Reader Service Card. 

è Inthenew Luckham RMV tissue culture 
roller apparatus the rollers rotate at a set 
speed with the minimum of variation, 
resulting in steady even culture growth. All 
rollers are driven, they are covered in 
rubber and support the bottle along its 
whole length. The unit is available in two 
speed ranges, 2-10.5 revolutions per hour 
or 40-180 per hour (other speed ranges are 
available to special order). There is an 
analogue speed meter so that experimental 
conditions can be precisely reproduced. 
Luckham has also just introduced the TC 
1000, a drum roller designed for the 
rotation of 16-mm diameter tubes. The 
unit has a variable speed between 0.5 and 
60 r.p.m. Speed is electronically control- 
led, and read out via an analogue meter. 
Luckham manufactures a range of racks 
designed for tissue culture work, with a 
variable angle between 0 and 5 degrees. 
Circle No. 107 on Reader Service Card. 

@ Gelman’s new ‘‘Culture Capsule’’ and 
“Maxi Culture Capsule” are disposable, 
ready-to-use capsule filtration devices for 
sterilizing large volumes of tissue culture 
media. These presterilized capsules incor- 
porate two layers of 0.2 um low-protein- 
binding HT Tuffryn membrane, and are 
designed and certified to assure their inte- 
grity for tissue culture media sterilization. 
Designed for use with positive pressure fil- 
tration, the Culture Capsule and Maxi 
Culture Capsule are suitable for in-line 
applications using a pressure vessel or 
peristaltic pump. For sterilization of 
culture media containing serum, either 
capsule may be used as the final sterilizing 
unit in conjunction with prefilters. Dis- 
posable filters minimize set-up time and 
risk of cross-contamination. The Culture 
Capsule (product no. 12140) provides 500 
cm? typical filter area, suitable for 
sterilization of up to 10 litres of solution. 
The Maxi Culture Capsule (no. 12141) 
offers 1,290 cm? typical filter area, and is 
ideal for larger volume applications of up 
to 20 litres. Both capsules are available 
from the following laboratory supply 
dealers: American Scientific Products, 
Fisher Scientific, VWR Scientific and 
Curtin Matheson Scientific. 
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The Gelibead microcarrier without cells (top) 
and with attached MDCK cells. 
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Luckham’s new tissue culture roller. 


@ A new product from Hana Biologics is 
intended to reduce the requirement for 
serum in mammalian cell culture. 


SerXtend is a combination of growth. 


factors which when added to fetal bovine | 
or other sera will allow for a 50% or greater 
reduction in the concentration of serum 
used in cell culture. It is a non-serum based 
product, formulated and certified by 
biological activity to allow for lot-to-lot 
consistency. 

Circle No. 109 on Reader Service Card. 

@ The new Microtec Swift tissue culture 
microscope is an inverted microscope 
which can be fitted with bright field or 
phase contrast objectives designed to work 
through the chambers used in tissue 
culture. [Illumination is provided by a 20 
watt halogen source and, with the standard 
condenser, chambers up to45mm thick can 
be used. An extra long working distance 
condenser system, with a working distance 
of 60mm, is available for use with thicker 
chambers. A camera port is a standard 
feature enabling a 35mm camera to be 


plugged into the side of the microscope. $- 


The coaxial coarse and fine focusing 
mechanism operates entirely on the 
objectives, so that viewing head, camera 
and specimen Stage are in a fixed position. 
Circle No. 110 on Reader Service Card. 


1en you work or study in a field which is changing as 
ast as spectroscopy and chromatography it’s not easy to 
p up-to-date with all the new developments. New 
iments are constantly appearing on the market and __ 
echniques are being evolved in one of the fastest 
growth areas of modern science. 


nese dictionaries of chromatography and spectroscopy, 
y highly acclaimed in their previous edition, will 


roaden your knowledge of new products and 
instruments 


:¿* obtain rapid explanations of new terms and 
echniques 


* relate your own speciality to other areas 


<* check symbols and equations quickly and 
efficiently 


Dictionary of Spectroscopy covers such areas as 
tomic spectroscopy, emission spectroscopy, electron 
pin resonance, infrared and ultraviolet spectroscopy, 

_ nuclear magnetic resonance, photoelectron 
_ spectroscopy, photo luminescence, mass spectroscopy 
„and Raman spectroscopy. 


-A Dictionary of Chromatography covers gas 

chromatography, gas liquid and gas solid 
romatography, liquid chromatography, paper 
aed and tin yo A 


a Access/ Mastercharge. 
2 E} American Express 


2ND _ 
EDITIONS 


U.S. and Canada: John Wiley, 605 Third Avenue, New York, 
NY 10158 


U.K. and Rest of World: Macmillan Press Reference Books 
Division, 4 Little Essex Street, London WC2R 3LF 


Please send me 


L] copies of A Dictionary of Spectroscopy (U.S. ISBN. 
0 471 874 787; U.K. ISBN 0 333 31670 3 at $39.93/£15. 00.. 
each, 


E copies of A Dictionary of Chromatography (U.S; 
ISBN 0 471 874779; U.K. ISBN 0 333 31667 3) at 
$39.93 /£15.00 each, 


U.S: plus applicable sales tax and postage and handling. 
UK. and Rest of World: plus p & p charge of £1.50 (UK! £2.50 joverseas) ex 
each book ordered. 


Name 


Address 


Zip Code/Postcode 

LJ I endosea cheque for ___.___/ 

i prefer to use my credit card account: 

Account No. Expiry L Date.. 
m) Visa Barclaycard 
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the prevailing exchange rate. Cheques 
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include postage and packing. 
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Animals in s 

scientific research: | 

An effective substitute 
for man? 


Edited by Professor Paul Turner, 
Head of the Dept. of Clinical Pharmacology, 
St. Bartholomew's Hospital. 
Based on a conference held by the Humane Research 
Trust in April 1982. 
April 1983: £35: 228pp: ISBN 0 333 33628 3 


Contents 
Preface: A more scientific approach to the safety evaluation , 
of chemicals — Dennis V. Parke; The use of short term tes 
to detect the carcinogenic and mutagenic potential of 
environmental chemicals — James M. Parry; The design and 
use of in vitro toxicity tests — James W. Bridges, Diane J. 
Benford and Susan A. Hubbard: A review of the value of 
isolated hepatocyte systems in xenobiotic metabolism and 
toxicity studies — Jeffrey R. Fry; Legislating against cruelty — 
R.S. Vine: \solated human cellular models in clinical pharma- 
cological studies — Paul Turner; The role of mathematical 
models in biomedical research — Ewart R. Carson; Uses and 
limitations of tissue culture in drug testing —- Mary Dawson; 
In vitro systems in the study of ostearthritis — Helen Muir and 
J.D Sandy; Biocrystallography — J.E. Malcolm; Comparative 
medicine — R.N. T-W-Fiennes; Testing for delayed effects on 
development and differentiations: Some open questions — 
R.M. Clayton, A. Zehir and K. Sedowfia; Monitoring human 
and animal intra-uterine development with non-invasive 
methods and perfecting in-vitro placental perfusion 
techniques for toxicologic and teratologic experiments — 
Maurice Panigel. 


Please send orders and requests for further information to: 
Felicity Parker, Product Manager, 4i 
Scientific and Medical Division, The Macmillan Press Ltd., ~~ 
Houndmills, Basingstoke, Hampshire RG21 2XS, UK 
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UNIVERSITY OF 
: EDINBURGH 
EDINBURGH SCHOOL OF 
AGRICULTURE 
CHAIR OF CROP 
- PRODUCTION 
University Court invites appli- 
ns for the Chair of Crop Pro- 
on left vacant since the appoint- 
ent of Professor Milbourn to the 
ae of the NIAB, 


South | 


“Edinburgh, EHS OYL, with 
welve copies of the appli- 


: June 1984. Overseas applicants 
supply only one copy of appli- 


nt 


ater! s 
$ eres 
ro R ZA ue 
ce ~ Z ; 
A 


À ier Broderick (312) 498 4520 e BOSTON CEL Assoc (617) 848 9306 
ANADIAN OFFICE TORONTO Peter Drake 17 Pine Crescent, Toronto, Ontario M4E 1L1 (416) 690 2423 
; ‘LONDON OFFICE Keith Walesby 4 Little Essex Street, WC2R 3LF Telephone 01-240 1101 (Telex 262024) . 
_ RATES USA and Canada — $75.00 per inch. $10 U.S. is charged for the re-direction of replies to advertisements with a box nu 


ONDITIONS. The Publisher reserves the right to refuse, amend, withdraw or otherwise deal with all advertisements submitted to hin 
‘absolute discretion and without explanation. The Publishers will not be liable for any loss occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they accept liability for printers’ errors, although every care is taken to avoid mistakes. 


CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF SURGERY 
TECHNICIAN GRADE 7 


to organise the provision of a 
technical service in research 
laboratories which undertake a wide 
variety of biochemical, histological 
and immunological work. Other 
duties include assistance with 
organising examinations and respon- 
sibility for budgeting research grants. 


Candidates must possess HNC or 
appropriate equivalent as minimum 
qualification plus ten years relevant 
experience including staff supervi- 
sion. 

Salary within range £8,385-£9,418 
per annum {under review). 

Applications forms may be ob- 
tained from The Registrar, The 
University, PO Box 147, Liverpool, 
L69 3BX. Quote ref RV/SI9N. 

(2075)A 


UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF ANATOMY AND 
EMBRYOLOGY 


LECTURESHIP 


Applications invited for a 
LECTURESHIP. No particular field 
is sought, but applicants are expected 
to have a strong commitment to 
original research. The Department 
has broad interests and excellent 
facilities. The position offered is in 
lieu of a Wellcome Trust Senior 
Lectureship, so ‘the tenure of the 
award (post) is for no less than an 
initial five years, followed by 
possibly a further one or more 
periods each of three years” 


Applications, together with full cv 
(including publications list) and the 
names of three referees, should be 
sent to: Assistant Secretary 
(Personnel), University College 
London, Gower Street, London 
WCIE6BT. 


ssociate 
Greenford, Middx. 


Glaxo Laboratories Limited is a leading British pharmaceutical company responsible fo 
the promotion of products of original research developed and manufactured in the UK 
We are now seeking to recruit an experienced Clinical Research Associate to join th 
Company’s Medical Services Department. | 


work for 18 months i 
instance on the electro 

of conducting polymers a 
semiconductors. The: 

wide range of physi al 
ments, including optic 
port properties, and wi 
preparation, character 
chemical or electrochemi 
of these materials. 
Salary in the range £6,745 
pa. = 
Applications to Mr JOD 
Secretary of the Departn 
Physics, Cavendish Labo 
Madingley Road, Cambri 


OHE, Noong ref RF. Closing « 
{207 


You will be required to arrange Clinical Trials and bring them to a satisfactory conclusion =- 
by ensuring that data is collected and handied efficiently once received. You will be ~~ 
involved in the preparation of protocols and the administration connected with the 
study and you will be expected to meet Clinical Trialists on a regular and frequent basis. 


In addition toa degree in pharmacy or a suitable science, you should have experience in | oe 
the field of gastroenterology, possess a dynamic and friendly personality and be able to =< 
communicate effectively, both verbally and in writing. 


The attractive conditions of employment include non-contributory pension scheme gi 
four weeks’ and two days’ holiday, a subsidised cafeteria, a Group Bonus Scheme a 
excellent sports and social facilities. 


Please telephone for an application form to: Mr. M. E. Bates, Senior Personnel Office 
Glaxo Laboratories Ltd., Horsenden House, Oldfield Lane North, Greenford, Middx 
01-422 3434, ext. 2837 quoting ref. MEB/736. 








-<A challenging career opportunity in 
- genetic engineering. 
iC) Australia Operations Pty. Ltd. 
Central Research Laboratories in 
Melbourne, are equipped witha 
comprehensive range of biological and 
` chemical research facilities. The 
jaboratories have a staff of 160, 
including more than 100 graduates. The 
Company has been a leader in research 
and development in Australia for over 
20 years and has strong contacts with 
ther research institutions throughout 
\ustralia, including those involved in 
iotechnology. 
We are seeking two Molecular 

iologists to participate in the | 
establishment of a strong new team in 
‘the field of genetic engineering. The 
immediate aim of the team is the 
expression of eukaryote genes in 
bacteria and there will be a long-term 
< commitment to the genetic 
~ manipulation of micro-organisms to 
= meeta range of company targets. 

. Consideration will be given to 
applicants either completing a Ph.D. in 
recombinant DNA work or with post- 
joctoral experience in a laboratory of 
‘international standing in the same field. 
_ The salary offered initially will depend 
on qualifications and experience and is 
-subject to annual review. Benefits 
_include contributory superannuation 

scheme and supplementary non- 

contributory medical benefits scheme. 





2 ICI is an equal opportunity employer. 


Personal details and a full account of 
research experience, techniques and 
publications with the names of two or 
more referees, should be.sent to: 

_ Personnel Manager, 





Division of Entomology, Canberra ACT 
Field: Application of Molecular Biology in Entomology. pee 
General: CSIRO conducts scientific and technological research.in' $ 
laboratories located m ugna Australia and employs about 7,500 
staff, of whom some 2,900 are professional scientists. The 
Organization’s research activities are grouped into five Institutes: 
Animal and Food Sciences, Biological Resources, Energy and Earth 
Resources, Industrial Technology and Physical Sciences. The CSIRO 


Division of Entomology is a member of the Institute of Biological 
Resources, å 


The Division of Entomology conducts research on entomological k 
problems of both basic and applied importance. It recently initiateda P- 
molecular program aimed at investigating how genetic information is P- 
stored in the insect genome and used during development. Such 
knowledge should assist in the identification of novel methods of 
pest control. The Division has a well equipped molecular biology __ 
laboratory and maintains active research programs in insect ~~ 
biochemistry, physiology, behaviour and genetics. The Australia 
sheep blowfly Lucilia cuprina and Drosophila melanogaster are majo 
experimental organisms used in these programs. ie 
Duties: The successful applicant will combine a knowledge of 
genetics and molecular biology to elucidate the molecular = 
mechanisms determined by genes responsible for insect 
development and pattern formation. An interaction is envisage 
other staff currently using recombinant DNA techniques and i 
transformation to study chromosome structure and gene functio 
Qualifications: Applicants should have a Ph.D. or equivalent 
relevant field, preferably with research experience in insect ~ 
biochemistry, physiology and genetics, and must be competer 
analyses of DNA and RNA, molecular cloning and nucleic acid- 
sequencing. xe 
Tenure: Indefinite. Australian Government superannuation benefits 
available. | 
Applications: Stating full personal and professional details, the 
names of at least two referees, and quoting reference no A0605 
should be forwarded to: 

The Chief 

CSIRO Division of Entomology 

CANBERRA CITY ACT 2601 , 
AUSTRALIA pin de 
by June 22, 1984. (W998) A 



























































CHEMISTRY | 


Applications are invited, from candidates of either sex, for. 
appointment to a Chair in Organic Chemistry in the 
Department of Chemistry. | i a 
The person appointed will be ready to sustain and develop the cooo 
distinctive industrial interests of the Department. His/her oo ooo. 
research activities may be in any branch of Organic Chemistry, | 
but preference will be given to candidates with an interestin =0o0. 
synthetic organic chemistry in its widest context. A good — 0 
record of, and potential for, attracting industrial support for the 
research will be a distinct advantage. 
Salary will be in the Professorial range, minimum currently 
£17,275 p.a., but under review. | 
Informal enquiries may be made of Professor ] O Williams 
(Chemistry Department) or of The Registrar. . 
Requests for application forms and further particulars, quoting- 
reference CH/70/Al, should be addressed to The Registrar 
Room B9 UMIST, PO Box 88, Manchester M60 1QD. Cor 
applications should be returned as soon as possib 













KENT 


“The Wellcome Foundation Limited is a major group of pharmaceutical 
and chemical companies with headquarters in the UK and a turnover 
close to £700m. 


This is a key senior appointment reporting to the Director of 
Therapeutic Research Division. The department is active on a wide 
variety of forward-looking research projects and comprises some 60 
personnel — including scientists, technicians and _ clerical/secretarial 
staff. 

The prime responsibility of the position will be to direct, manage and 
co-ordinate the department's activities and resources to meet the 
overall research objectives within defined cost, quality and time 
arameters. There is also a requirement to co-ordinate “the 
evelopment of the science” and ensure that a consistency of high 
uality of scientific and technical performance is sustained. 


andidates must be able to demonstrate a substantial scientific and 
managerial track record in a relevant field and have the maturity to 
promote and develop scientific excellence through personal leader- 
ship and motivation. As a senior scientist, the successful candidate 
must also be capable of contributing to the general debate on 
scientific research methodology objectives and maintaining a 
contemporary scientific perspective in this important area of research. 


The salary and benefits package will reflect the importance of the 
position and includes a company car and generous assistance with 
relocation exp enses. T e 





- Inveres 
Research 
International 


~ MAJOR OPPORTUNITIES IN 
BIOTECHNOLOGY 


Location — Scotland 


Inveresk Research International Limited has substantial 
development i in Biotechnology underway and is already a leading 
rce in the contract research area. Activities focus on monoclonal 
ntibodies for diagnosis and therapy and in genetic engineering. 
Our laboratories are modern and well equipped and we are now 
moving into a phase of further expansion as a result of which the 
lowing vacancies have now become available: - 


{EAD OF IMMUNOLOGY 


andidates for this appointment should have proven management 
capabilities as the person appointed will be responsible for our 
human monoclonal antibody research, which will involve running 
ready experienced team, The desired qualifications are a PhD 
fith at least several years’ industrial experience. 
teast initially, this post will be located in our Glasgow laboratories 
George Street. (Reference Number: 3502). 


SONTRACT BIOTECHNOLOGY 
AARKETING MANAGER 


ididates for this appointment must have an ability to broaden our 
base in the Biotechnology area. An aptitude in proposal 
and/or knowledge of licensing of intellectual property would 
advantages. The required academic qualifications are at 
Honours Degree. 
ost will be based at our Biotechnology laboratories in 
burgh. (Reference Number: 2590). 
licants for either of the above posts must have practical 
perience in appropriate fields and must have the necessary 
ve and initiative to operate successfully in a commercial 
‘ironment. Salary in both cases will be according to quali- 
tions and relevant experience. 
ddition, the Company offers modern staff benefit 
emeas, including free BUPA membership, and a modern 
cing environment. Relocation expenses may also be 
vided, where appropriate. 
full c.v., should be submitted in confidence to the 
onnel Department, Inveresk Research International 
ted, Inveresk Gate, Musselburgh EH21 7UB, quoting the 
ippropriate reference number. (2107)A 


VIRGINIA 
COMMONWEALTH 
UNIVERSITY 
MEDICAL COLLEGE OF 
VIRGINIA 
DEPARTMENT OF HUMAN 
GENETICS 
HUMAN MOLECULAR 
GENETICIST 


The Department of Human Genetics 


UNIVERSITY 
OF LEICESTER 
Leicester Biocentre 


POSTDOCTORAL 
RESEARCH ASSOCIATE 
~ Yeast Molecular Biology 


pplications are invited for a 
postdoctoral research position, 
funded by a major UK Food and 
Drink company, to undertake 


research aimed at the improvement 
of. existing yeast strains for com- 
mercial applications. 


The project will involve the use of 
neti biochemical and 
ant PNA methods and 


of the Medical College of Virginia is 
seeking applications for an assistant 
professor position. Candidates must 
have a doctoral degree, at least two 
years postdoctoral experience and a 
strong background in Human 
Genetics. The successful applicant 
will be expected to establish an in- 


ae dependent research program and to 


| participate in graduate studies. 


Fo apply, send vitae and three let- 


rence to. Dr Ww E Rete T 


CHAIR IN MICROBIOLOGY 
Applications are invited for 


appointment to the Chair in Micro- | 


biology which became vacant at the 
end of 1983 on the retirement of 
Professor N F Stanley. A newly 
established Chair in Clinical Micro- 
biology is currently under 
advertisement. 


The appointee to this Chair will be 
expected to provide a high level of 
academic leadership and to play a 
major role in teaching and research 
and in the administration of the 
Department of Microbiology. The 
appointee will also be expected to be 
from time to time Head of Depart- 
ment. The Department is located in a 
modern, well equipped building at 
the Queen Elizabeth I] Medical 
Centre and is responsible for the 
teaching of Microbiology to science, 
medical and dental students. The 
research sections of the Department 
comprise functional units in bacterio- 
logy and genetics, virology and 
epidemiology, immunology, 
environmental microbiology and 
clinical microbiology. 


Candidates should have an out- 
standing record of research in micro- 
biology. Although applications will 
be welcome from scholars in any are 
of microbiology, preference may be 
given to candidates with a strong 
background in virology and research 
interests in molecular aspects of the 
discipline, or in molecular biology 
with research interests in recom- 
binant DNA technology. 


The current salary for a Professor 
is $A51006 per annum, plus a clinical 
loading of $A4566 per annum for a 
medically qualified candidate. Bene- 
fits include superannuation, fares to 
Perth for appointee and dependent 
family, removal allowance, study 
leave and long service leave and 
eligibility for interstate travel grants 
and housing loan scheme. 


Prospective applicants should 
write to the Staffing Officer, the 
University of Western Australia, or 
to the Secretary General, Association 
of Commonwealth Universities, 
(Appts), 36 Gordon Square, London 
WCIH OPF, for further particulars 
before submitting applications. 


Applications in duplicate stating 
full personal particulars, qualifi- 
cations, experience and the names 
and addresses of three referees 
should reach the Staffing Officer, 
University of Western Australia, 
Nedlands, Western Australia, 6009 
by 27 July 1984, (W1012) 


POSTDOCTORAL POSITION 


available for individual to carry out 
in vitro mutagenesis of cloned, 
selectable mammalian genes and to 
characterize. their apreta after 
transfection into -< 

Molecular genetic 

able, Send. CV an 

Dr 


CHAIR IN CLINI 
MICROBIOLO‘ 


Applications are invi 
appointment to the newl 

Chair in Clinical Microb ogy PF 
position is one of two Chairs ‘in 
Department of Microbiology, t 
other being also vacant: with 
retirement of Professor N F Sta 


The Department of Microbiolog 
is located in a modern, well equippe 
building at the Queen Elizabet 
Medical Centre, which includes tt 
Medical School, Sir Charles Gairdner 
Hospital and State Health 
Laboratory Services, The appointee 
will be expected to play a major. role 
in teaching and research and in the 
administration of the Department, to. 
undertake and co-ordinate med 
student teaching and postgradua 
training in microbiology an 
provide leadership and expert: 
advice on microbiolog: 
infectious diseases to hospital. 


staff. The appointee will als 


expected to direct and adm 
Combined Clinical Microt Ry 
Laboratory Service (which | rovid os 
routine microbiology services 
Charles Gairdner Hospital ¿ 

public hospitals in. 

Australia) and the associa 

ist laboratories concer 

clinical and public health 

combined microbiology. se 


hospitals and the public 


authority. 

The Department of Microbi 
is responsible for teaching medi 
dental and science students. 
research sections of the Dep artm 
comprise functional units in bacte 
logy and genetics, virology an 
epidemiology, immunology 
environmental microbiology an 
clinical microbiology. 


Candidates should hold a medi 
degree registerable in West 
Australia, together with 
graduate qualifi ications appropriate 
for appointment at senior com 
sultancy status. Candidates m Ist also. 
have extensive experience in clir 
microbiology and knowledge o] 
expertise in diagnostic laborat 
procedures. Beds will be available for 
a suitable appointee. na 


The current salary for a Professor ; 
is $A51006 per annum, plus a clinical 
loading of $A9120 per annum. Bene- 
fits include superannuation, fares to 
Perth for appointee and dependent 
family, removal allowance, study 
leave and long service leave and 
eligibility for interstate travel grants 
and housing loan scheme. Limited 


| rights of private practice available. _ 


Prospective applicants should 
write to the Staffing Officer, the 
University of Western Australia, ör 
to the Secretary General, Association 


| (Appts), 36 Gordon Square, Lond n 
| WCIH OPF, for further particul 
| before submitting applications 


APPIO UORI: in duplicate 
rtic ; 





ar fe who are not 
ee o a fanua University 
st, for a Wellcome Loenen 
n Department of Ph 
Lecturer will be expected to oe 
it ly. with the Swansea In vivo 
Analysis Research Grou 
VARGI which is a collaborative 
oup involving the Department of 
Viedical Physics at Singleton 
Tospital and Medical Consultants 
Nest Glamorgan Health 
or carrying out research on 
body ment analysis. 
pointment, which will date 
October 1, 1984, will be for 
‘years in. the first instance 
é possibility of renewal for 
ef two years, subject to 
story review. The salary will 
fe £7190-£14125 per 
commencing salary 
upon age. 

l enquiries may be 
Professor J, Dutton, 
ent of Physics, but 

rticulars and 
n forms (2 copies) 
z from the 


DEAU INSTITUTE 

ostdoctoral 
ch position in 
ious disease 


ur ntly available to study i 


IFT snd minii ee 
:animals. Current research is 
directed towards understanding 
cellular interactions responsible 
for the modulation of delayed- 
type. hypersensitivity and 
acquired antimicrobial resistance 
during the development of 
nic systemic disease in 
d mice. Candidates should 

= strong background in 
oe peony or in 


: uate 
> Saranac Lake, about a mile rasta $ 
the village of Saranac Lake and 10 | 

es om Lake Placid, NY. On- | | 
is housing is available. | 
at appropriate NIH 


Monsanto, a jarge organization with European Headquarters i in 
Brussels and research facilities in pleasant surroundings at . 
Louvain-La-Neuve, 30 km south of Brussels, is expanding its 
agriculture research programs. The Biological Evaluation 
section intends to make new appointments for (m/f) 


with the ability to carry out and direct applied research projects. | 
These projects will be related to the discovery and development | 
of plant growth regulators and fungicides for use in major | 


arable crops. 


Applicants should have a PhD in agronomy, plant pathology or 
related plant sciences. A strong background in plant/crop 
physiology, and some experience of field experimentation, 
would be advantageous. 


Candidates should apply, enclosing a full curriculum vitae, to 
Personnel Department, Monsanto Technical Center, : 
rue Laid Burniat, B-1348 Louvain-La-Neuve, Belgium. 


The Queen's University 
of Belfast 
GRADUATE/ 
POST-DOCTORAL 
RESEARCH 
ASSISTANT 
Molecular Biology 
Department of Biochemistry 


This post, supported by the Multi- | | 
ple Sclerosis Society, istenabiein | | | 


the Biochemistry Department 
from Ist October, 1984 for one 
year. The appointee should 
preferably have interests in 
molecular virology and some ex- 


perience in recombinant DNA | | 
methods as applied to the study | | 


of multiple sclerosis. Candidates 
should preferably hold or expect 
to receive a good honours degree 
in a relevant discipline. A higher 
degree with research experience 
in recombinant DNA methodol- 
ogy while not essential would be 


| an advantage. | 
The appointee will be made || 
| within the salary range: | | 
-£6,312-£8,532 per hilt plac- | | E 
age. "s n eee E Salary: Ona scale £7, 149- £9,561 (under review). Non-co 
-superannuation scheme. $ 


; The Agricultural and Food Research Council isan Equal Oppe r 


onsanto 


Agricultural and Food Research Coui 
FOOD RESEARCH INSTITUTE 
Process Physics Division 
Theory of Food Systems 


A MATHEMATICIAN OR THEORETICAL — 
PHYSICIST 


Higher 
Scientific Officer 


is required to join the Process Physics Division in the Institute. The 
successful candidate will have a strong interest in the rheology of both 
Newtonian and non-Newtonian materials and use both analytical ani 
numerical mathematical methods to gain an understanding of thei 
behaviour in both rheometric and non-rheometric situations. A stron 
commitment to relating the results to experiments is essential, 
Qualifications: tst or upper 2nd class honours degree in Physics o 
Applied Mathematics and at least two years’ relevant post-graduat 


- experience, preferably a- ‘PhD; in Theoretical Physics or Appl 


Mathematics with experience in fluid mechanics, rheology or sta isti 
mechanics. 


























will be preferred. 










4eidelberg, F.R.G. 







‘RESEARCH IN 
- GEOLOGY 
7 (2 POSTS) 
salary £5649 — £6363 
Pay award pending 
plications are invited from 
sandidates with, or expecting 
“to obtain a good honours 
: degree in either Geology (for 
both projects) or joint 
ecology / Chemistry (for 
oject 2) for the following: — 
Structure, lithostratigraphy 
and sedimentoiogy of the 
Lower Devonian rocks of 
South Devon. 
2. Temporal and spacial 
variations in the chemistry 
and mineralogy of historic 
¿tarvas from Mount Etna, 
«Sicily. 
Research Assistants are 
expected to register for a 
< CNAA higher degree. 
_ Appointments are for a period 
Of two years with a possibility 
= Ofa third year (fixed term 
< c gontract). 
E ola ion for mat 











































ae 1984 can ba obtained. 





pplications with full CV, description of scientific 
experience and the names of two referees should 
nther Schütz, Institute of 
Cell and Tumor Biology, German Cancer Research 
Center (DKFZ), im Neuenheimer Feld 280, D - 6900 


be sent to: Prof. Dr. Gi 


OSTGRADUATE 








m outh Personnel Office, 


JERMAN CANCER RESEARCH CENTER H 
HEIDELBERG 


CELL/ MOLECULAR 
BIOLOGIST 


| A postdoctoral position (2 years initially is available to join 
=a research group working on the control of gene 
expression. The research will focus on the tissue specific 
= expression of the chicken lysozyme gene and the rat 
_ tyrosine aminotransferase gene and its control by steroid 
_ hormones and cAMP. Applicants with experience in 
¿molecular and cell biology and/or somatic cell genetics 















(W998) A 









UNIVERSITY 
OF OXFORD 


DEPARTMENT OF 
BIOCHEMISTRY 


POST-DOCTORAL 
RESEARCH ASSISTANT 
GRADE RSIA 
(Ref: B/R/106) 


A Post-doctoral Research Assistant 
is required to work with Drs A J and 
S M Kingsman on the control of gene 
expression and plasmid replication in 
Saccharomyces cerevisiae. The post 
is available for three years. The salary 
will be on the scale £7,190 — £9,425 
according to qualifications and 
experience and with membership of 
USS. 


Applications, including a full 
curriculum vitae and names and 
addresses of two referees, should be 
sent by 30th June 1984 to The 
Administrator at the address below. 


DEPARTMENTAL 
DEMONSTRATORSHIP 
(Ref: B/D/105) 


It is proposed to appoint a Depart- 
mental Demonstrator from Ist 
October, 1984, or as soon as possible 
thereafter and preference may be 
given to candidates whose interests 
are in physical biochemistry. The 
successful candidate will be expected 


4} to take part in departmental teaching 
į and to conduct his or her own 
| research. The appointment is for a 
| period not exceeding three years in 
| | the first instance. The salary will be 
y {f on the scale £6,310 — £8,975 pa 

ee: | according to qualifications and 
ae us. and with Diet e of 


BIOLOGIST & CELL | 
BIOLOGIST 
Higher Scientific Officers, 

Band 1 


Applications are invited for two posts | 
to extend the Institute’s programme | 


in molecular plant pathology. Both 
posts are for three years duration. 


The appointees will collaborate 


with other members of the Norwich 
Molecular Plant Pathology Group | 


(NOMPAG), consisting of members 
of the John Innes Institute staff and 
faculty of the School of Biological 
Sciences, University of East Anglia, 
who are applying a range of 
molecular biological techniques to 
selected problems in plant pathology. 


It is envisaged that Post 1 will be 
filled by a molecular biologist/ 
biochemist who will investigate and 
isolate plant genes which are 
expressed following infection by 
pathogens, while Post 2 requires a cell 
biologist to investigate (probably by 


| immunochemical procedures plant 


cell wall structure with particular 
reference to the possible involvement 
of wall polymers in host-pathogen. 
recognition reactions. Further details 
may be obtained from Dr M J Daniels 
(Post 1) and Dr K Roberts (Post 2). 


Applicants should have a good 
honours degree, with ideally a PhD 
and post-doctoral training in a 
relevant area of biology. Salary will 
be dependent on age and experience, 
on the Higher Scientific Officer scale 
in the range of £7149-£9561 (pay 
award pending). The John Innes 
Institute is an Equal Opportunities 
Employer. 


In accordance with the provision 
of the Employment Protection 
(Consolidation) Act 1978, staff on 
short term appointments are required 
to waive any statutory rights to 
redundancy payments or to make 
claims of unfair dismissal, in respect 
of dismissal at the end of the three 
years project. 


Applications giving full particulars 
and experience together with the 
names of two referees should be sent 
to the Secretary, John Innes 
Institute, Colney Lane, Norwich, 
Norfolk NR4 7UH, England quoting 
reference Gen/1l61 (Post 1) or 
CB/162 (Post 2) by 16 July 1984. 

(2093)A 


IMPERIAL COLLEGE 
DEPARTMENT OF CHEMISTRY 
Applications are invited for a 
POST-DOCTORAL 
RESEARCH ASSISTANT 


| ed from the Registrar, The Universit 
| Quote Ref RV/518/N. 








Applications are invited f p 
of Temporary Lecturerinthé Depa 
ment of Biochemistry; funded: 
Wellcome Trust, tenable f 
October 1984 for 3 years in th 
instance, with the possibili 
renewal for a further 2 years. A 
cants should have an interest in met 
brane biochemistry. Preference a 
be given to applicants with interests i 
tissue culture and/or monocloni 
antibody techniques and whos 
research interests complement thos 
currently active in the Departmen 
The successful applicant, who will t 
under 35 and not hold a tenured 
will be integrated into the 
graduate teaching program , 
Department which is to both 
and medical students. ` 


Applications (7 copies fre l 
cants within the U.K. and o 
others) in the form of ac 
vitae and the names and addresi 
three referees and a 500 word su 
mary of the applicant’s pr 
search project should be se 
16th June 1984 to Mr . 
Staffing Secretary, The 
Highfield, Southampton, 
Please quote refer 7 
AJS/84/21/N, { 



























































UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BIOCHEME 
EXPERIMENTAL OFFICI 

(MASS SPECTROMETRY 


to assist with the developme: 
analytical methods in bioche 
research using a VG 70 - 70F 
Spectrometer and Finega 
System with a Fast-atom bombar 
ment accessory and other chrom&tc 
graphic and analytical equipment 
Duties involve advising 
research groups in applying 
technique for the characterisatic 
and assay of biological compo d 
and initiating new analytical pre 
cedures. 





Minimum qualification a firs 
degree in Chemistry or related topic 
Candidates who have a higher degre 
in a relevant area and specific ey 
sige in mass spectrometry. pre 
r 


Salary within range £6, 310-£8, 33 
per annum (under review). ee 


Application forms may be obtain 


















PO Box 147, Liverpool L69. 
(2074) 






for two years starting from 1 | T7 
September 1984 to work with | | 


Professor W J Albery and Professor | 
BC. H. ‘Steele: on porous oxide Z| x 












J RET BIOLOGY 
; are invited from Scien- 
S years of age for the 
created under the “New 
‘heme. Persons already 


i permanent University ap- 


in the UK are not eligible. 
sful applicant will be ex- 
ndertake research related 
iology of gametes in col- 
n with | a team of scientists 


inne of There are ex- 
portunities for col- 
‘arch with other scien- 


ill be at an appropriate 
e scale £10,710-£14,125 


particulars can be obtain- 
ofessor David T Baird, 


of Obstetrics and | 


logy, University of Edin- 

tre for Reproductive 

Chalmers Street, Edin- 
W. 


ns (12 copies) including 

Vitae and giving the 
ddresses of two referees, 
to the Secretary to the 
niversity of Edinburgh, 

ge, South Bridge, Edin- 
S9OYL, by 30th June, 1984. 


ote reference NB6(84). 
(2129A 


F QUEENSLAND 
» . Australia 


ly to study anly to 
stina! nematode parasites 
to the genetics of the host. 


oject is expected to be 
unded for two years. 


ACADEMIC DEPARTMENT OF 
HAEMATOLOGY 


“NEW BLOOD” 
LECTURESHIP IN 
MOLECULAR BIOLOGY 


Applications are invited for a 
Molecular Biologist with an interest 


in the broad field of genetic and 


acquired haematological disorders. 
A research group will be formed 
around a suitable candidate. Some 
teaching at undergraduate and post- 
graduate levels will be expected. 
Major research interests of the 
Department at present include 
leukaemia, lymphoma, stem cells, 
haemophilia and other haemostasis 
oo Post tenable from October 
1984, 


Salary on scale £7,190-£14,125 
(under review) plus £1,186 London 
Allowance with superannuation 
benefits. The age of the successful 
candidate should not normally be 
over 35 at the date of appointment. 
Eight copies of curriculum vitae and 
names of two referees to be sent by 15 
June 1984 to the School Office, 
RFHSM, Rowland Hill Street, 
London NW3 2PF, (01-794 0500 ext 
4262) from which further details may 
be obtained. (2110A 


UNIVERSITY OF 
EDINBURGH 


POSTDOCTORAL 
POSITIONS IN MOLECULAR 
BIOLOGY 
Scientists with expertise in immuno- 
chemistry/hybridoma technology 
and gene manipulation are required 
to join a team engaged in 
identification and cloning of genes 
for clinically important antigens of a 

human malaria parasite. 


Send cv and the names of two 
referees to: Dr J G Scaife, Depart- 
ment of Molecular Biology, Darwin 
Building, Edinburgh University, 
King’s Buildings, Mayfield Road, 
Edinburgh EH93JR. {1974)A 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MICROBIOLOGY 


The European Molecular Biology Laboratory, 
a research institute situated in Heidelberg, | 
West Germany, invites applicants for the following 
vacancies at the Laboratory's Outstation 
at the Deutsches Elektronen-synchrotron (DESY) 
site in Hamburg 


APPLICATIONS 
PROGRAMMER 


The successful candidate will help the scientists at 


the Outstation to design, develop and maintain 


data acquisition and application programmes for 
the synchrotron radiation experiments at the nee 
tation which include protein crystallography, ti 

resolved scattering and X-ray spectroscopy a 
(EXAFS) on biological systems. j 


He/she will also be expected to take part in the 
daily operations of the computers at the Outsta- 
tion: VAX 11/750, PDP 11745, PDP 11/24. 
Computer network access is used to maintain col-. 
laboration with other groups. Since a large number 
of projects are carried out by visiting workers, an 
ability to interact with people is indispensable. 


An interest in applying computer technology to 
scientific problems is indispensable and previous 
programming experience in a scientific environ- 
ment will be an asset. The ideal candidate would 
have at least 3 - 5 years experience using one or 
more high level languages (FORTRAN, PASCAL). 
Knowledge of assembler for PDP 11 or VAX is an 
advantage. 


The net salary offered will be around DM 3900,- 


monthly. Certain allowances are payable in addi- 
tion, depending on personal circumstances. | 
An initial contract of 3 years’ duration, which can: _ 
be renewed, will be offered. $ 


Piease write briefly for an application form quoting 
reference N°84 /23 to: 


Personnel Section, 
EMBL 


Postfach 10.2209, 
D-6900 Heidelberg 


POSTDOCTORAL POSITIONS in 
“4 neurobiology and neuropathology as 
LECTURESHIP of KT A wa 
The Department of Microbiology | BEUrODIOlOgy group trs N 

invites applications for a Temporary | Gonatas, W F Hickey, R Hogue- 
PARASITOLOGY Lectureship for one year from | Angeletti, V M-Y Lee, ad 
Cattle tick vaccines) October 1984. The post arises from Schlaepfer, J Q Trojanowski) o pa 
ble siaty o KARA the award of the Nuffield Research | positions in a training paan oO. 
walla e immediate y a A Pi Fellowship to Dr I R Booth, and the individuals interested in: En pyton 
a ae “Ne | sccenfolaplicant wile expeed | And racer sangon: of ands 
+} to assist with teaching in microbial | ; | receptors. The project A funi 
m for two ip ine ss palies: mechanisms mediating EAE; Neuro- | MRE and is Widely for on 


physiology, genetics and molecular | E 
- filament protein structuré, Molecular ae ; 
biology. There will be the < biology, metabolism and ‘expression | (starting from October Ist 


opportunity also to carry through a | aO ORs Sg in vivo: lecular x renewable for a further fh y 


UNIVERSITY OF ae 
NOTTINGHAM | 
DEPARTMENT OF BIOCHEMISTRY . 


POSTDOCTORAL |... 
RESEARCH ASSISTANT 
Applications are invited for a- Post: 
doctoral Research Assistantship to 
| work on the isolation and reco 
stitution of brain D, dopam 


Salary per annum: $A24,353. Ref. TEMPORARY 


POSTDOCTORAL POSITION | 
AND J PROJECT LEADER — 


| research programme. 


nary within the he Tange £7, 190 to 


| mapping of chromaffin gr 
F: membrane, Send résumé pet names | 





| pioneering, yet l established rivate company, i in tt 
cal nutrition continues to diversify to satisfy the needs of an — 
‘panding market. | 
u'll have the unique ability to spot the commercial potential in 
tific developments and be able to participate as part of the 
gement team in achieving that potential, being totally involved 
aspects of the business. 
ged 35-45, probably a Ph.D, biochemist nutritionist or pharmacist, 
you'll be thorough ly familiar with lipid biochemistry, clinical trial 
procedures and have commercial and management experience and 
capability 
This is a unique opportunity to join a progressive company, offering 
a very attractive remuneration 
package at a significant period in 
its development. 


WELLCOME LECTURESHIP ~ 
In the Hard Tissue Unit 


Tenable for three years in the first 
instance, which may be renewed for a 
further two years subject to 
satisfactory review. The person 
appointed would be expected to have 
demonstrated ability for innovative 
research in the general field of 
investigation of skeletal & dental 
tissues and to have had anatomy 
teaching experience. The candidate 
‘Phone Dorothy V. Thompson shall not be more than 35 years old, or 


at PER Warrington (0925) 52153. , hold a tenured post. 

(2135)A Applications, by June 30th, should 
include a cv, list of publications, 
names and addresses of three 
academic referees and a 500-word 
summary of the candidate’s 


proposed research. 
THE UNIVERSITY OF LANCASTER Salary on Lecturer Seale | EHS 9¥E, not later that 


Department of Environmental Sciences £7,190-£14,125 (under review) plus 


he fonosphere Group of the Environmental Sciences Department has fea è bondon WAgADg 1 a gee TEASED 
vacancy for a RESEARCH ASSOCIATE to work on problems of the ai 
Nosphere at high latitudes. The project is supported by the Science Further information can be 
nd Engineering Research Council and the salary will be at an | obtained by telephone from 
propriate point on Research Scale IA which commences at £7190 Professor Alan Boyde or Dr Sheila J 
(currently under review). The appointment is for one year. Jones. Tel: (01) 387 7050 Ext 635. 
tions are invited from PhD level physicists or geophysicists with Applications to be addressed to: 
ts in radiowave propagation or ionospheric physics. Apo oe ice te be of 
her particulars may be obtained (quoting reference LO65/ B) Coe. ondon Gover shah 
m the Establishment Office, University House, Bailrigg, peste WCIE6BT (2129)A i 
ster, LA1 4YW, where applications (six copies) naming ee ee ee eee ee ee 
e referees, should be sent NOT LATER THAN 7 JUNE 1984. UNIVERSITY OF WALES 


(2143)A WELSH NATIONAL 


above post sania for one 

Ist September, 1984. The ap 
will be expected to conduct 
assist in practical classes 

to students in the Faculty of Si 


Salary on the scale £7,190-£ 1 
USS Superannuation. ; 


Informal enquiries may be madet 
Professor B L Ginsborg, Deparimer 
of Pharmacology, 1 George Squar : 
Edinburgh. 


Applications (6 copies} includin 
curriculum vitae and the names 
addresses of two referees should | 
sent to the Secretary to the Ù 
versity, University of Edinburg 
College, South Bridge, Edinbu 


Executive 
Selection 


UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF VETERI 


Molecular/Cell 
Biologist 


Atomic Energy of Canada Limited invites applications fora 

staff scientist to join the Radiation Radiology Branch at the 

Chalk River Nuclear Laboratories. Candidates should 
_ possess a Ph.D. degree and preferably have post doctoral 
experience. This is a continuing position and the 
successful applicant will be expected to establish an 
' independent research program in an area compiementary 
_ to the interests of the existing group of ten scientists. The 
` branch research program is internally funded. It focuses 
-.on mechanisms of DNA damage and genetic and external 
factors which influence these processes. Present 
“programs on hyperthermia, mutagenesis, and tumor 
induction and promotion support these aims. Excellent 
small animal facilities are available. 


“Atomic Energy of Canada Limited is a Crown Corporation 

-zand first preference will be given to Canadian citizens and 

<- landed immigrants of Canada; however, foreign nationals 
are also invited to apply. 


_CRNL offers a competitive compensation package and the 
opportunity to work and live in a pleasant and attractive 
“resort area of the Ottawa Valley, 190 kilometres northwest 
of Ottawa on the Ottawa River. Good education facilities 
fe and year round cultural and recreational facilities are 
available in the Deep: River/Pembroke area. 


valified A women and men should send a complete 
if re eferences and 


SCHOOL OF MEDICINE 


TENOVUS INSTITUTE FOR 
CANCER RESEARCH 


RESEARCH TECHNICIAN 


required for a period of 3 years (sub- 
ject to the usual probationary period) 
to assist in a research programme 
concerned with hormone binding in 
prostatic tumours. The work will in- 
volve histochemical, biochemical and 
immunocytochemical techniques for 
hormone receptor analysis. Ap- 
plicants should preferably have some 
experience in biochemistry and/or 


| histology and a degree or equivalent 
qualification. 


Salary on the scale for University 
Technical Staff Grade 4 (£5,826 — 


| £6,702 per annum) with commencing 


salary dependent upon qualifications 


| and experience. 


Details of the post and application 


| forms available from Dr M E Harper, 
| Tenovus Institute, Heath Park, Car- 


diff, CF4 4XX. (Tel No (0222) 


| 755944 Ext 2436) to whom applica- 


tions should be submitted as soon as 
possible. (2076)A 


Please mention 


when replying to - 


VETERINARY SCIEN 


Applications are invited for 
Lecturer in the Departmen 
Veterinary Physiology, tenabl 
period of three years in the fi 
stance, with possible renewal fo 
further two years, and availabl 

ist October 1984. Candidates 

be aged 35 or under and should 
currently hold a permanent uni 
sity appointment. 


The “Wellcome” lectureshiy 
primarily for research. Thea Ol 
will be expected to contri 
through fundamental research 
understanding of the mechan 
underlying pain and analgesia an 
investigate methods for the as 
ment and alleviation of pai 
domestic animals. The succe 
applicant should bring to this’ 
neurophysiological and neuro 
pharmacological expertise as well < 
an interest in the welfare of domest 
animals, 


The initial salary will be at 
appropriate point on the lect 
scale £7,190-£12,080 pa. 

Applications (3 copies} must 
include a 500 word summary of the 
candidate’s proposed. resear 


{| curriculum vitae with details Q re 
| search and teaching experien 


the names of two referees. 
enquiries should be addr 


Professor A Iggo;. De 
1 polos | Physiology 





C ‘New Blood’ Scheie: 
ge limit for ‘new blood’ 
ments is thirty-five, but in 

ma cases candidates j iunt over 


vith sealer i qualifications. 
1 ei to d candidate will be 


el tion to metabolic consequences 
if pu onary damage in farm 


relation to the systematic 
of disordered lung function 
wth and metabolism. The 


on the pathogenesis of 
disease in calves and the 
piratory diseases on pigs. 


ecturer. Appointment will 

iree years with the possibility 
pointment to retiring age in 

hi case of a Lecturer, for an 


nds: University Lecturer: 
rising by eleven annual incre- 
9 £15,085: there is no grade of 


ersity Assistant Lecturer: 
rising by four annual 
ts to £9,425. 


ations should be sent to the 
of the Appointments 
ttee for the Department of 
t. Veterinary Medicine, 
y Road, Cambridge CB3 
relve copies) and should 
ñ | curriculum vitae, list of 
) blica ons, and the names of not 
han three referees, to reach 
ot later than 4 June 1984. 
(2106)A 


- UNIVERSITY OF DUNDEE 
‘DEPARTMENT OF PATHOLOGY 
POSDOCTORAL RESEARCH 


ASSISTANT 


Applications are invited from cellular 
immunologists or biologists for 
ippointment for a period of one year 
| the first instance to work in the 
Clinical Immunology Laboratory in 
th above Department on a study of 
ffect of UVC irradiation of 
blood on immune competence. 
Experience in techniques of cellular 
immunity, tissue culture, flow cyto- 
‘imetry and/or the assay of anti- 
ly levels would be useful. 


£7190 per annum (under 


uperannuation Scheme. 


“particulars are available 
Sripane © Officer, The Uni- 


aN with. | 


DEPARTMENT OF 
MATHEMATICS AND BALLISTICS 
RESEARCH SCIENTIST IN 
COMPUTATIONAL 
MATHEMATICS 
Applications are invited for the post 


of Research Scientist to work on a | 


project concerned with the computer 
modelling of fracture problems. The 
main task of the appointee will be to 
develop an existing suite of programs 
into an integrated and flexible soft- 
ware package. The opportunity exists 
for a suitable candidate to make a sig- 
nificant contribution to research, and 
it may therefore be possible to 
register for a higher degree in 
connection with the work. 


The successful candidate is likely 
to have a good degree with a substan- 
tial mathematics and/or computing 
content. A good knowledge of scien- 
tific programming is required and 
experience in the use of FORTRAN 
would be an advantage. The person 
appointed will work in the Depart- 
ment of Mathematics and Ballistics 
as a member of a team of four within 
the Computational Mathematics 
group. Liaison with government 
research establishments is involved, 
and opportunities exist for relevant 
travel, attendance at conferences and 
publication of results. 


The appointment is for a period of 
one year in the first instance in the 
grade of Research Scientist (salary 
scale £5,460 — £8,530 depending on 
qualifications and experience). 


From 1 August 1984, RMCS will 
become a faculty of the Cranfield 
Institute of Technology. 


Application forms „and further 
information may be obtained from 
the Civilian Admin Office, Royal 
Military College of Science, 
Shrivenham, Swindon, Wilts SN6 


~8LA. Tel (0793) 782551, ext 421. 


Please quote reference No HQ 
120/1/191. 


Closing date for applications 
15 June 1984. (2147)A 


SOUTHAMPTON AND 
SOUTH WEST HAMPSHIRE 
HEALTH AUTHORITY 


BASIC GRADE BIOCHEMIST 
To work with University Geriatric 
Medical team based at Southampton 
General Hospital, 


ment of Chemical Pathology and 
Human Metabolism. This is a 
research post, the main interests 
being bone disease in the elderly and 


neurochemistry of ageing. Some | 
experience of radioimmunoassay 
|. and/or receptor-binding techniques. 


aperannuation under Uni- | would be an advantage. 


Salary Scale (post probationer. 


£6,520 — £8,349). Application form 


and. job description from Distric 
Personnel Department, Tremon: 


CE emona. Road 


linked to | 
Professor Barbara Clayton’s depart- — 


ee eS ane oe ate yee a o 


or o- Hae 
eee Fs oe 
ea ERE A K 
aes eee tae tae ee M ee 


sa Senior Lecturer in 
Physical Oceanograph 


Applications are invited for the above post, vacant from 1 July 1984. 


secs Candidates shouid have interests in the broad field of dynamical 


oceanography, those with interests in alr-sea interaction and/or marine 
climatology being particularly welcome. The successful applicant will be 


© required to take part in undergraduate and postgraduate teaching and to 
_ undertake research. 


Appointment, accordin a qualifications and experience will be made on 
the salary scale R16 557 x 936-24 045 plus a. ec tp allowance of 
12%, with on annual bonus of nearly one month's salary and 


attractive staff benefits 


i Ap licants should submit a full curriculum vitae and the names and 
addresses of three referees not iater: than 15 June 1984 to the 
: (Attention: App ce) iment AC/452.. 
Cape Town, Private Bag, Rondebosch, 7700, South: 
rmation t fal be obtained from: the Registrar 
ary, SA Universities Office, Chichestet. 





G.D. Searle is a major intamational: porraca 

company with a strong commitment to Research & ae 

Development in the UK, The Company is actively involved: 
~~ in the fields of chemically and biologically derived medical 


a - products. 


A vacancy has arisen for an experienced Protein Chemist 
to join a group working on the purification and 
characterisation of genetically engineered proteins. 
Applications are invited from post graduates with a 
minimum of 3 years relevant experience which ideally 
would include specialised experience of protein structure 


. and folding. 
ec. The Company offers: — 
-* 37% hour working week 


*23 days basic holiday entitlement 


* subsidised restaurant 
* generous health insurance 


~ -* contributory pension scheme 


* active recreation club 


Please apply to Miss D. Wardman, Assistant Personnel 


Officer, Searle Research & 


Development, Lane End Road, 


High Wycombe, Bucks (Tel: 
High Wycombe 21124, ext 


254). Please quote reference 


(2103)A 


S COLLEGE SCHOOL 
-OF MEDICINE & 
E ` DENTISTRY 
King’ s College London 
Denmark Hill 
London SES 8RX 
MENT OF OBSTETRICS & 
“GYNAECOLOGY 
“NEW BLOOD” 
i “LECTURESHIP 
“NON-CLINICAL 
/ ILECULAR GENETICS IN 
HUMAN REPRODUCTION 


pplications are invited for the 
ave post which will be tenable in 
Harris Birthright Research Cen- 
. tre for Fetal Medicine in the Depart- 
ent of Obstetrics and Gynaecology. 
andidates (normally under 35 years 
of age) should have a higher degree 
and experience in recombinant DNA 
technology. The successful applicant 
i k- l J. Ps these 


` SEARLE 


SCOTTISH UNIVERSITIES 
RESEARCH AND REACTOR 
CENTRE 


POST OF DIRECTOR 


The Centre was opened in 1963 to 


provide research and teaching | 
facilities in the reactor field for the 


Scottish Universities. Since then the 
range of its activities has widened to 
include isotope geology and nuclear 
medicine. 


The Directorship of the Centre will 


| become vacant on the retiral of Pro- 


fessor H W Wilson on 30th Septem- 
ber, 1985. Applications are invited 
from suitably qualified persons for 
this post which is on the professorial 
salary scale. The successful candidate 
will probably be a physicist, chemist, 
isotope geologist or engineer with ex- 
perience in the broad areas of reactor 
science and. engineering, isotope 


geology or nuclear medicine, in all of 


imd + which fields the Centre has an 


a ‘Further = 


“agablished reputation. The Director 


d to be the scientific 


articulars may be obtain- 


ap ed from the Academic Personnel Of- 


Valversity of Olasgow, Glasgow 
20, $ S lica 


| processing equipment, 


TECHNICIAN 
in the 
DEPARTMENT OF 
REHABILITATION 
SENIOR MEDICAL 
PHYSICS TECHNICIAN 
(Whitley Council Grade 2) 


required to work in University | 
| Clinical Rehabilitation laboratories. 
| The research work will involve the 


recording and processing of biologi- 
cal potentials from patients with 
neurological disease. The post 


| includes provision of technical 


assistance to research students, the 
design and construction of electronic 
the super- 
vision of other research staff and 
responsibility for safety and quality 


| assurance in the laboratory. Previous 
| experience in laboratory supervision 


and clinical projects will be an 


| advantage. 


Application form and job descrip- 
tion from District Personne! 
Department, Tremona Court, 30/32 
Tremona Road, Southampton. 
Telephone Southampton 777222 ext 
3018/3556. Closing date 8 June 1984. 

(2150)A 


KING’S COLLEGE LONDON 
DEPARTMENT OF BIOPHYSICS 


GRADE 3 TECHNICIAN 


for a research group concerned with 
molecular mechanisms of cell 
motility and growth related to the 
cytoskeletal system of cultured cells. 


This appointment, funded by the 
Medical Research Council, is for 
three years from October 1984., 
Salary £6,401 -£6,689 inclusive. 

Please apply in writing with the 
names and addresses of two referees 
by 15 June 1984 to Dr A Koffer, 
King’s College London, 26-29 Drury 
Lane, London WC2B5RL. (2126)A 


IMPERIAL COLLEGE 
DEPARTMENT OF CHEMISTRY AND 
CENTRE FOR BIOTECHNOLOGY 

Applications are invited for 
2 POST-DOCTORAL 
RESEARCH ASSISTANTS 
and for 
2 SERC STUDENTSHIPS 


| starting from 1 October 1984 to work 


with Professor W J Albery, Dr J A 
Barrie, Dr A E G Cass and Dr MH 
George on the development of 
enzyme electrodes 


| associated membranes. 


Applications including 


SENIOR MEDICAL PHYSICS T 


will be under ae sate oF 
Maitland and Dr 8 M Richardso: 
collaboration with ICI]: P 
chemicals and Plastics Division. TH 
appointment will be from Autum 
1984 or earlier by mutual agreeme i 
Applicants should have experience ¢ 
experimental research in engineerin 
or the physical sciences; a bach 
ground in fluid mechanics, cheolos 
or polymerisation work would be 
particular advantage. Starting salat 
in range £7,190-£8,530 pa plus £1,18 
London Allowance, accrue to 
and experience. 


Applicants should send Č 
names of two referees to I 
Maitland, Department of 
Engineering and Chemica 
nology, Imperial College 
SW7 2BY, from whom furthe 
mation may also be obtain 


THE UNIVERSITY 

BIRMINGHAM 
FACULTY OF MEDICINE A 
DENTISTRY ` 
CLINICAL GENETIC 


A vacancy has arisen in the 
department for a Research As. 
to work on cytogenetic a 
mental retardation. 


Salary — Research Associ t 
£6310 — £8530 (plus superan 
tion) for two years. 

Further information fr 
tant Registrar, The Medical 
Birmingham B15 2TJ, to 


RA/CG/TW. 


UNIVERSITAT INNSBRUCI 
BIOCHEMISCHE = 
PHARMAKOLOGIE. 
Am Lehrstuhl für Biochemise! 
Pharmakologie der Medizinisch: 
Fakultät sind ab sofo 


Universitatsassistentenstellen 
besetzen. _ 


Arbeitsgebiet: Biochemise! 
Charakterisierung des Caleiur 


{| kanals. 


and their | 
| Biochemiker mit | 


Mediziner, 


sheild amok vitae and the. names | pi | umk 
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| NIVERSITY OF LONDON 
Royal Postgratduate Medical 
: School 


WELLCOME LECTURESHIP 
IN VIROLOGY 


Applicatons are invited from 
sandicmtes trained in the techniques 

‘modern molecular biology, such as 
the M13 (Sanger) cloning sequencing 
system, site-specific mutagenesis, 
and molecular cloning, for a new post 
of Wellcome Lecturer in the Depart- 
ment of Virology. The successful 
candidate will be required to develop 
the application of molecular biologi- 
cal techniques in a clinical environ- 
ment and to contribute to the teach- 
ing activities of the Department. 


Candidates should be not more 
than 35 years of age and must not 
hold a permanent university appoint- 
ment in the United Kingdom. 
Appointment will be for three years 
in the first instance with a possible 
extension for a further two years. 
Salary on the non-clinical lecturer 
scale, currently £7,190 — £14,125 
‘lus £1,186 London Allowance. 


Biplicants should apply by letter, 
iösing 6 copies of their curriculum 
e, a statement of not more than 
‘words on the research they would 
propose to undertake if appointed, 
and naming three referees to: The 
Deputy Secretary, Royal Post- 
graduate Medical School, Hammer- 
smith Hospital, DuCane Road, 
London W12 OHS, from whom 
further particulars can be obtained 
(telephone: 01-743 2030, ext. 263). 


Closing date for applications: 15 
June 1984. 2085)A 















THE ONIVERSITY OF 
SYDNEY 


DEPARTMENT OF BIOCHEMISTRY 
= LECTURESHIP 


Duties will consist of teaching and 
research. The Department teaches 
Biochemistry to students in the 
following courses: Dentistry, Medi- 
szine, Science, Pharmacy and Veterin- 
ary Science. Applications are invited 
from persons suitably qualified in 
Biochemistry: preference may be 
ziven to those with special interest in 
the area of th eukaryotic gene struc- 
ture and expression. 


Salary range: $A23,394 - $A30,734 
oa (under review). 


Appointments to Lectureships are 
asually probationary for three years 
and the University reserves the right 
not to proceed with any appointment 
for financial or other reasons. 





Applications, quoting reference no 
18/07 and including curriculum 
vitae «ist of publications and names 
of hree referees to the Registrar, 
g rity of Sydney, NSW 2006 
Australia by 15 June 1984, from 
whom further information available. 
Further general information also 
available from Association of Com- 
monwealth Universities (Appts), 36 
Gordon Square, London WC1H 
IPF. une 





1 EST/17/84()). 


UNIVERSITY OF 
CAMBRIDGE 


LECTURER IN THE 
DEPARTMENT OF 
METALLURGY AND 
MATERIALS SCIENCE 


To take up appointment of 1 October 
1984 or as soon as possible thereafter. 
Preference will be given to candidates 
with research experience in the 
science and engineering aspects of 
composite materials. The lecturer 
will be expected to teach in the broad 
field of non-metallic materials. 


The appointment will be for three 
years with the possibility of re- 
appointment to the retiring age. The 
pensionable scale of stipends for a 
University lecturer, not ordinarily 
resident in college, is £9875 rising by 
eleven increments to £15085. 


Further information about the 
duties and conditions of appointment 
may be obtained from the Secretary 
of the Department of Metallurgy and 
Materials Science, Pembroke Street, 
Cambridge CB2 3QZ. Applications, 
including the names of three referees, 
should be sent to Secretary of the 
Faculty of Physics and Chemistry, 
Institute of Astronomy, Madingley 
Road, Cambridge, so as to reach him 
not later than 27 June 1984. 

{(2145}A 





UNIVERSITY OF DUNDEE 


WELLCOME LECTURESHIP IN 
PHYSIOLOGY 


PHYSICAL CHEMIST/ 
BIOCHEMIST/ 
PHYSIOLOGIST 


Applications are invited for the 
above full-time post tenable in the 
Department of Physiology, Uni- 
versity of Dundee, for up to five years 
from September 1984. Candidates 
must be under 35 years of age and not 
presently hold a permanent position 
in a University or research establish- 
ment within the United Kingdom. A 
condition of appointment is that, 
besides carrying out teaching to 
Medical and Science students, the 
successful candidate will be expected 
to work with Professor M J Rennie in 
the general area of physiological 
metabolism on the development and 
application of stable-isotope- 
labelling techniques suitable for use 
in studies of human physiology and 
medicine. Preference will be given to 
candidates with previous experience 
of stable-isotope methodology who 
can demonstrate an ability to apply 
this expertise to physiological 
problems or to physiologists who are 
willing to make themselves expert in 
methodologies involved. 


Further particulars are available 
from the Personnel Officer, the Uni- 
versity, Dundee, DDI 4HN (tele- 
phone 0382 23181 extension 383) and 
prospective applicants are requested 
to obtain these before submitting 
formal applications and outlines of 
the research projects they have in 
mind to undertake with Professor 
Rennie. Please quote reference 
RILSA 


The European Molecular Biology Laboratory, 

a research institute situated in Heidelberg, 
West Germany, invites applicants for the following 
vacancies at the Laboratory's Outstation 
at the Deutsches Elektronen-synchrotron (DESY) 
site in Hamburg. 


PROTEIN 
CRYSTALLOGRAPHER 


The Outstation has developed advanced instrumentation 
for the use of synchrotron X-ray radiation in structural bio- 
logy Protein Crystallography, fibre and solution diffrac- 
tion, X-ray spectroscopy (EXAFS). The facilities are used 
by many groups mainly from the Member States. The 
successful candidate will be expected to engage in 
research projetcs, making use of the outstanding proper- 
ties of synchrotron radiation (high intensity, wavelength 
tunality, polarization and time structure) for protein crys- 
tallography. Besides these activities, she/he will also _ 
assist outside groups with protein crystallographic data = 


collection. 


The ideal candidate would be a protein crystallographer .~ 
with 3-5 years of experience, capable of carrying out the == | 
various aspects of a crystallographic project. Fluent ~ 
knowledge of English is a prerequisite. ed 
The net salary offered will be between DM 3900, - and 

DM 4700, - monthly. Certain allowances are payable in 
addition, depending on personal circumstances. An initial 
contract of 3 years’ duration, which can be renewed, will 


be offered. 


Please write briefly for an application form quoting 


reference N°84 / 24 to: 


Personnel Section, 


BMBL 


UNIVERSITY COLLEGE OF 
LONDON 


DEPARTMENT OF CHEMICAL AND 
BIOCHEMICAL ENGINEERING 


A POST-DOCTORAL 
MEMBRANE BIOCHEMIST/ 
MICROBIOLOGIST 


is sought to join a team supported by 
a Special Rolling Grant from the 
Science and Engineering Research 
Council. The programme is concern- 
ed with biochemical engineering 
studies to improve the processing of 
proteins and enzymes, and one of its 
objectives is to facilitate the large- 
scale isolation of membrane- 
associated enzymes. This project has 
been under way for five years and is 
presenting the biochemical engineers 
and bioscientists involved with new 
and exciting challenges. The present 
phase of work is funded until 1987. 
The team is part of a larger, interna- 
tionally respected group of UCL 
engaged in enzyme, fermentation and 
protein technology studies and which 


has strong external links to relevant — 
biochemistry, microbiology and 


genetics research teams. 


Salary in range £7190 — £9425 per 
annum. plus £1186 per annum Lon- 
don Allowance. 


Applications should be addressed 


to Dr Peter Dunnill, Departmer 
Chemical and Biochemical E Engin 
ing, University College Lond. 
rington Place, London Wi 
Engin e (2084 





| Drs Leonard Jarett and Pete 


Search Committee, Departmen 

Pathology and Laboratory Medicin 

University. o Pennsylvania Scho 
Medic elp. 


Postfach 10.2209, 
D-6900 Heidelberg 





UNIVERSITY |. 
OF PENNSYLVANIA |. 
School of Medicine 
DEPARTMENT OF 
PATHOLOGY AND © > 
LABORATORY MEDICINE 
SENIOR CELLULAR | 
AND/OR MOLECULAR 
IMMUNOLOGIST | 


Applications are invited fora senio 
tenured faculty position to head the 
Division of Research Immunology in 
the Department of Pathology and 
Laboratory Medicine. 


The individual sought should 


possess a record of research achieve- __ 
ment in cellular and/or molecular 
immunology and have demonstrated __ 
capability in research training. This 
person will be expected to continue — 
the development of this established, 
nationally recognized research and. 
training program, including recruit- 
| ment of new members. No clinical _ 


service responsibilities are required 
of this position. Oe 

Interested candidates. should _ 
submit résumés and names of three 
references prior to July 15, 198 






Nowell, Co-Chairmen, Immunolo 






























- Chesil 1 n 


GRENADA 


Professor or 


tst 1984. 


Atlanta GA. 30307, U.S.A. 





ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 


POSTDOCTORAL 
PHYSIOLOGIST 


A three year MRC funded post for a 
postdoctoral candidate with a 
background in mammalian 
- physiology will become available 
: from October 1 1984, to work on 
< circulatory reflexes with Professors 
< M de B Daly and K M Spyer. 

_ Salary on Scale Research 1A. 


Further details are available from 
7 - School Office, Room G650, 

FHSM, Rowland Hill Street, 

London NW3 2PF or telephone 
-. 01-794 0500 Extn 4262, to which 
“application by full curriculum vitae, 
_. including the names and addresses of 
= two referees, should be submitted by 
8 June 1984. Please quote reference: 
_ S/RA., QI3DA 


RESEARCH ASSOCIATE 
Post Doctoral 

Cell biology or biochemistry. 

¿į Basic studies on intracellular 

| peptide processing, glyco- 

zq sylation, transport and secretion. 

a 23 year appointments. Salary 


David V. Cohn, PhD Depart- 
-| ments of Oral Biology 
| and Biochemistry, Health 
_| Sciences Center, University of 
“| Louisville, Louisville, KY 
| 40292. USA (502) 588-7507. 
(NW543)A 


UNIVERSITY COLLEGE 
DUBLIN 


Applications are invited by the 


Governing Body of the College 
for the following full-time 
statutory appointment: 


PROFESSORSHIP OF 
PHYSIOLOGY AND 
HISTOLOGY 


..| Prior to application, further 
->i information (including appli- 
cation procedure) may be ob- 
tained from the Secretary and 
Bursar, University College, 
Belfield, Dublin 4. Telephone 
< 1 enquiries: 693244 ext. 431. 
1 The closing date for receipt of 
F completed applications is 
on oii 21st June 1984. 
= (2088)A 





| = aE SCHOOL OF MEDICINE. 
ST.VINCENT 


St. George’s University School of Medicine, located in the West Indies, 
is aoe its present faculty. Applications are invited from PhDs or 


Teaching positions are available at the level of instructor, assistant 
Associate Professor, 
Biochemistry, Microbiology. Lecturers and laboratory demonstrators 
in Pathology, Pharmacology, Physiology, Histology. 

Recent retirees in good health, and experienced lecturers available 
during a sabbatical leave of at least one year will also be considered. 
Priority will be given to applicants with prior experience in lecturing in 
Medical Schools. These faculty appointments will begin July or August 


Submit applications including current curriculum vitae and 
recent references to the Vice Chancellor, 
University School of Medicine, c/o 849 Lullwater Parkway, 








BARBADOS 







in the following subjects: 












St. George's 






(W1002)A 





HOWARD HUGHES 
MEDICAL INSTITUTE 
DEPARTMENT OF 
PHARMACOLOGY 
RESEARCH ASSOCIATE 
POSITION AVAILABLE 


Research program is in the area of | 


molecular basis of calcium action, 
especially the mechanism of action of 
the calmodulin family of proteins. 
Background in Molecular Biology or 
Biochemistry preferred, but moti- 
vation and ability to interact with a 
multidisciplinary group more 
important. 


Send curriculum vitae and names 
of two references to D Martin 
Watterson, Department of Pharma- 
cology and Howard Hughes Medical 
Institute, 723 Light Hall, Vanderbilt 
University, Nashville TN 37232. 

(NW547)A 


LUDWIG INSTITUTE FOR 
CANCER RESEARCH 
LONDON BRANCH 
Haddow Laboratories, 
Clifton Avenue 
Sutton, Surrey SM2 5PX 


POSTDOCTORAL CHEMIST 


Applictions are invited from a Post- 
doctoral Biochemist for a research 


post in a group studying the biology | 


of the human breast. The post will in- 
volve predominantly the characteri- 
sation of intermediate filaments in a 
human breast epithelial cells and the 
successful applicant will be a member 
of an integrated team of biologists, 
membrane biochemists and patholo- 
gists investigating differentiation in 
this system. Practical experience of 
protein separation techniques in- 
cluding two dimensional gel electro- 
phoresis is essential. Tissue culture 
experience would be an advantage 
but not essential as the opportunity to 


would be provided in the course of 
the project. 


The post will be classified as Non- 
Clinical Scientist Grade I] (MRC 
Scale) and salary range within 


£7,190-10,710 pa plus £1,1865 pa | 


London Weighting. 


Applications should be sent in 
writing, enclosing curriculum vitae 
and the names and addresses of two 
referees to the Administrator at the 
above address before 8th June 1984. 

(2083)A 


| Hospital Medical School, 


UNIVERSITY OF 
TECHNOLOGY 
LECTURER IN 

DEPARTMENT OF APPLIED 
PHYSICS 


Applications are invited for the post 
of Lecturer in the Department of 
Applied Physics. 


The appointment is of 3 years 
duration during the absence of a 
national staff member on study 
leave. 


The appointee will be expected to 
teach general physics in service 
courses in addition to advanced 
teaching and research. A quali- 
fication in geophysics is preferred. 


Salary: Lecturer I K16,820 per 
annum; Lecturer I] K18,670 per 
annum (K! = Stg 0.8209) (Level of 
appointment will depend upon quali- 
fications and experience). 


The initial contract period is for 
approximately three years. Other 
benefits include a gratuity of 24% 
taxed at 2%, appointment and 
repatriation fares, leave fares for the 
staff member and family after 18 
months of service, settling-in and 
settling-out allowances, six weeks 
paid leave per year, education fares 
and assistance towards school fees, 
free housing, salary protection plan 
and medical benefit schemes are 
available. 


Detailed applications (two copies) 
with curriculum vitae, together with 
the names and addresses of three 
referees and indicating earliest avail- 
ability to take up appointment should 
be received by: The Registrar, Papua 
New Guinea University of 
Technology, Private Mail Bag, Lae, 
Papua New Guinea, by 15 June 1984. 


Applicants resident in the United 
Kingdom should also send one copy 
to Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCIH OPF, from 
whom further general information 
may be obtained. (WIDIDA 


CHARING CROSS 
HOSPITAL MEDICAL 
SCHOOL 
(University of London) 


POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for this post 
in the Department of Biochemistry to 


| work on an MRC-funded project on 


the effect of oestrogens on proteo- 
glycan synthesis in connective tissue 
cells. Applicants should have 
obtained a PhD degree and prefer- 


learn this and monoclonal techniques | ably have some experience in cell 


culture techniques, 


Starting salary £7,190-£7,630 pa 
plus £1,186 pa London Allowance. 


Informal enquiries to Dr R Mason, 
01-748 2040 ext 2604/2841, 


Applications should include a full 


curriculum vitae and the names and, 


addresses of two referees, to be sent 
to The Secretary, Charing Cross 
The 
Reynolds Building, St Dunstan’s 


Road, London W6 8RP, by 20th. 


June. (2132)A 


THE PAPUA NEW GUINEA | 
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THE UNIVERSITY OF 
BIRMINGHAM ` 
FACULTY OF MEDICINE 
AND DENTISTRY 


DEPARTMENT OF CANCER 
STUDIES 


POST-DOCTORAL CERL 
BIOLOGIST/ “ 
IMMUNOLOGIST 


A vacancy exists for a post-doctoral 
scientist with experience in cell 
biology/immunology to join a 
research group studying cellular 
transformation by the Epstein-Barr: 
virus. The project, which will be car- 
ried out in the Department’s new 
laboratory, is funded for up to three 
years by the Cancer Research Cam- 
paign. The position is available im- 
mediately, although consideration 
may be given to applicants who are 
completing postgraduate work later 
this year. Further details are available 
from Professor A B Rickinson of the 
above Department (021) 472 7607. 


Salary on scale Research Fellow 141 
£7,190-£11,615 with superannuation! 


Applications (three copies) W 
names of two referees to Assist 
Registrar, Medical School, Birm 
ingham, B15 2TJ by 14th June 1984... 
Quoteref: RF/CS/Imm. (Q095)A 




















UNIVERSITY OF LONDON 
CHAIR OF | 
PHARMACOLOGY AT THE 
UNITED MEDICAL AND - 
DENTAL SCHOOLS OF 
GUY’S AND ST THOMAS’S 
HOSPITALS 
The Senate invite applications for the 
above post. Applications (11 copies) 
should be submitted to the Academic 
Registrar (N), University of London, 
Malet Street, London WCIE 7HU, 
from whom further details should 
first be obtained. Closing date for 


receipt of applications is 8 Ji 
1984, Gn 







UNIVERSITY OF 
NOTTINGHAM 
SCHOOL OF AGRICULTURE 


Sutton Bonnington, 
Nr Loughborough 


TECHNICIAN GRADE 3 
Applications are invited for the 
above post within the Department of 
Physiclogy and Environmental 
Science. 


The work mainly involves the 
assessment of hormone-producing. 
capacity of ovarian tissue under 
various physiological conditions 
using radioimmunoassay techniques, 
preparation of ovarian tissue for 
histology and assistance with in vitro 
tissue culture. Maintenance of a 
small suite of laboratories serving a 
Research Group is part of the routine 
duties. 


This research funded post fo ne 
year in the first instance, and possibly. 
renewable, has a current salary scale 
£5,151 to £6,035 per annum for a 
5-day, 37-hour working week. | 


Write or telephone the Assistant 
Registrar at the School (Kegworth: 
2386) for an application form 
quoting Post Ref. 84/7. QH2A - 













| UNIVERSITY OF 
CULTY OF MEDICINE 
-AND DENTISTRY 


` DEPARTMENT OF CANCER 
a STUDIES 


4POST-DOCTORAL 
ECULAR BIOLOGIST/ 
VIROLOGIST 


A. vacancy exists for a post-doctoral 
scientist with experience in molecular 
biology/virology to join a research 
group studying cellular transforma- 
tion by the Epstein-Barr virus. The 
project, which will be carried out in 
the Department’s new laboratory, is 
funded for up to three years by the 
Cancer Research Campaign. The 
position is available immediately, 
although consideration may be given 
to applicants who are completing 
postgraduate work later this year. 


<- Salary on scale Research Fellow 1A 
£7,190-£11,615 with superannuation. 


_ Further details are available from 
Professor A B Rickinson of the above 
Department (021) 472 7607. 


plications (three copies) with 
of two referees to Assistant 
tistrar, Medical School, Birm- 
ingham, B15 2TJ by 14th June 1984. 
Quoteref: RF/CS/Vir. (2094)A 
















POSTDOCTORAL RESEARCH 
POSITION: Available immediately 
for recent PhD or MD with a strong 
background in molecular 
biology/genetics of animal viruses. 
Candidates with excellent academic 
records, some experience in DNA 
technologies including cloning and a 
strong interest in tumor virology will 
be given preference. Please send 
résumé, abstract of the thesis along 
with other evidence of scholarly pro- 
ductivity, and the name and tele- 
phone numbers of three referees to: 
Nurul H Sarkar, PhD, Memorial 
Sloan-Kettering Cancer Center, 1275 
York Avenue, NY 10021, USA. 

a (NW541)A 







MPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 

BIOPHYSICS SECTION 
RESEARCH OFFICER 


for protein crystallization studies. 
Our work on the crystal structure of 
enzymes, especially of modified 
enzymes created by protein engin- 
eering, demands greater effort in 
protein crystallization. We seek an 
applicant with an understanding of 
the properties of protein molecules in 
solution, and with wide practical ex- 
perience in protein chemistry. A good 
honours degree in Biochemistry, or 
the equivalent, and some years post- 
graduate experience in relevant work 
are expected. An applicant for part- 
time work would be considered. 


~The appointment will be in the 
ORS IB range £6310-£9875 + £1186 
London Allowance, and will be 
fusgded by MRC to August 1987 in the 
nstance. 


“Applications, including a CV and 
the names of two referees, should be 
addressed to Professor D M Blow, 
FRS, Blackett Laboratory, Imperial 
College, London SW72BZ. > 












MONASH UNIVERSITY 
Melbourne, Australia 


DEPARTMENT OF BIOCHEMISTRY 


FIXED-TERM LECTURER 
(3-5 YEARS) 


Postdoctoral graduate to teach | 


science or medical students and par- 
ticipate in ongoing research pro- 


gramme into physical biochemistry | 
Candidates | 


of connective tissues, 
should have a general background in 
biochemistry/chemistry with 
research experience in techniques of 
physical biochemistry. Applicants 
with experience in polymer research 
preferred, but this is not essential. 


Enquiries to Professor A W Lin- 
nane. 


Salary: $A24,353—$A31,994 pa. 


Applications including Ref no 
30212, curriculum vitae and 3 
referees to the Registrar, Monash 
University, Clayton, Vic 3168, 
Australia, with a copy to the 
Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF, by 1/8/84, from whom 
Conditions of Appointment avail- 
able. 


An equal opportunity employer. 
(W1003)A 


THE UNIVERSITY 
OF NORTH CAROLINA 


DEPARTMENT OF 
MICROBIOLOGY AND 
IMMUNOLOGY 


RESEARCH ASSOCIATE 


Available immediately for 
postdoctoral scientist to participate 
in studies of pathogenic RNA virus 
gene expression and function using 
recombinant DNA technology. 


Send curriculum vitae and 3 letters 
of reference to Dr GW Wertz, 
Department of Microbiology & 
Immunology, University of NC, 
Chapel Hill, NC 27514. 


The University of NC is an Equal 


Opportunity/Affirmative Action | 


Employer. (NWS546)A 


UNIVERSITY OF WARWICK 
LECTURESHIP IN 


BIOTECHNOLOGY (PLANT | 


BIOCHEMISTRY) 


Applications are invited for a lecture- 
ship in the Department of Biological 
Sciences from persons with a PhD in 
biochemistry, genetics, or related 
subjects interested in applying 
modern biochemical techniques, es- 
pecially recombinant DNA tech- 


nology, to study the expression of | 
genes for plant proteins especially 


with the aim of producing mutant 


forms of toxic and allergenic | 


proteins. The appointee will be 


expected to develop his or her own | 


research programmes and to teach in 
undergraduate courses. Initial salary 
will normally be within the first six 
points of the Lectureship scale: 
£7,190 — (£9,425) —- £14,125 pa. 
Further particulars and application 


forms from the Registrar, University | 


of Warwick, Coventry CV4 7AL 
quoting Ref. No: 42/A/84/O. 


| Closing date for receipt of appli- 
A cations 15th June, 1984, (2148)A 


















Research Scheme. 


systems. 





IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 


Applications are invited for a 
POST-DOCTORAL 
RESEARCH 
ASSISTANTSHIP 
in molecular biology for work on the 
development of plant gene vectors 
from virus replicons, involving DNA 
cloning and sequencing, transcrip- 
tional involving DNA cloning and se- 


ASSISTANTSHIPS 


UNIVERSITY OF GLASGOW 
Department of zo 
Electronics and Electrical Engineering E a 


Research Assistantships (JOERS) 


Applications are invited for three Research Assistantships supported by IO 
S.E.R.C. on research grants awarded under the Joint Optoelectronics 


1. LiNbO, Integrated Optical Devices: to work on novel 
optoelectronic switching and modulation devices for operation at 
microwave and millimetre wave frequencies, with applications in high- 
capacity optical fibre telecommunications and microwave radar 


2. Modular Beam Epitaxy of IH-V Semiconductors: for 
applications in advanced optoelectronic device structures. 

3. Coherent Optical Signal Processing: applied to the homodyne 
receiver. Modelling, theoretical analysis and experimental assessment 
of various types of optical homodyne phase-locked loops using 
frequency, phase and amplitude modulated signals. 

Those appointed will join an established research group with excellent 
support facilities, and will work in close co-operation with the academic 
and industrial partners in each JOERS project. Applicants should 
possess a Ph.D. or have equivalent research experience in electronic 
engineering, physics or materials science. Starting salary up to £9,875 
(under review) on the 1A scale for research staff. The posts are tenable 
for two or three years in the first instance, subject to satisfactory. $ 
progress. Applications (3 copies) stating qualifications and experience E 
and naming two referees, to: Dr. P.J.R. Laybourn, Department of- 
Electronics and Electrical Engineering, University of Glasgow; 612800 i 


from whom further particulars of the posts are available. 




































quencing, transcriptional mapping, ~ 
in vitro translation and plant cell — 
transformation. The appointment ` 
will be for 2 years from 1 October. ~ 
1984 with the possibility of renewal — 
for a further period. Salary in the. 
range £8376-£9716 including London .... 
Allowance. i 


Applications, with names of two 


referees, to Dr KW Buck and DrRH © 


A Coutts, Department of Pure and 
Applied Biology, Imperial College, | 
London SW7 2BB. (2121)P 











FELLOWSHIPS 
UNIVERSITY OF FREIBURG tides in CNS and CSF. 

Applications are invited for a Mae PESEE PAPAE | 
POSTDOCTORAL should be sent to: Dr H Cramer, 
FELLOWSHIP IN Professor, Section on Neurochem=. 

NEUROCHEMISTRY istry, Department of Neurology, 


to study metabolism of neuropep- 


Hansastr 9, D-7800 Freiburg, West 
Germany. (W1007E 





FRIEDRICH MIESCHER-INSTITUT 


Basel, Switzerland 


POSTDOCTORAL FELLOWSHIP IN 
PROTEIN BIOCHEMISTRY 


Applications are invited for a postdoctoral position to study protein 
interactions involved in blood coagulation. It is envisaged that a wide. 
range of techniques will be used, e.g. protein modification, bindingand § 
kinetic studies. Experience in protein purification together with protein # 
chemistry of enzymology is desirabie. 

The position is available immediately for a period of one year with the 
possibility of renewal for a further two years. <a 
Applications, including curriculum vitae and the names of two $ ~ 
referees should be sent as soon as possibile to Dr. S.R. Stone, $ 
Friedrich Miescher-Institut, P.O. Box 2543, CH-4002 Basel, E = 


Switzerland. 
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FELLOWSHIPS continued 










UNIVERSITY OF GUELPH 
UNIVERSITY FELLOWSHIPS 


The College of Biological Science is enlarging its Research and 
Graduate Programs and invites applications from individuals interested 
in competing for NSERC University Fellowships. Candidates are 
reminded that they would be eligible for consideration for any tenure 
track position available following their appointment. 


BOTANY 
Growth and development of plants 


MICROBIOLOGY 

Bacterial cell envelope structure and function 
Physiology of fish pathogens 

Fermentation technology 

Molecular biology of virus reproduction 


MOLECULAR BIOLOGY & GENETICS 

Cell and molecular biology of gene expression 
Developmental biology 

Genetic recombination 


NUTRITION 
Nutritional immunology 
Nutritional toxicology 
Food toxicology 


ZOOLOGY 
Comparative physiology particularly in marine systems 
Fisheries ecology 


SCHOOL OF HUMAN BIOLOGY 

Human physiology 

Physical anthropology 

Ergonomics 

Human biomechanics/ bioengineering 

Successful candidates would have the opportunity of participating in 
both the undergraduate and graduate teaching programs. 


Applications, including a curriculum vitae, and the names of 
three referees should be forwarded, by August ist, to: 


Bruce H. Sells, PhD 
Professor and Dean 
College of Biological Science 
University of Guelph 
Guelph, Ontario 
Canada N1G 2W1 


In accordance with Canadian immigration requirements, priority will be 
given to Canadian citizens and permanent residents of Canada. 
(NW545}E 


UNIVERSITY OF 
EAST ANGLIA 
Norwich 


RESEARCH 
FELLOWSHIP IN 
CHEMISTRY 
(NUCLEAR MAGNETIC 
RESONANCE) 


Applications are invited for a two- 
year Research Fellowship in 
nuclear magnetic resonance, to 
be held in the School of Chemical 
Sciences. Applicants should have 
experience of modern NMR 
methods of post-doctoral level. 
| The emphasis of that experience 
should be in physical chemistry. 
The post will also involve some 
lecturing duties. The post is on | 
the Research and Analogous 1A 
scale, at or below the fourth point 
{currently £8530 per annum). 


-E Applications should be made 
@to Professor R K Harris, 
‘School of Chemical Sciences, 
- g University of East Anglia, 
 # Norwich NR4 7TJ, and should 
= F include a curriculum vitae, list | 
fof publications, and the | 
‘names and addresses of two 
academic referees. The 


coe June 1984. The | 
: fs appointment may commence | 
-. gon 1 October 1984. 

of. (2141)E 











































ESF PROGRAMME OF 
RESEARCH 


FELLOWSHIPS IN 
TOXICOLOGY (PGT) 


Short-term (up to 6 months) and 
| Long-term 


| June 1984) and Short-term (up to 1 
month) Visiting Fellowships (no 
| deadline) are offered to scientists 
working in European laboratories to 
go to laboratories in other European 
countries. No condition of age, 


furthering research in 
TOXICOLOGY in Europe. 


can be obtained from: Dr. Bernard 
Munsch, European Science 
Foundation, 1, quai Lezay- | 
Marnésia, F- 67000 STRASBOURG, 

France; tel. (88) 35.30.63: 
890440. 


(W1005)E 





Please mention 


nature 


when replying to 
these advertisements 





{6 to 12 months) | 
Research Fellowships (deadline: 30 | 


level or field of training, provided | 
the project contributes to} 


Information and application forms | 


telex | 





STUDENTSHIPS 
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UNIVERSITY OF UNIVERSITY OF 
NOTTINGHAM NOTTINGHAM 
SERC RESEARCH SCHOOL OF AGRICULTURE. - 
STUDENTSHIP IN PLANT Food Research a 
ULTRASTRUCTURE Applications are invited foro 


Applications are invited for a SERC 
Quota Research Studentship, to 
work on the ultrastructure of 
embryogenesis and seed formation in 
Arabidopsis, in the Department of 
Botany under the supervision of Dr L 
G Briarty, starting on October 1, 
1984. The work forms part of a 
project being carried out with the 


European Space Agency on the | 


effects of microgravity on cell ultra- 
structure and development. 


Applicants should have, or expect 
to obtain, a first or upper second class 
honours degree in Botany, Biology or 
a related field, and some experience 
of electron microscopy. Requests for 
further information, and 
applications with the names of two 
academic referees, should be sent as 
soon as possible to Dr L G Briarty, 
Department of Botany, University of 
Nottingham, University Park, 
Nottingham NG7 2RD. (2100)F 





UNIVERSITY OF STIRLING 


DEPARTMENT OF 
BIOLOGICAL SCIENCE 


SERC CASE STUDENTSHIP 


Applications are invited for a three 
year PhD studentship to work on the 
changes of stomatal behaviour 
during the course of a growing 
season. The study will involve some 
field work and also physiological and 
biochemical investigations. The 
award is held co-operatively with Dr 
H G Jones of East Malling Research 
Station and will commence in 
October 1984. 


Applications, enclosing a 
curriculum vitae and the names of 
two referees should be sent to Dr CM 
Willmer, University of Stirling, 
Department of Biological Science, 
Stirling FK94LA. (2Z137)F 





UNIVERSITY OF OXFORD 
DEPARTMENT OF HUMAN 
ANATOMY 
MRC RESEARCH 
STUDENTSHIPS 


Applications are invited from 
students possessing, or expecting to 


possess, a good Honours (First or | 


Upper Second) degree for student- 
ships in the following areas: 


1) Intracellular calcium and the 
regulation of solute transport by 
small intestine (Dr C A R Boyd) 


hormone gene expression in mutant 


mice using recombinant DNA tech- | 


nology (Dr H M Charlton) 


3) Pattern formation in the 


developing nervous system (Dr T J | 


Horder) 


Applicants should forward a letter 
of application with a full curriculum 


vitae and the names of two referees to | 


Dr S Bradbury, Acting Head of 
Department, Department of Human 
Anatomy, South Parks Road, 
Oxford OX] 3QX by Monday, 4 
June. Interviews of selected 
candidates will be held on 
Wednesday, 13 June. (2114)F 





TWO RESEARCH 
STUDENTSHIPS 


(1) A CASE studentship to wor! 
on protein/polysaccharide inter 
actions in extruded food products. 

(2) A MAFF sponsored student 
ship concerned with the relationshi 
between the viscoelastic behaviou 
and mouthfeel of modified stare! 
solutions. 


The people appointed will forn 
part of a multidisciplinary tean 
working on various aspects of fooi 
biopolymers. 


Applicants should have or expec 
to obtain a first or upper second clas 
honours degree in chemistry, foo 
science, physics or biochemistry. 


If you are interested, please writ 
to: Dr J R Mitchell, Department 0 


| Applied Biochemistry & Foor 


Science, School of Agriculture; Uni 
versity of Nottingham, Sutton Bon 
ington, Loughborough LEI2 SRE 
giving details of academic record ant 
the names of two referees. It would bi 
helpful if you state your preferrec 
research topic. Qu ake 








UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOCHEMISTRY 


MRC/SERC 
POSTGRADUATE 
RESEARCH STUDENTSHIPS 
FOR OCTOBER 1984 


Following an increased number oi 
awards from both the MRC anc 
SERC, the Department invite! 
further applications in one of 
following areas from persons 
expect to graduate with at least ‘ar 
upper Second Class Honours Degree 
this Summer. 





1. Role of protein phosphoryla- 
tion in Insulin and Growth factor 
action; Cloning of protein kinases 
and protein phosphatases (Dr D G 
Hardie, Dr P T Cohen, Professor P 
Cohen). 


2. Control of bacterial gene 
expression at the level of DNA ter- 


| tiary structure (Dr D J Lilley, Dr C F 


Higgins). 
3. The formate hydrogen lyase 


| system of E Coli (Dr D G Boxer). 
2) An analysis of gonadotrophic | 


4. Characterisation of proteins of 
the human neutrophil cell surface 
using monoclonal antibodies (Dr M 
Kerr). 


5. Mitochondrial bioenergetics, 
mechanisms of theremogenesis in 


| brown fat regulation of calcium 


transport in synaptosomes (Or, JG 
Nicholls}. 


Applications indicating _ area’ of 
interest and containing the names 
and addresses of three referees 
should be sent to Professor P Cohen, 
Dept of Biochemistry, The 
University, Dundee DDI 4HN, | 
Scotland, as soon as os a 

(212F 




















UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF MEDICINE 
RESEARCH STUDENTSHIPS 


\pplitaNions are invited from can- 
lidates who have or expect to get a 
ood honours degree in Biochemis- 
ry, Pharmacology or a related disci- 
iline for studentships, funded for 3 
‘ears, which should lead to a PhD 
“he field of study would be concern- 
d with blood platelet behaviour and 
ts relevance to vascular disease. 


CV’s should be sent to either Pro- 
essor J R A Mitchell or Dr S Hep- 
install at the Department of 
Aedicine, University Hospital, 
Jueen’s Medical Centre, Not- 
ingham NG7 2UH. (2091)F 








UNIVERSITY OF 
© SOUTHAMPTON 
DEPARTMENT OF MICROBIOLOGY 
x. MRC RESEARCH 
STUDENTSHIP 






vork will combine the tech- 
liques of molecular genetics and 
nonoclonal antibodies in a study of a 
hosen human infection. Candidates 
hould hold or expect to obtain a First 


ir Upper Second Class degree in Bio- | 


hemistry, Microbiology or other 
elevant subject. Those interested are 
avited to contact Professor P J Watt 
ee (0703) 777222 ext. 


¿Applications giving a full curricu- 
um vitae and the names and ad- 
iresses of 2 referees should be sent to 
'rofessor P J Watt, Department of 
Aicrobiology, Southampton General 
lospital, Hants. SO9 4XY. Please 
uote Ref: N (2092)F 





UNIVERSITY OF 
ST ANDREWS 
RIMENT OF BIOCHEMISTRY 
SAND MICROBIOLOGY 
SERC STUDENTSHIP 


Applications are invited for a 
tesearch Studentship, tenable from 1 
Yctober 1984, from those who have, 








w expect to have, at least 2:1] 


donours Degree in Biochemistry or 
ther appropriate discipline. The 


tudentship could be held in one of | 


he following areas of research. 


Arrangement of Electron Com- 
yonents in bacterial membranes. 


‘ene expression in fungi and higher 
slants using biochemical and genetic 
ipproaches. 


yrotein and enzymes important in 


lisease processes including neuro- | 


'hemical studies. 


4. The molecular biology of 
idenovirus. 







names and addresses of two 
Fees should be sent within two 
veeks to Dr D Thirkell, Department 
xf Biochemistry and Microbiology, 
North Street, St Andrews, KY169AL 
tel: 0334 76161 ext 291) to whom 
‘urther enquiries may be addressed. 


(2138)F | 


applications with full cv | 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF MICROBIOLOGY _ 


TWO RESEARCH 
STUDENTSHIPS 


Applications are invited from can- 
didates who hold, or expect to obtain 


a First Class or 2i Honours degree for 


the following studentships: 


1. An SERC CASE studentship for 
three years to work on the relation- 
ship between the progress of 


O-acetylation of Staphylococcus | 


aureus peptidoglycan and f -lactam 
antibiotics. The student will be based 
in Liverpool and the academic 
supervisor will be Professor H R 
Perkins. A single period of at least 
three months will be spent working in 
the Glaxo Greenford Laboratories 
during the three year course. In 
addition the student will visit Glaxo 
not less than twice a year. 


2. An SERC studentship for three 
years to work on one of the following 
areas: encystment in Azotobacter 
vinelandii; exoenzyme production by 
Myxobacteria; physiology of 
thermophilic bacteria. 


Applications together with the 
names of two academic referees 
should be sent to The Registrar, The 
University, PO Box 147, Liverpool, 
L69 3BX. Quote Ref: RV/525/N. 

(2117)F 





OXFORD UNIVERSITY 


RESEARCH LABORATORY 
FOR ARCHAEOLOGY 


Carbon-14 dating using a 2 MV 
tandem accelerator, thermolumi- 
nescence dating, archacomagnetism: 
studentship(s) for DPhil research, 
suitable for physicists, chemists, 
earth scientists, anticipating a good 
honours degree. 


Details: Dr M Aitken or Dr R 
Hedges, 6 Keble Road, Oxford OX1 


3QJ, telephone 55211. (2082)F 
THE UNIVERSITY OF 
LEEDS 


DEPARTMENT OF BIOCHEMISTRY 
SERC-CASE STUDENTSHIP 


Applications are invited for a | 


studentship to study the regulation of 
plant gene expression by cell wall 


| fragments. The project will involve 
1. The Redox Chemistry and 3-D 


both structural analysis of bio-active 
oligosaccharides released from cell 


| walls and a study of the mechanisms 
2. The regulation of eucaryotic | 


through which their release causes 
alterations in gene expression. The 
student will be co-supervised by Dr D 


J Bowles at Leeds and Dr R Selven- | 
| dranat The AFRC Food Research In- 
3. The mechanism of action of | 


stitute in Norwich and it is antici- 
pated that the research will involve 
extended periods of practical work in 
both institutes. 


Applicants should have, or shortly 
expect to obtain a first or upper 
second class Honours degree in 
Biochemistry, Plant Biology or 
Chemistry. 


Informal enquiries may be made to 
Dr Dianna Bowles (Tel. (0532) 
431751 ext. 7506) to whom applica- 
tions with a curriculum vitae and 
names and addresses of two referees 
should be sent. (2087)F 


STUDENTSHIPS 

























possible. 


UNIVERSITY OF LONDON 
The Medical College of 
St Bartholomew’s Hospital 


SERC 
RESEARCH STUDENTSHIP 
IN MOLECULAR 
ENZYMOLOGY 


This Studentship is tenable for 3 years from 1st October, 1984 
for work on conformational mobility in Enzyme catalytic sites. 


Applicants should have, or expect to obtain this summer, a first 
or upper second class honours degree in Biochemistry or 
Chemistry and should have an interest in Enzyme reaction | 
mechanism studied by protein modification, stopped-flow E 
| kinetics, isotope inventory studies and spectroscopic E 
techniques. Curriculum vitae and the names of two referees | ee 
should be sent to Dr K Brocklehurst, Department of | 
Biochemistry, Medical College of St. Bartholomew's Hospital, 1E 
Charterhouse Square, London, EC1M 6BQ, as soon as iE 


(2140)F | 














UNIVERSITY OF BIRMINGHAM 
CASE STUDENTSHIP 


‘The role of the autonomic nervous system 
l in the control of the elasmobranch gut’. 
Jointly supervised by Professor J.Z. Young (M.B.A. Plymouth) and 
Dr. E.W. Taylor. 
Applicants must obtain a 1st or 2(i) degree in Zoology or Physiology. 
Full c.v. with 2 referees urgently to Dr. E.W. Taylor, Department 
of Zoology, The University of Birmingham, Birmingham B15 2TT 


(2079)F 





UNIVERSITY OF READING 


DEPARTMENT OF PURE & APPLIED 
ZOOLOGY 


NERC (CASE) 
STUDENTSHIP WITH 
INSTITUTE OF 
OCEANOGRAPHIC 
SCIENCES (IOS) 


Quantitative ecology and associated 
inorganic chemistry of deep benthic 
Foraminifera. 


A three year studentship to study 
the distribution of deep-sea benthic 
Foraminifera in the North Atlantic 
both locally within the sediment and 
more widely at different bathymetric 
depths. Shipbased field work will be 
carried out in conjunction with the 
IOS where the subsequent faunal 
analysis will be carried out. Scanning 
and transmission microscopy and 
X-ray microanalysis of specimens 
will be carried out at the University of 
Reading. 


Applicants (who should hold, or 
expect to gain, an upper second or 
first class degree in a suitable 
Biological discipline) should send a 
cv including the names of 2 referees to 
Dr AR Jones, Department of Pure & 
Applied Zoology, University of 
Reading, Whiteknights, Reading, 
RGG2AI. 


(2097)F | 1984. 


UNIVERSITY OF ABERDEEN 


DEPARTMENT OF PATHOLOGY 
SERC CASE STUDENTSHIP © 


Applications are invited from 

candidates expecting to obtain or 
having a first or upper second class 
honours degree in basic science witha 
strong immunological component 
for a SERC CASE STUDENTSHIP 
leading to a PhD for 3 years from 
October, 1984. The successful candi- 
date will study some fundmental 
aspects of the interrelationship 
between the coagulation system and 
cell-mediated immune reactions that 
are of importance in organ graft 
rejection and rheumatoid arthritis. 
The work will also involve evaluation 
of the effects of selected anti-inflam- 
matory agents in disease processes. 


The student will be based in Aber- 
deen but will spend some weeks each 
year at the Ciba-Geigy Research 
Centre, Horsham, West Sussex (Dr 
M K Jasani). Further details may be 
obtained from the academic super- 
visor, Dr A W Thomson, Depart- | 
ment of Pathology, University of 
Aberdeen, Medical School, Forester- | 
hill, Aberdeen AB9 2ZD (0224) > 
681818 extn 2851 to whomacurricu- 
lum vitae with the names of two `- 
referees should be sent by 14 June _ 
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SEMINARS and SYMPOSIA 


Topic and Schedule Change 





COLD SPRING 
HARBOR 
LABORATORY 


The POLYPEPTIDE HORMONES* meeting, formerly 
scheduled for August 28 through September 1, 1984 
{Organizers J. Feramisco, O. Rosen, R. Ross) 
is NOW 


GROWTH FACTORS AND 
TRANSFORMATION 
September 19-23, 1984 
James Feramisco, a oe Harbor Laboratory 


Brad Ozanne, University of Texas Health Science Center 
Chuck Stiles, Dana Farber Cancer Institute 


There will be sessions on Phosphorylation, Oncogenes and 
Growth Factor Receptor Systems (EGF, TGF, PDGF. 
lymphokine, and insulin}. 


* A Polypeptide Hormones Meeting will be held in 1985. 


For registration information please contact: 
Meetings Coordinator 
Coid Spring Harbor Laboratory 
P.O. Box 100 
Cold Spring Harbor, 
New York 11724 


UNIVERSITY OF SURREY 
DEPARTMENT OF MICROBIOLOGY 
ONE DAY MEETING ON 
MYCOBACTERIAL 
INFECTIONS 
Wednesday 6th June, 1984. 


. Innate & Acquired Resistance — 
-- Immunodiagnosis — Immunisation 
. ~~ Control. 


=- Speakers: Dr J Stanford, Dr G 
Rook, Dr L Poulter, Dr C Brown, Dr 
J Brown, Dr J Colston. 


Further details: D J Langley, 
Microbiology, University of Surrey, 
Guildford,GU25XH. = (2119)M 


LECTURES 











LUNTEREN LECTURES ON 
MOLECULAR GENETICS 


LUNTEREN, THE NETHERLANDS, 
2-5 Oct. incl. 1984 


The meetings will deal with aspects of “strategies in vaccine 
development”. ’, For further information, please write to: 
| _TNO Corporate Communication Department, 
7 P.O. Box 297 
2501 BD ‘S Gravenhage, The Netherlands, 
Attn. Prof. A. Rorsch. 





MISCELLANEOUS 


MAYNE TRANSLATING 
SERVICES LTD. 


Translations from and into most 
languages, all subjects. 
Competitive prices for expert 
work. 


9 Beresford Court, Park 
Road, E. Twickenham, 
TW1 2PU. Tel: 01-891 1984. 


APPOINTMENTS WANTED 


advertise your qualities and qualifi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of 50 cents a 
word. (Personal Box Number: 
$10.00). 

Advertisements must be pre-paid and 
sent to: Nature Classified (Appts 
Wtd), 15 East 26 Street, New York, 
NY 10010. (890)B 
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INTERNATIONAL WORKSHOP 
The Application of Molecular Biology to. 
the Nervous System 


LADY MARGARET HALL, 


OXFORD 


23-25 September 1984 


ORGANISERS: E.A. Barnard, M.R. Hanley, 


J.F. Jackson 


Department of Biochemistry, Imperial College, London 


SW7 2AZ, UK 


TOPICS: Molecular genetic and complementary biochemical 
and immunological techniques applied to receptors, ion 
channels, neurotransmitters, neural structural components, 
and nervous system development 


SPEAKERS: 

M. Ballivet (Geneva) 

E. Barnard (London) 

H. Betz (Heidelberg) 

J. Brockes (London) 

J. Changeux (Paris) 

D. Chikaraishi (Boston) 
R. Craig (Londen) 

C. Gorman (London) 

R. Greenspan (Princeton) 


C. Henderson (Geneva) 

E. Kandel (New York/ 

U. Littauer (Rehovot) 

J. Mallet (Paris) 

M. Raff (Londen) 

H. Soregq (Rehovot 

A. Strosberg (Paris) = 
H. Thoenen (Martinsried) zd 
A. Ullrich (San Francisco} 

C. Venter / Buffalo} © 7 


The meeting will be a residential workshop limited to 65 parti cipant 
Topics will be reviewed by invited speakers and will provide the bas 

for general discussions. Applications should be sent, with ashort P 
statements of recent research, to Professor E.A, Barnard (marking ae te 
the envelope “EMBO Workshop’ ‘) before 1 July 1984. A number of $ 
places are reserved for postdoctoral workers and limited funds are 
available for support. The registration fee is £100, payable on 
acceptance, and will provide full board and accommodation for four 


nights, conference dinner, and reception. 








(2136)V_f] 


CONFERENCES and COURSES 





INSTITUTES OF 
PSYCHIATRY, NEUROLOGY 
AND OPHTHALMOLOGY 
(British Postgraduate Medical 
Federation, 
University of London) 

This isa ONE-YEAR Course leading 
to the degree of MSc in Neuro- 
chemisiry. It offers graduates in 
science and medicine training in basic 
and applied neurochemistry. The 
Course consists of lectures, seminars 
and laboratory work and, in the 


second and third terms, research on a 
neurochemical topic. | 


Applicants should have a Firs or 
Second Class Honours degree in Bip- 
chemistry or a cognate subject, or he 
medically qualified. Application for 
the Academic Year October 
1984-July 1985 should be addressed. 
to the Secretary, Course in 
Neurochemistry, Department of 
Biochemistry, Institute of 
Psychiatry, De Crespigny Park, 
Denmark Hill, London SES BAF. 
England. (2086)C 
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UNIVERSITY COLLEGE, 
LONDON 
SCHOOL OF MEDICINE 
PART TIME COURSE IN 
TOXICOLOGY 
A course is toxicology consisting of 
lectures and practical classes will be 
given weekly for 30 weeks, on Wed- 
nesdays at 1600-1900 hours, starting 
on 26th September 1984. 


A broad treatment of topics in toxi- 
cology will be presented, inchiding 
basic histopathology, biochemical 
and genetic aspects and method- 
ology. Regulatory aspects of 
toxicology will also be discussed. The 
course is intended (1) for graduates 
with some experience in a relevant 
field; (2) for postdoctoral and other 


a Typesetting: J.W, Arráwsmiih Lid, Bristol and Outline Graphics Lid., London EC4Y OHP. Printing: Kingsdale Press, Reading, Berks, member of the St. Ives Group, in association with Godfrey Lane T 
en _ London = IR 4EB and The Willam Byrd Press inc., Richmond, Virginia, ISA. Published by MACMILLAN JOURNALS LTD, 4 Little Taer Street, London WCIR ALF. ee ~ 24 mip 1984. l 


scientists wishing to broaden their 
knowledge of toxicology, 


The fee for the 30 week course is 
£500. Numbers will be restricted toa 
maximum of 25 participants. Some 
assisted places where all or part of the 
course fees are waived are available to 
suitable applicants whose fees are not 
paid by their employer (e.g. persons 
working in Universities or similar 
institutions and holding non-tenured 
posts). Further details and appli- 
cation forms may be obtained from: 
Dr I C Shaw, Laboratory of Toxi- 
cology and Pharmacokinet} 
University College London, 5 5 


England. 01-388 2411 ext 276. 


Closing date for DAE 
July 1984. 















_ The Degree of Difference... 





That Makes All The Difference in 
Recruitment Advertising Response 


When your organization sets out to recruit highly 

_ experienced life scientists, you want to reach employed 
professionals who are working at the leading universities and 
corporate research laboratories across the country and 
around the globe. Typically, these individuals time is so 
precious that they can only read a limited number of scientific 
journals. 


What better place to concentrate your recruitment 
advertising than in the world’s most respected journal of 
scientific research ... Nature enjoys intensive readership 
among more than 250,000 scientists around the world. By 
| concentrating its editorial at the Ph.D level you are assured 
ag of reaching only the top prospects. 


_ Nature’s competitive rate structure and fast closing will 

- enable you to lower your cost per hire and fill vital positions 
-= weeks quicker than in the past. If you want to reach more 

- Ph.D’s advertise in the publication they read more often. 








Reduce __ 
Contamination Risk! 


As a large scale producer of tissue culture cells and currently using roller bottles, you will be aware of the 
relatively high contamination rate associated with this method. 

You can minimize the contamination rate by changing to the Nunc Cell Factory. 

The Nunc Cell Factory is a sterile unit designed for the large scale production of cells. During filling 
and incubation ventilation takes place through a bacteriological filter, which ensures the sterility of the unit. 

Compared to roller bottles the number of handlings is drastically reduced, thereby the risk of 
contamination is minimized. 






Additional benefits: 


è More efficient utilization of 
incubator — requires only half. 
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How to get custom DNA or 
peptides from a telephone—Fast! 


Call Biosearch. 


Our business is synthetic 
DNA and peptide chemistry. 
And we've automated these 
chemistries to supply you 


with high quality, custom 


oligonucleotides and peptides 
for prices that will fit your 


budget and need for fast 
delivery. 


Custom DNA—Choose 
from three new pricing op- 
tions to suit your budget and 


requirements for speedy 


delivery. For example, save 
up to 25% on our regular 
price if you sequence your 
custom nucleotide. And fast? 
Depending on the option 
you choose, 








we can deliver a custom 
product within ten days! 


Custom peptides—We 
guarantee confidentiality, se- 
quence integrity, on-time 
delivery, and high purity at 







` >- ae 


very competitive prices. Each } 
peptide is shipped with com- 
plete analytical data for prod- 
uct verification. Call us with 
the sequence you need and 
we'll furnish a quote the 
same day. 


Additional discounts are 
available for multiple orders. 
So ...to get the best custom 
DNA or peptides from a 
telephone, 
call Biosearch. Today! 


800-227-2624 


Inside California: 
(415) 459-3907 












lIOSEARCH 


2980 Kerner Boulevard 
San Rafael, California 94901 
Telex: 703077 BIOSEARCH 
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The first peptide synthesiser incorporating the simplicity and high efficiency of the 
‘Fmoc-POLYAMIDE'’ solid phase method with the speed, economy and ease of operation- 

























@ Low cost 
è Exceptionally mild reaction conditions 


e as ia aga 


The Fmoc-Polyamide Method as P by L Dr. R.C. sheppard 
and his group replaces the customary polystyrene resin with a polar 
polyamide resin. This resin is freely permeated by polar solvents 
such as dimethylformamide which is a particularly good reaction 
medium for peptide synthesis. The use of Fmoc amino acids and 
t-butyl protecting groups avoids the repetitive and vigorous acid 
treatments required in conventional synthesis and considerably 
reduces the accumulation of byproducts. 


The Continuous Flow System for removal of excess reactants 
through a column is inherently more efficient than batchwise 

washing which is used in conventional peptide synthesisers. our 
continuous flow system has been designed especially for use with 
‘PEPSYN K’. This polyamide resin is held within the pores of an 
inert inorganic support which allows the rapid diffusion of 
reactants without generation of high back pressure. 


| The Continuous UV Monitoring of both the amino acid addition and 
the deprotection steps provides reassuring evidence that the 
©. synthesis is proceeding normally. 


Jon Readel Service Cards” 


of ; a CONTINUOUS FLOW SYSTEM. 


è Simple, rapid procedure 
@ Continuous UV monitoring of reaction progress 
è High product purity 





Pepsyn Reagents are provided as a complete range of high purity 
products prepared specially to ensure maximum success with the 
versatile Fmoc-Polyamide method. They include Fmoc amino acids 
and derivatised resins for the synthesis of free peptides, peptide 
amides and side chain protected peptides. 


Technical Support is based on highly successful and extensive use 
of the Fmoc-Polyamide method in our own laboratories. 


For further details please contact: 


Head (Mice and Laboratories, 
Cambridge Research Biochemicals Lid 
Bitton End Industrial Estate, 

Hasston, Cambridgeshire 

C82 SNA ENGLAND 

Tek Cambridge (0223) 871674 

Telex: 817694 CRBLTD G 


Cambridge Research Biochemicals Ltd, 
PO. Box SR, 1887 Park Servet, 

Allante Beach, New York 

11508. USA, 

Tek (346) 239 IBA 

Telex: 871298 
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Sensitive It Is. 
Radioactive It Isn’t. 


The DNA Detection System 
From BRL. 


Until now, only a radioactive label 
could provide the sensitivity required for 
detecting small quantities of DNA. 
with BRL’s new DNA Detection 


System—vyou can visualize even single copy 


iz day 


scenes without radioactivity. 


What the DNA Detection 
System is: 


Sensitive. Using this enzyme-based 
system, together with the nonradioactive 
label biotin-11-dUTP, vou can detect 2 to 5 
picograms of DNA. The key to this extra- 
ordinary ability is a polymer of alkaline 
phosphatase, which provides far greater 
sensitivity than horseradish peroxidase. 

Reliable. Only BRL provides pretested 
reagents for making DNA test strips on 
vour nitrocellulose. Developed beside 
vour filter, test strips act as an internal 
control, enabling you to monitor each 


ORL 


Bethesda Research Laboratories 
Life Technologies, Inc 
Gaithersburg, Maryland 20877, U.S.A 
Telex: 64210 RRL GARG UW 

The th ler: (SY) A TERG) 


" ` ua 
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visualization reaction. 

Easy to use. All the reagents in the 
system—biotinylated poly alkaline 
phosphatase, streptavidin, dyes, biotinyl- 
ated control DNA and DNA dilution 
buffer—are prescreened for use together. 
They are packaged in a convenient 
plastic container in which the filter can 
be developed. In addition, BRL’s DNA 
detection experts have compiled a clear, 
step-by-step instruction manual which is 
included with the system. Our scientists 
also can assist you when you call the 
BRL Tech-Line™. 

Flexible. You can label your DNA 
with biotin-11-dUTP and the nick trans- 
lation reagents or labeling protocol of 
your choice. Of course, if you choose to 
purchase BRL’s own Nick Translation 
Reagent System and our Biotin-11-dUTP, 
you can be assured of optimal results, 


Bethesda Research Laboratories Ltd. 

PO. Row 3 Postfach 210265 
D7500 Karlsruhe 2] 

FRG 


lel: 0721 7 


Bethesda Research Laboratories GmbH 


because they are completely qualified for 
use'with our companion DNA Detectic 
System. 7 
Rapid and inexpensive. Faster than 
autoradiography, the DNA Detection 
System actually costs less to use and 
requires no expensive equipment. 


What the DNA Detection 


System Isn’t: 


Radioactive. Used with biotin-1 1- 
dUTP, our system has none of the 
safety, stability and disposal problems 
associated with radiolabeling for auto- 
radiography. 


Ask for our brochure and try 
BRL’s DNA Detection 
System. You'll like it for wha 
it is—and for what it isn’t. 


Bethesda Research Laboratories SARI 
F45220 Herblay, | v > 
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Underwater Wotograph of the giant clam Tridacna 
maxima, Severa thousand eyes lic along the margin of 
the fleshy lobes or syphens which extend beyond the 
nals shell for maximum exposure to 
ly on page 446 describes the visual system 
ia and shows that some retinal cells contain 
hal are sensitive to ultraviolet light. (Photo: 
G. de Couet). 
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The problem 


Purification of proteins, peptides and nucleic acids 


still presents the biochemist with the problem of how 


to preserve high biological activity, get good resolu- 
tion, and do it fast. 


The answer 
A new separation mode — Hydrophobic Interaction 


‘Chromatography (HIC)—an aqueous system where 


salt gradients regulate the ability of the column 
matrix to retain biomacromolecules, and keep them 
active. Control interaction between the hydrophobic 


sites of a protein with the hydrophobic ligands of your 
packing material, and you've got the answer — HIC. 
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The facts 


LKB now introduces a new HPLC column that’s engi- 
neered to meet the special demands of hydrophobic 
chromatography. The UltroPac® Phenyl-5PW column 
eliminates all the problems caused by organic solvents 
provides mild separating conditions and ensures com- 
plete accessability even far biomacromolecules up to 
10 The result is outstandingly high biological activity. 
very fine resolution and fast chromatography. A 
Whatever your separation method, be it GFC, IEC, < 
RPC and now HIC, LKB’s comprehensive range of 
prepacked columns lets you select the technique most 
suitable for your sample. A complete choice. 
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.od you'll find it all in our new catalogue of HPLC 


slumns and accessories. Get yourself a copy— and get 
1e facts. 





Head office: LK B-Produkter AB, Box 305, 5-161 26 Bromma, Sweden 
Tel 08-98 00 40, telex 10492 


rain US sales office: LKB Instruments, Inc, 9319 Gaither Road, Gaithersburg, 
Maryland 20877. Tel 301-963-3200, telex 909870 (dom.), 64634 (intern.) 


UK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, 
Surrey CR2 8YD, England. Tel 01-657 8822, telex 264414 


ther sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhagen, 
Lucerne, Madras, Moscow, Munich, Paris, Rome, Turku, Vienna, Zoetermeer 
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Significantly increases recoverable monoclonal antibody 
yields through reduced interference from serum proteins. No 
more screening of serums for your hybridoma work. No more 
shifting between serum supplemented medium and serum 
free media during any of the steps of the hybridoma process. 

Now, thanks to the KC Wizard there is a true serum- 
independent low protein medium developed specifically 
for hybridoma work that you can use through all phases of 
hybridoma development and production. 

it's the unique KC 2000™, the only true serum-independent 
medium available today. ALL OTHER SO CALLED SERUM- 
“EREE” MEDIA REQUIRE SERUM TO WORK IN THE HY- 
BRID DEVELOPMENT PHASES, and it's one medium that 
really pays off in recoverable monoclonal antibody yields. 


KC 2000 offers these distinct advantages: 


è its serum-independent, for better definition, 
greater reproducibility, and less possibility of 
contamination by viruses and mycoplasma. 

è it's designed specifically for hybridomas, 
compatible with SP2/Ag 8.653, Ag14, 
and NS-1 cell lines, (See Technical } 

information Bulletin #24), and j 

works in all phases, including z E 

selection and subcloning. < WS 

KC 2000™ is also compatible 

with many other cell lines. 


-~ 
a 


`~ 


‘ 













è It's formulated and packaged for convenience, well- 
buffered so you can avoid possible contamination by 
using closed system incubation and constituted at a 1:9 
ratio for easier preparation and less chance for error. 
So, don't let those seductive little antibody snatchers 

reduce your recoverable yields. Discover the real serum- 

independent wizardry of KC Biological! For a copy of 

Technical Information Bulletin #24 and more information 

about KC 2000, contact: 


U.S. AND CANADA 
P.O. Box 14848 Lenexa, KS 66215 (913) 888-5020 Toll Free 
(800) 255-6032 Telex: 437055/kcbio lenx Facsimile: 913-888-7231 
EUROPE KC Biological Frankfurter Strasse 103 D-6096 
Raunhelm, W. Germany Tele. 06142/407-0 Telex: 4182131 KCBI D 
Facsimile: 06142-407-20 
ALL OTHER COUNTRIES: 

KC International P.O. Box 14848 Lenexa, KS 66215 
Tele: 913-888-5020 Telex: 437055/kcbio lenx 

Facsimile: 913-888-7231 


‘Patent applied for For IN VITRO use only. 


KC BIOLOGICAL is a registered trademark of KC Biological, Inc 


KC Biological 


A Subsidiary of Corning Glass Works 
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.  BioYeda. 


You know our products. 
Now get to know our 


name. 
A| 


4 he chances are excellent o enzyme and fluorescent labeled Bio-Yeda will continue to serve 











that you've already used antibodies; its clients with its full line of dia- 

some of Bio-Yeda’s more than 400 0 hormone and drug antisera; gnostic reagents and research pro- 
high quality immunochemical and} o standard and specialized im- ducts. The entire Bio-Yeda product 
related biotechnological products. | munodiagnostic agents, range will also be available through 
They are sold all over the world These and similar groups repre- | a network of Bio- Yeda Distributors 
under names you'd recognize on sent more than 400 off-the-shelf in key cities across the globe. 
any reagent shelf. And now, they'll | Bio-Yeda products—and the list is For further information and/or a 
be distributed under our own name | growing steadily. In addition, Bio- detailed Bio-Yeda catalog, call your 
as well: Bio-Yeda. Yeda is prepared to undertake cus- | nearest Authorized Bio-Yeda Distri- 

Bio-Yeda’s broad scope of pro- tom preparation of antisera, under | butor, or contact Bio-Yeda directly. 
ducts includes: Our OWN Name—or yours. @ 
0 polyclonal and monoclonal anti- Bio-Yeda is an independent sub- bioyeda 
bodies; sidiary of Yeda Research & Develop- Serving Science and Medicine 
a immunoglobulins and IgG sub- | ment company, of the Weizmann Bio Yeda Ltd. Kiryat Weizmann, 
classes; Institute of Science, with its own 76326 Rehovot, Israel 
o antisera to cytoskeletal proteins; | powerful R&D organization. Tel: 054 70425, Tlx: 361930 MIYED IL 
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Authorized Bio-Yeda Distributors: Austria: Biomedica M.B.H., Rennweg 2, A-1030 Wien. Belgium: Vel NV., Geldenaaksebaan 464, 3030 Leuven. West Germany: 
Renner GmbH, Riedstrasse 6, 6701 Dannstadt-Schauemheim 1. Italy: Technogenetics S.p.A., Corso Lombardia 16, 10099 S. Mauro Torinese, Torino. The N r 
Brunschwig Chemie bv, Butaanweg 8, Postbus 702134, 1007 KE Amsterdam. Sweden: AB Kemila Preparat, Tingsvagen 19, Box 609-191 26 Sollentuna. “~~ ( 
Switzerland: Bühlmann Laboratories, Hohe Winde Strasse 38a, CH-4024 Basel. an 
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The most complete line of kits, 
antisera and standards for 
prostaglandin measurement. 


Our Technical Service Staff is 
as near as your telephone 
1-800-343-1346. Our 
worldwide distributors are in 
every: oes a oS 


RIA SG 6004 100 tubes 
staglandin D 3H-RIA SG 6005 100 tubes 


ert see 

a Prostaglandin Fo. SH-RIA SG 6006 100 tubes 

ae | SG 6010 100 tubes 
[3 12-HETE 3H-RIA SG 6011 100 tubes 

 15-HETE 59H-RIA SG 6012 100 tubes 

| Prostaglandin E, SH-RIA SG 6013 100 tubes 
| Prostaglandin 

| Endoperoxidase '1-IRMA SG 6206 100tubes | 

| Thromboxane B, I-RIA SG 6221 100 tubes | 


SF Keto Prostaglandin Fra | : 
LRA” 86.6222 100 tubes | 





[Antisera to 
< | Prostaglandin F; 





Pros taglandin A 
12H SG 1011 

15-HETE SG 1012 tüm | 
| Cail to inquire about the availability of immuno- : 
| histochemical grade antisera: inside Mass. | 
i ANS OR outside Mass. TEOS: 










“Standards 
Prostagtandin A, 






1 mg 
Prostaglandin A, 1 mg 
Prostaglandin B, , img 
Prostagiandin 8, SG 2208 11mg 
Prostaglandin D; SG 2224 31mg 
Prostaglandin E, SG 2210 img 
Prostaglandin E, SG 2212 img 
Prostagiandin F,, SG 2214 img 
Prostaglandin Fy, SG 2216 1m9 
6-Keto: Prostaglandin F SG 2218 img 
Prostaglandin |, (Na sal) SG2220 1 mg 
Prostacyclin) 
Thromboxane SG 2222 img 
| 13,14-Dih dro-t 5-Keto 
‘ Prostaglandin F, SG 2226 81mg 
| 13,14 Dihydro-15-keto 
F Prostaglan din E, SG 2228 img 
cole. d. SHETE SG 2230 0.1 mg 
ooi 42-HETE SG 2232 Q1 mg 
| 18-HETE $6 2234 0.1 mg 


| 54 eragen, Ine. Street 
L S Toron: MA oana. 


E o E r nn ned 

















F T Sensitivity in 
Prostaglandin 
M casuroment eee 
Contact #1— 
Seragen 


125]-RIA Kits for: 


6-Keto Pros- 
| ; | din Fa 

100 Tubes 

Thrombox- 

ane B, 

100 Tubes 


offer you: 


Convenience— 


Assay & count in 
the same tube 


Sensitivity— 

Less than ipg/0.1 
mi sample 
Simplicity—Less 
chance for error 


Dependability— 
Fewer checks & 


i repeats 


Seragen is the world leader in 
measuring prostaglandins with 
the widest range of 7H-RIA 
kits, antisera and prostaglan- 
din standards. 


For complete technical infor- 
mation or service call toll free 
1-800-341-1346. In Mass. 
call (617) 265-6004. 


Full color wall chart of Prosta- 
glandin Biosynthetic Path- 
ways available free upon 
request. 





Seragen, Inc. 
54 Clayton Street 
Boston, MA 02122 
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Seragen's complete 











Worldwide 
Distributors 


Australia 
Fiow Laboratories, 140 Wicks Road, North 
À ‘trae SW., 2113 Australia, Tel: (02) 887 


Belgium 
Biolab, Rue de la Station 19, 1350 Limal, 


Canada 

Mande! Scientific Co., Ltd., 143 Dennis 
Street, Rockwood, Ontario NOB 2KO, Tel: 
(519) 856-9566 


France 

Flobio, 15, Rue AE On, 92400 
Courbevoie, Tel: 788.84.76 

Holland (The Netherlands) 

Amstelstad, b.v., Dennenlaan 34, Zwan- 
holier Tel: 02907-3451 

Zotal, Ltd., Div. of M. Zohar & Co., PO. 
Box 91042, Tel-Aviv, Tel: (03) 797760 


italy 
Medical Systems SPA, Via Lagusten 


J 18622 16131 Genova, Tel: 010/394722, 


wie Pure Chemical industries, Ltd., 10 
Doshamachi 3 Chome, Hi ashi-Ku, 'Os- 
aka, 541, Tel: (06) 203-37: 1 

Malaysia & Singap 

General Scientific C "Sdn. Bhd., 7, Jalan 
222, Section 20A, Petaling Jaya, Selangor, 
Tet: 775433 

New Zeaiand 

McGraw Ethicals Ltd., 11 Donnor Place, 
Mount Wallington, PO. Box 18-069, Glenn 
Innes, Auckland 6, Tel: 64-9-579. 049 


Norway 
A. onan & Co. sk ee Vei 1, 
Oslo 2, Tel: (02) 55 3 


Scandanavia 

Denmark & Finland but not Sweden), 
indanavian Medical Services APS, Box 

115, 2970 Hoershoim, Denmark 


South Africa 
Benmore Hospital Sup er BG. 5 Kramer 
Road, Kramerville Sandton, P.O. Box 659 
Bergviei, 2012, Republic of South Africa 


Spain 
Atom, S.A., Paseo del Monte, 18, Bar- 
celona 24 


Sweden 

Axei Johnson Instrument AB, P.O. Box 
1365, S-17126 Soina, Tel: 46.8734 05.40 
Switzerland 

Buhimann Laboratories, Ltd., Hohe 
en 38-4024, Basel, Tel: 061-35 24 


Taiwan 

Sagacious Trading Co., Ltd., 1F, Lane 22, 
Chilin Road, ee Taiwan, Republic of 
China, Tel: (02) 

United Kingdom of ae Britain and 
Northern Ireland, 

Metachem Diagnostics Ltd., 29 Forest 
Road, Piddington Northampton NN72DA, 
Tel: (0604) 870370 


is Me Inc. 
| 54 Clayton Street 
i Boston, MA 02122 











INTRODUCING 


‘Centricon 


THE INGENIOUS NEW DISPOSABLE 
MICROCONCENTRATOR 





1. Fast 2. Simple 3. Efficient 


Pipette your 1-2ml sample Then invert the top half You get high recovery. Desalting or 
into the top reservoir and spin in and spin again briefly. That brings buffer exchange is performed in the sar 
a centrifuge. That concentrates your retentate out where you Centricon simultaneously with concen- 
the sample down to 25-40! want it— perfectly accessible tration. And all with no special equipmer 
in less than one hour— with no in the cone-shaped cup. no awkward procedures, no cleanup. 
4 danger of spinning to dryness. Centricon is disposable. 


Centricon is ideal for concentrating sme 
biological samples containing proteins, 
peptides, nucleic acids, viruses, bacteric 
and other macromolecular solutions. 
Send for the complete story 
on this unique new timesaver. Or call 
Technical Service: 800-343-1397. 





amicon 


Sey Systen Danvers. MA 0192 
Patent Pending To order call 800-342-0696 (In MA and international'617-777-4551 





Stormy [) VISICO Cherry 4, Di Us 


50 fold increase in sensitivity compared 
with any existing colorimetric enzymatic 
detection system 


Most sensitive detection complex com- 
mercially available 


Visualization within three hours 


A replacement for |'* in protein iodina- 
tion when used in conjunction with 
N-hydroxy succinimide biotin ester 
(EAB-406) 


Detek |-acp is sold exclusively by Enzo 
Biochem 











with 


A preformed streptavidin enzyme complex 
for visualization of biotinylated DNA 


or 
biotinylated protein 


Ces 


ENZO BIO-PROBE” 
Enzymatic Cat. No. EBP-821-1 


Detek l-acp ¥ 





Patent Pending 








BIOSYSTEMS UPDATE 


A New Approach to Automated Peptide Synthesis 


Applied Biosystems is pleased to announce 
the first instrument designed for high effi- 
ciency peptide synthesis. The key to the high 
coupling yield of the Model 430A Peptide 
Synthesizer is an activation unit which 
converts the amino acid to a very efficient 
acylating species immediately prior to the 
coupling step. The defined protocol has 
been optimized for general peptide synthe- 
sis, but the fully programmable system 
allows straightforward adaptation to other 
chemistries. 


Cycle times with the general synthesis pro- 
tocol are approximately one hour. A single 
loading of protected amino acids, reagents, 


»)}- Gly -—Asn—— lle —— Tyr -—Asp~— lle -—Ala -—Ala —— Gin -—Val 


Applied Biosystems’ results: PAM-potystyrene 
n; Boc-armino acd symmetric anhydrides 
Applied Biosysiems general synthesis protocol. | 
Poty (dimethylacrylamice) resin: pre-formed 
Boc-amino acid symmetric anhydrides. ' 
Polystyrene resin; double couplings and other 
Micahons. < 


Q 
> 
Q 
4 
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> 
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= 
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> 
Q 
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Polystyrene resin; standard OCC procedure. 2 


®~Gly-—Asn lle -—Tyr-—Asp +—lle -—Ala=—Ala=—Gin=—Val 


Amino acid incorporation during assembly of Acyl 
Carrier Protein residues 65-74. 







ANALYTICAL METHOD 
Quantitative Ninhydrin Monitoring’. 











Preview Quantitation by Solid Phase Sequencing of 
Protected, Resin Bound Peptide’. 


Amino Acid Analysis of HF Cleaved, Deprotected Peptide 












99.6} 99.5] 99.4] 99.1 99.2| 99.1 
99.4| — | 99.3] 99.1| 99.2; — | 98.9] 98.7 | 


1.00 | 0.97 | 0.90 | 0.94 | 0.97 | 0.90 | 0.96 | 0.96 | 0.94 | 0.98 | 


Amino Acid Residue Gly~-Asn~~—lle~— Tyr~—Asp~- lle <— Ala ~-Ala~—Gin~<— Val 


and solvents will give up to 50 synthesis 
cycles. To insure high coupling yields, 
Applied Biosystems manufactures and 
supplies all synthesis reagents. 


The data below summarize the results of the 
synthesis of the decapeptide Acyl Carrier 
Protein (65-74). These results illustrate the 
combined capabilities of the novel auto- 
mated synthesis procedure and the high 
quality peptide synthesis reagents and loaded 
resins. 


The new Model 430A Peptide Synthesizer 
was introduced at FASEB and Analytica, and 
will be exhibited at the ASBC Meeting. For 
more information, circle No. 08 


Th minhesis on 0.500 mmotn 
Boc-Gly-OCH,-PAM resin yielded 427 mg 
of crude peptide (Theory Sitmg) 


Chromatography 
Vydac C, A Bufter: 0.1% H,PO,/ HO 
8 Buffer: 0.1% H.PO,/60% CH,CN 


GRADIENT 
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30 
TIME (min) 


HPLC chromatogram of crude, HF cleaved Acyl Car- 
rier Protein (65-74). 








STEP YIELD (%) 





RELATIVE AMINO ACID EQUIVALENTS 





Step yield quantitation and amino acid analysis results for Acyl Carrier Protein (65-74) chain assembly using Applied 
Biosystems’ general synthesis protocol. Only single couplings were used throughout the synthesis (except for Gln). 
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with unprecedented speed, And can save you 
equally important, with no sacrifice 
of resolution. Here are a few exam- h ours of 
<4 ples that illustrate the dramatic protein and 
-f improvement possible with our | 
-= | systems approach: DNA 


| BB A complete SDS-PAGE/silver stain 
| analysis in only 2.5 hours. The sys- 
| tem includes Bio-Rad’s new Mini- 
> | Vertical Slab Cell, which 
| analyzes proteins 
| and nucleic acids 
| two to three times 
-4 faster than conven- 
| tional 16 cm ceils, 
-| and our easy-to-use 
| Silver Stain Kit. 








a 4 our protocols. But we don't stop | | Bio-Rad Laboratories Chemical Division 
| there. An experienced technical | 2200 Wright Ave. 
| Staff stands behind every Mini- | | Richmond, CA 94804 


| ses in the shortest possible time. 

























| IB Rapid screening of 
= | restriction digests using 
=x. | the only available minia- 
.~ | ture sub-cell with 30-sam- | 
<} ple capacity. This new Wide 
| Mini-Sub” DNA Cell can sep- 
. | arate 30 samples in anywhere 
| from 10 minutes to 2 hours, 
-=x | as compared to 4 to 12 hours 
=} with conventional equipment. 


E Electrophoretic separation, 





Bio-Rad's Mini-Gel systems com- 
bine quality apparatus and reagent 
kits with tested protocols to provide 
complete electrophoretic analyses 


Mini Gel Systems, 


analysis 
time. 









high intensity electropho- 
retic transfer and detection 
of proteins—all in one day 
using the Mini-Vertical Cell, 
our Trans-Blot® Cell, and our 
new Immun-Blot™ Kit. The 


. 30 SAMPLES OF DNA O digest 
latter provides all of the necessary 


analyzed with Wide Mini-Sub Cell using 





ALTERNATING high and low MW 
standard on 075mm gel. Total run 


: se? time 45 minutes on the Mini Vertical Bio-Rad Ultra Pure DNA Grade Agarose. 
components for rapid, sensitive Slab Cell, Silver stained with the 
detection of membrane bound | Bio-Rad Silver Stain Kit. | = a 
monoclonal and polyclonal immune | | For details on Mini-Gel systems, call 
complexes. | | toll-free 800 4-BIORAD, or contact: 






To help you obtain excellent 
results consistently, we have put 
a lot of thought and work into 





Gel system, ready to help you | (415) 234-4130 | 
achieve the best possible analy- | Also in Rockville Center, N.Y, Australia, 

i | | Austria, Canada, England, Germany, italy, 
Circle No.05 on Reader Service Card. | Jap a The Netherlands, and Switzerland. 








A new catalog that’s much 
more than a catalog from 


Pel-Freez. 


The future is arriving at break- 
neck speed. Cell fusion, genetic 
engineering, molecular biology are 
expanding the frontiers of biomedi- 
cal research at an exponential rate. 

For over thirty years, we at 
Pel-Freez have shared a commit- 
ment to the future with biomedical 
researchers across the country. 
That's why we are extremely proud 
to announce the publication of 
our new catalog — Frontiers in 
Biomedical Research. 


Exciting, unique format— 

easy to read, easy to use. 
To meet the challenge of the future, 
you often need more than just a list- 
ing of products. You need a prod- 
uct's origin or species, processing 
technique and even in some cases, 
how to use it most effectively. You 
get all this in Frontiers in Biomedical 
Research—and all at your fingertips. 
No more cross-referencing or 
time-consuming phone calls. 


Circle No.27 on Reader Service Card. 


Over 2,000 important 

products for today's 

researcher. 
Frontiers in Biomedical Research 
contains comprehensive, up-to-date 
information on monoclonal anti- 
bodies, affinity-purified antibodies 
including soluble complexes and 
mouse-host antisera, custom anti- 
sera service, purified proteins, rabbit 
complement and HLA products, and 
animal bloods and tissues. 


Pel-Freez makes major 

commitments to 

immunology. 
Our job is to deliver the products 
and up-to-the-minute information 
you need to do your job. Frontiers 
in Biomedical Research contains a 
significant number of new products 
representing additional major 
commitments to the field of im- 
munology: a complete line of 
monoclonal antibody detection and 
screening agents, PAP and GAG 
soluble complexes and an expanded 
line of conjugated immunochemical 
products. Also histocompatibility 
and rabbit complement products. 





A resource you can count 
on from an established 
source you've come to 
trust. 
Frontiers in Biomedical Research is 
not like any catalog you've ever seen 
or used. In the hands of a competent 
biomedical researcher, it is an invalu- 
able resource that delivers a com- 
plete and current line of biomedical 
products. 


Our thirty years of customer service 
have taught us a few good lessons. 
Convenience, consistency, reliability 
~~ they're all here in Frontiers in 
Biomedical Research. 


Order your free copy today! 
Why wait? 

Use our toll-free number and your 
copy will be in the mail today. 


Call 1-800-643-3426. 
(In Arkansas, call collect: 
1-501-636-2244 ) 


Pel-Freez 


BIOLOGICALS 


P.O. Box 68 
Rogers, AR 72756 
TWX: 910-720-7849 





x. 


Selective immobilization of multiple 
samples of mRNA onto nitrocellulose— 
in hours—can now be achieved with 
the SaS Quick-Blot Kit, using dot-blot- 
ting techniques and the SaS Minifold®, 
a 96-well microsample filtration mani- 
fold. The Quick-Blot system, for simple, 
rapid and efficient immobilization of 


mRNA from either whole cells or viruses, 


is highly selective because only mRNA 
binds to the NC. Because no baking IS 


hA NA OM WiK UR- 


in Hours, Not Days-With the New S&S Quick-Blot Kit 


required, the mRNA remains biologically 
active and is easily translated, reverse- 
transcribed, hybridized or released and 
manipulated 

Each Quick-Blot Kit includes enough 
mRNC™ nitrocellulose, reagents and 
Nal-Plus™ solution for 120 
samples. S&S Nal-Plus ts 
a proprietary reagent 
grade sodium iodide 


solution developed by S&S to optimize 

the selective immobilization of mRNA 

onto MRNC in the Quick-Blot technique 
Contact SaS for complete information 


= Schleicher & Schuell 


EA Schleicher & Schuell, inc 
Keene, NH 03431 
(6031352-3810 
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THE RETINOIDS 


Volumes 1 and 2 

Edited by MICHAEL B. SPORN, ANITA B. ROBERTS, 

and DEWITT S. GOODMAN 

Volume 1 | 
CONTENTS: Introduction. Chemistry and Physical Prop- 
erties of Retinoids. Synthesis of Retinoids Labeled with 
Radioisotopes. Extraction, Separation, and Chemical 


Analysis of Retinoids. Biological Methods of Analysis 
and Assay of Retinoids-—Relationships between Struc- 


ture and Activity. Vitamin A in Animal and Human Nutri- 


tion. Appendix. Each chapter includes references. Index. : 


1984, 448 pp., $46.00* /£35.00 (U.K. only) 

ISBN: 0-12- 658101-0 

Volume 2 

CONTENTS: Biosynthesis, Absorption, and Hepatic Me- 


tabolism of Retinol. Plasma Retinol- -Binding Proteins: 


Cellular Retinol-Binding Proteins. Retinoids in Photosen- 
sitive Systems. Metabolism of Retinoids. Cellular Biology 
and Biochemistry of the Retinoids. Preclinical and Clini- 
cal Toxicology of Selected Retinoids. Retinoids and Can- 


* cer. Retinoids and the Immune System: Immunostimu- 
lation by Vitamin A. Synthetic Retinoids in Dermatology. 


Appendix. Each chapter includes references. Index. 
1984, 464 pp., $48.00* /£37.00 (U.K. only) 


ISBN: 0-12-658102-9 : 
*Set price for Volumes 1 and 2:$80.00/£52.50 (U.K. only). 
($94.00/£72.50 (U.K. only), if purchased separately). Set. 


prices are not valid in Australia or New Zealand. 


ELECTRON MICROSCOPY OF 
PROTEINS 


Macromolecular Structure and Function 

Volume 4 

Edited by J. R. HARRIS 

CONTENTS: E. J. O’Brien and M. J. Dickens, Actin and 
Thin Filaments. A. Craig and P. Knight, Myosin Mole- 
cules, Thick Filaments and the Actin-Myosin Complex. 
D. M. Shotton, The Proteins of the Erythrocyte Mem- 
brane. C. A, L. S. Colaco and W. H. Evans, Plasma Mem- 


> brane intercellular Junctions. Morphology and Protein 
{e Composition. Subject Index. 

~~ $984, 388 pp., $65.00/£39.00 (U.K. only) 
<O ISBN: 0-12-327604-7 


| PLASMA PROTEIN SECRETION 


BY THE LIVER 
Edited by HANS GLAUMANN, T. PETERS, 
and C. REDMAN 


CONTENTS (Section Headings): Methods. Interpretations... 
Synthesis and Secretion of Specific Proteins. Applications. 


1983, 512 pp., $75.00/£46.00 (U.K. only) 
ISBN: 0-12-286180-9 


ELECTROPHORETIC TECHNIQUES 
Edited by COLIN F. SIMPSON and MARY WHITTAKER 


CONTENTS: Basic Theory of Electrophoresis: Definitions, 
Terminology and Comparison of the Basic Techniques. 
Electrophoretic Methods for Molecular Characterization. 
of Proteins. Recent Developments in Isoelectric Focus- 
ing. Analytical Isoelectric Focusing on Cellulose Acetate 
Membranes and Agarose Thin Layers. Ultra-Thin-Layer. 
isoelectric Focusing. Gel Immunoelectrophoresis. Ana- 
lytical Isotachophoresis. Preparative lsotachophoresis. 
Preparative Displacement Electrophoresis. Preparative 
isoelectric Focusing. Free-Flow Electrophoresis. Subject. 


index. 
1983, 292 pp., $44.00/£27.00 (U.K. only) 
iSBN: 0-12-644480-3 


BACTERIAL VACCINES 

Edited by P, GERMANIER 

TENTATIVE CONTENTS: Diphtheria. Tetanus. Pertussis. 
Cholera. Typhoid Fever. Shigellosis. Escherichia coli 
Infections. Meningococcal Meningitis. Pneumococcal 
Infections. Haemophilus influenzae Type b Infections. 
Pseudomonas aeruginosa Infections. Gonorrhea. Tuber- 
culosis. Leprosy. Index. 

June/July 1984, 456 pp., $65.00/£45.50 (U.K. only) 

ISBN: 0-12-280880-0 


os New and recent titles from Academic Press... 





Two Volumes in the 

METHODS IN ENZYMOLOGY Series 
Editors-in-Chief: 

SIDNEY P. COLOWICK and NATHAN O. KAPLAN 
Volume 104 


ENZYME PURIFICATION AND 
RELATED TECHNIQUES, Part C 
Edited by WILLIAM B, JAKOBY 


1984, 528 pp., $55. 00/ £42. 50 (U.K. only) 
ISBN: 0-12- 182004-1 





Volume 105 p 
OXYGEN RADIC ALS IN 


BIOLOGICAL Sy STEMS 
Edited by LESTER PACKER ` 


1984, 616 pp., $67. 50/£52. 00 u. K. only) 
ISBN: 0-12- 182005-X 


Methods in Enzymology is available on a Continuation Be Eee 
Order basis. oe ead 

For your convenience: Your continuation order author- 
izes us to automatically ship and bill each volume imme 
diately upon publication. This. order wili remain in effect. 
until cancelled. Please. specify the volume number WHE es 
which your order is to begin. 


THE ENZYMES. 

Third Edition 

Edited by PAUL D. BOYER 

Volume 16: LIPID ENZYMOLOGY 

Fatty Acids, Glycerides, Phospholipids, Sphingolipids, 
Glycolipids, Cholesterol, and Special Topics 


1983, 720 pp., $79.00/£56.50 (U.K. only) 
ISBN: 0-12-122716-2 
Subscription price: $63.00/£45.00* (U.K. only) 


Volume 15: NUCLEIC ACIDS, Part B 

1982, 648 pp., $79.50/£53.60 (WU. K. only) 

ISBN: 0-12-122715-4 

Subscription price: $65.50/£44.00* (U.K. only) 


Volume 14: NUCLEIC ACIDS, Part A 

1981, 586 pp., $82.50/ £55. 60 (U.K. only) 

ISBN: 0-12-122714-6_ 

Subscription price: $71 .50/£48.20* (U.K. only) 


*Subscription prices for individual volumes are valid only 
on orders for the complete set received before publica- 
tion of the last volume. Subscription prices are not valid 
in Australia or New Zealand. 


TWO- -DIMENSIONAL GEL 
ELECTROPHO ORESIS | OF PROTEINS © 
METHODS AND APPLICATION 

Edited by JULIO E. CELIS and pA BRAVO 


This timely volume. on. o-dimensional gel electropho- 
resis of proteins presents. a compilation of current proce- 
dures and research in which this technique is being 
applied. The authors unite improvements in the methods 
for detecting, quantitating, comparing, characterizing, 
and storing information contained in the gels with a step- 
by-step guide to the techniques so that procedures may 
be easily repeated. 

CONTENTS (Section Headings): Methods and Satellite 
Techniques. Applications of Two-Dimensional Gel Elec- 
trophoresis. Protein Catalogs. 

1984, 504 pp., $69.50/£54.00 (U.K. only) 

ISBN: 0-12-164720-X 


Send payment with order and save postage and handling. 
Prices are subject to change without notice. 


ACADEMIC PRESS, INC. 


(Harcourt Brace Jovanovich, Publishers) 
Orlando « San Diego « San Francisco » New York « 
London * Toronto « Montreal « Sydney + Tokyo 
ORLANDO, FLORIDA 32887 
24/28 OVAL ROAD, LONDON NW17DX, U.K. 
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The Biosearch Kit utilizes a 
modified phosphate-triester 
synthesis method that 
features 20 minute cycle 
times and excellent: reagent 
stability! Short cycle times 
make this kit less tiring to 
use than other kits and 
enables the user to make 
~ More than one oligomer in a day. The. kit contains a 
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| supply: of reagents sufficient to synthesize four 20-mers, 
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PO LYSPECI FIC ANTIBODIES TO MOUSE IMM UNOGLOBULI NS so 
e These products have been widely accepted as superior reagents by leading Australian clinical and research centres, 


C FEATURES: Well balanced reactivity to alligG subclasses, | IgM.igA, Kappa and Lambda chains. Solid phase adsorption of Cross a 


reactivity to human and rabbit immunoglobulins. 
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And easier to live with 
in the lab. = — 
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and safer to work with than ca 


enhancers containing DMSO. 
it requires nothing more 
than standard laboratory 
gloves. What’s more, 
refrigeration is unnecessary; 
ENLIGHTNING™ has a long 


shelf life at room temperature. 





Free 16-page Guide 
Ask us to send you our 
Guide to Autoradiography 
Enhancement, with its 

helpful tips on the 
enhancement, exposure, 
and develooment of 
film—compiete with a 
trouble shooting checklist. 
Free for the asking. 





































~~ COSTA RICAN NATURAL HISTORY 
Edited by Daniel H. Janzen | 


A landmark publication in tropical biology with worldwide 7 


applications, this splendidly illustrated volume combines 
che expert knowledge of 174 contributors. It offers detailed 
discussions of agricultural species, vegetation, reptiles and 
amphibians, mammals, birds and insects; and detailed _- 
species accounts of more than 300 of the most important, 
interesting, or conspicuous organisms. 

832 pp. 306 halftones, 54 line drawings. 

£42.50 cL, £25.50 pa. 


FORM AND FUNCTION: A Contribution 

to the History of Animal Morphology 

_E.S. Russell 

With a New Introduction by George V. Lauder 

- First published in 1916, this classic history of functional 
morphology from Aristotle through the nineteenth century 

is still relevant to current lines of investigation. “Russell's 

book is simply a brilliant synthesis...a magnificent history 

„of science?” —Keith S. Thomson, Yale University 

£9.30 pa. 


_ DARWIN AND HIS CRITICS: 
_ The Reception of Darwin’s Theory of Evolution 
= bythe Scientific Community 

E is Case study of the publication, dissemination, and 
eptance of a scientific theory in the 19th century, Hull 





presents fifteen contemporary reviews of the Origin, with 
~ comments by Darwin and historical notes on each review. 
“A leamed and deeply reasoned book” —P.B. Medawar, 


The New York Review of Books £12.75 pa. 


PRINCES AND PEASANTS: Smallpox in History 
Donald R. Hopkins 


Hopkins traces the devastating effects of smallpox on the 


great and the lowly alike, showing how the blind chance of | 


the disease repeatedly changed the course of history. “With 
admirable boldness Hopkins has written an encyclopedic 
account... he has done a superb job of organizing his 
material!’ — Natural History 

Ius. £21.25 cl. 


WORKERS AT RISK: Voices from the Workplace 
_ Dorothy Nelkin and Michael S. Brown 

This arresting study of the physical and psychological 
hazards of working with chemicals is based on interviews 
with dozens of workers who speak compellingly of their 
perceptions, worries, and concerns about exposure to chem- 
icals. The authors argue that such objective data must be 
taken into account in risk assessment. £17.00 cl. 





The first English translation 
of an acclaimed Russian work 
RELATIVISTIC ASTROPHYSICS 


Ya. B. Zel'dovich and LD. Novikov 


Volume I: Stars and Relativity 
Edited by Kip Thorne and W. David Arnett, 
Translated by Eli Arlock 


Volume IT: The Structure and 
Evolution of the Universe | 


Edited by Gary Steigman, Translated by Leslie Fishbone 
Together these two volumes describe the fundamental 
processes and types of phenomena relevant to relativistic = = 
astrophysics and provide a remarkably complete picture. 
the present state of cosmology. “This eagerly await 
English version... fully lives up to expectations.... Undo 







edly this will become a fundamental reference text and = 
source for teaching” —J. Richard Gribbin, Nature 
Volume I: 522 pp. £34.00 cl. 
Volume IT: 768 pp. £55.25 cl. 


PRINCIPLES OF STELLAR EVOLUTION = 
AND NUCLEOSYNTHESIS With a New Preface 
Donald D. Clayton -e 

A popular text for graduate students in astronomy and = 
astrophysics since its publication in 1968, this book has 
been updated by the author’s Preface to cover the most 


original research carried out since then. 612 pp. 
£27.20 cl., £12.75 pa. 


THE LOGIC OF DECISION Second Edition 
Richard C. Jetfrey wE 
In this new edition of his now classic 1965 work, the author 
adds, among other features, new exercises and notesand = 
references at the ends of most chapters. “Here is a book write = 
ten at a relatively elementary level...which not only lays 
out an up-to-date outline of the subjectivist theory of prob- = 
ability, utility, and choice, but makes significant advances. 
in that theory.” — Philosophical Review [ea a 
£17.00 cl. ) 

THE ATOM BOMB AND THE FUTURE OF MAN | 
Karl Jaspers | ) 2 
The distinguished psychiatrist/philosopher argues that 

there is a possibility that the fear of nuclear warfare will 

so pervade human consciousness that a new moral force 

will produce a politics adequate to handle the threat. 

£8.45 pa. 


Address orders or inquiries to 
The University of Chicago Press | 
126 Buckingham Palace Road, London SW1W 9SD, Englan 
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Also in biochemistry you want your first results in 10 minutes, a 

lot of results in a day, and a breakthrough in a week with the high 
speed and resolution of high performance liquid chromatography 
(HPLC). In addition you need biocompatibility when separating 
and purifying labile biomolecules to preserve biological activity 
and obtain high yields. 


The Pharmacia FPLC* system goes beyond HPLC with 
biocompatible instruments and unique columns of new media 
designed for high performance 


è Enzyme purifications 

e Peptide mapping 

e Analytical protein separations 

è Purification of biologically active peptides 
e Separation of oligo- and polynucleotides 


The FPLC columns can be repeatedly cleaned, with maintained 
performance, significantly extending their lifetime. Of course you 
can also run y ourt traditional columns of Sephadex’, Sepharose’, 
etc. on your FPLC “system, 


Pharmacia’s experience of 25 vears as the leader i in biochemical 
separation techniques is now available to help you discover the 
full capabilities of high performance chromatography of 
biomolecules in your laboratory l 


“Fast Protein, Poly pepeee’ and Polvnucleotide Liquid Chromatogr aphy. 


Pharmacia Fine Chemicals AB 
Box 175 

$-75104 Uppsala i 

Sweden 
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COLD SPRING 
Molecular Cloning 
A Laboratory Manual 
By T. Maniatis, Harvard University 
E. F. Fritsch, Michigan State University 
J. Sambrook, Cold Spring Harbor Laboratory 


This comprehensive up-to-date manual contains 
a description of the principles of molecular 
cloning and detailed protocols for all the 
fundamental techniques currently in use. 


Numerous illustrations, a complete bibliography 

<- § anda detailed index enhance the usefulness and 

accessibility of the material presented. Designed 
-for use at the “lab bench,” this manual should 


prove valuable for both established investigators 


. _ and students who need to utilize molecular 
os Poning rectniques: 







1982, 545 pp., illus., appendixes, 
biblio; index 

ISBN 0-87969-136-0 

8891 

Paperback $40 ($48 outside US) 





© Volume 3 


GENETIC MAPS / 1984 


_ A Compilation of Linkage and Restriction 


| : -. Maps of Genetically Studied Organisms 
- Edited by S. J. O’Brien, Laboratory of Viral 


Carcinogenesis, National Cancer Institute 


3 Completely updated and expanded, this 1984 





| : : edition of GENETIC MAPS contains 85 maps 
| oor and « covers 75 organisms. It includes linkage 





maps of all genetically studied organisms as well 
as restriction maps of the major bacterial and 
animal viruses, including lambda, T4, 
adenoviruses, SV40 and all retroviruses. 

The only collection of its kind, GENETIC 
MAPS is an indispensible handbook for anyone 
involved in genetics whether researcher or 
student. 


June 1984, 500 pp. (approx.), illus. 
-ISBN 0-87969-171-9 

-ISSN 0738-5269 
~ Prepublication price (Paper) $25 
($30 outside US) 


Visit our ASBC Booth Q30 


Orders for Japan: University of Tokyo Press, 7-3-1 Hongo, Bunkyo-ku, 113-91 Japan 












Cold Spring Harbor Laboratory 
? PCO. Box 100NB, Cold Spring Harbor, New York 11724 





HARBOR LABORATORY ANNOUNCES 


Gene Fusions 
Edited by T. J. Silhavy and M. L. Berman, 
NCI-Frederick Cancer Research Facility 
L. W. Enquist, Molecular Genetics, Inc. 


For research scientists, teachers and student, 
this instructionally complete and scientifically 
tested manual brings together gene fusion and 
recombinant DNA methods with more classical 
genetic techniques and demonstrates the power 
and utility of using these combined approaches 
for the analysis of an experimental system. 


May 1984, 304 pp., appendixes, biblio., index 
ISBN 0-87969- 163-8 

LC 83-15230 | a 

Paperback $40 ($48 outside US) 





Recombinant DNA 
Applications to Human 


Disease 

Edited by C. T. Caskey, Baylor 
College of Medicine 

R. L. White, University of Utah 
School of Medicine 





Applications of recombinant DNA 
methodologies to the human genome is 
providing new opportunities for analyzing the 
actions of specific genes in health and disease, 
determining physical linkage relationships of 
known and unknown disease loci, elucidating 
human chromosomal organization, and 
formulating new approaches i in management of 
heritable disorders. The book includes the 
presentations and discuséions emanating from 
the conference held at the. Banbury Center on 
this subject. 


1983, 371 pp., illus., index 
ISBN 0-87969-214-6 

LC 82-19712 

Cloth $55 ($66 outside US) 
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NEW VANOX-S 


Fully automatic 


integrated photomicrograph 


System versatility 
Automated functions 


Research Photomicrographic Microscope System 





Superior technology that works for you 


* . . sge ~ . Automatic selection of built- d f 
Built-in automation facilitates rapid execution Koohloreyatem turiostion for tse K too 
The NEW VANOX-S microscope will revolutionize the way you think about micro- AEN esr em 


scopes. The VANOX-S, with its built-in computer handles tedious chores, freeing you = *Attachments for three cameras (two 35mm 
to do the really important work. Condenser choice, brightness adjustment, adjust- cameras & one large format camera) 
t of tur nd field diaohraam re full t ti d ti Built-in auto-exposure function 

men of apertu ea e aphragms are Tully automatic—an a vancement iN eChoice of integrated or spot metering 
efficiency resulting from the Olympus “built-in” concept. Thus, annoying, time-con- «4 built-in photographic eyepieces and light 
suming operations are reduced to nothing more than the touch of a button on the balancing filters 

| LE b ti t hot h ti , ' le. fast d eSpecial viewfinder lets you see what you are 
control panel. From observation to p olograpny, operation is simple, fast an photographing 
accurate—a result of Olympus's total dedication to the most advanced technology. § *Attachments for various microscopic methods 


OLYMPUS 


Match your skills with ours. 


OLYMPUS OPTICAL CO.,LTD. OLYMPUS OPTICAL CO. (EUROPA) GMBH OLYMPUS CORPORATION 
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British Journalof 


narmacology 


Published monthly on behalf ofthe British Pharmacological Society, 
the British Journal of Pharmacology contains original papers submitted 
from all parts of the world making it one of the most respected journals for 
all those professionally involved in the pharmacological sciences. it contains 
up-to-date papers of the highest quality on all aspects of drug action and 
is thus a vital source of information for physiologists, clinicians, 
immunologists, molecular biologists and biochemists as well as 
pharmacologists. 







































HUMAN TOXICOLOGY 


An International Journal | 
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\ Published bi-monthly this new journal features the 
i following material: 
* original papers of a high scientific standard | 
on all aspects of human toxicology. | 
embracing both animal research and | 
studies with humans 
* short communications 
* invited comment on current 
matters of professional interest 
* editorials on topical | 
iSSues | 
* review papers | 
* book reviews 























Subscription Prices 
UK £145.00, USA/Canada US $360.00 surface, US $440 airmail, 
RestofWorld £160.00 surface, £210.00 airmail, 





















UK £65.00. | 
USA Canada | 
US $150.00 surface, | 
US $185.00 airmail, |. 
Rest of World | 
£75.00 surface, 
£95.00 airmail. 


V Pharmaceutical New 
Medicine For 1984... 


Anew, independent, quarterly journal for the critical assessment of new 
and old methods employed to test drugs in man. To promote the discipline 
of pharmaceutical medicine and cover those activities germane to human 
testing of drugs, papers will appear on human pharmacology, clinica 
investigation, comparative clinical trials, and epidemiological studies. 
The latter will inevitably be associated with drug safety and post-marketing 
surveillance. The problems of quality control and analysis of laboratory 
tests will be addressed, and the handling of clinical trial data. The design 
and statistical analysis of clinical studies will also feature. 
Pharmaceutical Medicine will provide invited contributions, reviews, news 
and opinion, A major feature will be abstracts of papers pu plished elsewhere 
giving new means of assessing drugs. 
The Journal will not take an overtly political or commercial position, but 
any matters affecting ways and means of assessing drug efficacy and 
safety, including governmental regulations, will be discussed. 

























| The British Journal of Anaesthesia has 
_ | consistently been the leading independent ^ 
-o {_jourmnalin anaesthesia enjoying international 
f contributions and readership. 























_| * Sections on laboratory investigation, clinica iris 00, USA Canada: Surface US $95.00, Rest of World: Surface £63.00 

| research, case reports and information on apparatus. Peek Reg Ya secede asl Al ace l N 
£ A correspondence section in which views are | ENS Ce ee eee ee 

exchanged through short communications and 

comments on matters of professional interest. 

| * BookReviews, 

| * Postgraduate Educational Issues, on both clinical 

and basic themes, produced twice a year ~ indispensable to 

| established clinician and trainee alike. 





















The British Journal 
\\ of Cancer l 


’ Published monthly on behalf of the Cancer Research Campaign, 
The British Journal of Cancer is one of the leading cancer journals in 

} the world, publishing articles in all the major scientific disciplines 
relevant to the subject. The journal provides papers and short 
communications submitted by scientists from countries | 
throughout the world. in addition, the Proceedings of the 
meetings of the British Association for Cancer Research are | 
regularly published in the journal, From time to time other 
selected national and international meetings are also 
covered, Up-to-date book reviews appear in each issue. 


. Subscription Prices 

UK £99.00, USA'Canada US $240.00 surface, 
\. US $285.00 airmail, 

Rest of World £124.00 surface, i 











SubscriptionPrices UK £38.50, USA/Canada US $90.00, 
| Restof World £53.00 surface, £95.00 airmail, 
_. | Trainee rates UK £24.00, US $50.00. 










Sample copies available 
Allrates include postage 

- Back issues are available on request 

- Paymentin any currency will be accepted at the current rate of exchange 
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Isolate DNA and RNA with CsTFA” 
a new centrifugation medium 


e Convenient isolation of nucleic acids 
* ) © improves purity and quality 
“4 è Bands all types of RNA 
eè Inhibits nuclease activity 
e Fewer phenol extractions 
e Easy recovery by ethanol precipitation 
e EtBr-free one-step plasmid isolation 


N 


Contact us today for more information on CsTFA 
and other high quality centrifugation media 

for nucleic acids, including optical 

=æ _and reagent grades of CsCl, or 

order directly from your 

local representative. 


Pharmacia Fine Chemicals AB . 
Box 175 Pharmacia 


S-75104 Uppsala 1 


Sweden Fine Chemicals 
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Proposals for the organization of British practice are a useful curtain-raiser = the government’ s o 


own report. But ph ysicians Should regulate themselves before the government steps in. 


THE Council for Science and Society has usefully stolen a march | 
on the British Government by publishing (last week) the report of 


a study of new techniques of conception, some old (such as 
artificial insemination), some futuristic (such as. cloning). The 
document (Human Procreation, OUP, £3.95) has been put 
together by a committee under Dr G.R. Dunstan, an academic 
Anglican with at least fifteen years’ experience of these problems, 
but with a good sprinkling of hard and level-headed biologists to 
help tell one end of a blastocyst from another. The document 

ù. 2PPpears some three months before the report of the official 
' committee under Mrs Mary Warnock is due to report. Being a 





allow the use of fertilized but unimplanted embryos for research, 
is neutral on surrogate motherhood (saying that it should neither 
be encouraged nor made unlawful) and sternly dismissive on the 
choice of the gender of unborn children. In all probability, this is 
where the Warnock committee will stand. Certainly that 
committee’s recommendations on the legal framework for 
embryonic mampilatiga cannot be less liberal without seeming 
unhelpful. 

The Dunstan documenti is said to have been designed to be 
| thought-provoking,. which mostly it is. But on some issues the 
_ group seems to have decided that a dash of pragmatism is the only 

sensible way of avoiding. arguments that can never be settled. 
Thus the committee dodges the question of when life can be said 
to have “begun” by argument by analogy with the law on 
abortion in the United Kingdom. Sperms and ova are alive, so 
“‘life’’ must mean something else, but development is continuous 
after fertilization so why not extend the limiting age of a fetus for 
™. legal abortions to other practices now possible for the first time, 
-~ the study of development in viable embryos, for example? The 
trouble, as the Dunstan committee must know, is that there is a 
substantial body of opinion in Britain opposed to that limit, and 
eager to see the Abortion Act repealed. If the Warnock committee 
makes recommendations along the same lines (which it should), 
there is certain to be a revival of agitation against the rules on 
abortion. 

Privacy is dealt with more robustly. The issue arises in 
connection with existing practices such as artificial insemination 
(estimated at 4,000 cases a year, not much greater than in the early 
1970s) but, more generally, whenever a child is born with genes 








Liberation language 

THE introduction to the Dunstan report by Professor John 

Ziman, who quotes from Dante’s Purgatorio a definition of life as 

. + One 
quick, sentient soul, of its own self-aware, 

includes the following explanation of a now-unfashionable 

useage: 
_ The report is written in English, a language which has a common 
gender for statements applying to masculine and feminine, male 
and female, without distinction. Sometimes the grammatical 
form of the common gender and masculine coincide, but that is 
no impediment to its use. We have employed this grammatical 
facility because it yields a prose less cluttered and more elegant, 
and as readable. c 





-liberal and even modestly adventurous tract — Dunstan would |. consistent. The obvious difficulty is that responsibil or 





not all derived from its social parents. On the question whether cae 
such a child should at some stage be told something of the source i 
of the genes, the Dunstan committee is for “openness within the 
family”, which would imply that a child would even tually havea 
right to know as much about, say, the donor of semen. as the | 
parents themselves were told at the outset. But the committee _ zn 
would protect the confidentiality of the donor, largely because it 
fears that the supply of donors would otherwise dry u 
because it holds that a child’s relationship with it 
should not be prejudiced by the intervention of at 
either a semen donor or a surrogate mother. “T 























keeping genetic records of these shadowy but essential third 
parties will rest with physicians whose practices are already. 
shadowy enough. But especially in Britain, where the Data 
Protection Bill will do very little to strengthen the privacy of _ 
individuals in relation to the state, it would be too dangerous to 
ask for a centralized data bank of the genetic parents of. other - 
people’s children. Is there a case for physicians’ professional 
associations shouldering this task? 
The committee’s weakest conclusion is that it would not be 
permissible to allow parents to choose the gender of. their 
children. Technically, this can already be done by amniocentes 
and abortion, but an unwelcome gender is not a legal grow. 
abortion. Soon, easier ways of doing this job will be av 
The starting point for much of Dunstan’s argument is th 
stable couples are prevented by some disability from procreatin 
naturally, they should be helped by whatever techniqu: 
available to produce children in some other way. Why draw ti : 
line at gender-rigging? A farming family of adozen daughtersand = 
no sons may be as seriously handicapped as one that is infertile. So > 
why not acknowledge that physicians should be encouraged. tore 
offer even such a service if there are strong grounds for believing Sl 
that the results would be socially beneficial? oe ech 
With its pragmatic view of the problems of. embrya aoe 
manipulaton, the Dunstan committee inevi itably is less concerned oe 
with the legal than the administrative changes of the framework in _ ee 
which the physicians deal with their patients. (Butit would change __ 
the law to protect donors of sperm from paternity suits. ) Writing 
for a British audience, it asks that the National Health Service 
should take responsibility for providing whatever services. are 
available, that donors (of anything) should not be paid for their 
services and that there should be more provision for counselling 
than at present. The committee looks enviously across the English 
Channel at the centralized service by means of which the French 
health services arrange for sperm donors to be married couples 
with at least one healthy child. The committee acknowledges that ~ 
there are problems with surrogate mothers (who would not actas 
hostesses without reward of any kind) but seriously o 
underestimates the difficulties of ensuring that all services like 
these can somehow be swept up into the public sector. Thatiswhy 
there can in the long run be no escape from a system in which 
individual practitioners offering services as different as. artificial 
insemination and sex determination should be. „regis 
licensed) by their a e ah aad i 










say. 














The British research system needs to spend 


more on research grants, less on machines. 
UNWITTINGLY, the British Science and Engineering Research 
Council (SERC) has given a telling explanation of why the United 
Kingdom is considering withdrawal from the European high- 
energy physics laboratory, CERN, at Geneva. The council’s 
science board, the chief source of research grants for British 
academics whose interests are not bound up with space, 
astronomy and high-energy physics, last week published a state- 
ment of what it calls its strategy for ‘‘core science” — what is left 
when the great machine-created baronies have been catered for 
(see Nature 309, 297; 1984). 

The results are shocking. The board spends just over £70 
million a year, which is divided into three roughly equal parts, one 
of which goes to keep the bodies and souls of graduate students 
and doctoral fellows in some loose correspondence, another on 
the running of central facilities (such as synchrotron and laser 
sources) and a third, roughly £25 million a year, on research 
grants to working scientists in all disciplines. Having proudly 
-< calculated that 12,000 people are dependent on it for research 
~: money, it omits the simple arithmetical calculation that there is 
- Jess than £2,000 a year for each person on its books. 
<  Lopsidedness also leaps out f rom this eight-page glossy produc- 
tion, University research in physics, for example, costs the board 
~~ between £5 and £6 million a year. This is hardly the kind of cash 
flow on which a strategy could be founded. The board says that it 
- ig having to refuse nearly a third of grant applications that deserve 























to succeed. Maybe it should be worrying instead that, with such 


tiny sums of money at its disposal, it is not much more seriously 


overwhelmed. 





_ spicuous lopsidedness. Why are physics and chemistry research, 
core sciences if there are any, supported on such a miserly scale? 
The usual answer is that that is how the pattern of spending has 
developed, and that the supply of research grants cannot be too 
different from the pattern of demand, because the mechanism is 
self-correcting. This complacent argument overlooks the simple 
truth that if you starve a field of funds, and spend the best part of 
a decade telling academic scientists that they would be better 
employed in other fields, in information technology or engineer- 
<< ing for example, they will eventually go elsewhere, intellectually 
or geographically. 


< Core science 

- Yn Britain, the problems of core science have been multiplied by 
_.. the perverse pursuit of over-rational stratagems for economizing 
jn resources. High-powered lasers are in fashion? Then the 
anagers of the research enterprise quickly calculate that they 











_ could not provide every likely group with up-to-date equipment 
so let there be a single central facility that everybody can use, well 


designed (and slowly built). This is probably the most effective 
device yet discovered for turning honest scientists into committee- 
people, skilled above all at winning allocations of time at f acilities 
which are always more elaborate than would have been necessary 
_ fora single purpose — and whose lifetime is assured for years and 

even decades to come. So it turns out that with the passage of 









time, young men who embark with enthusiasm on working as 
attendants of the big machines (even the small big machines) 
discover that they are no longer practitioners of the craft that at- 
tracted them but rather managers, negotiators, sometimes even 
diplomats. 

Nobody suggests that it would be possible to turn back the 
clock so far that the practice of science in the physical sciences 
would be exclusively modelled on what happened in the nine- 
teenth century. It is however likely, with the present distribution 
of resources in Britain between machine science and small-scale 
science, that the pendulum has swung far too far towards the 
machines. There is no evidence that people dislike working with 
the large machines but that is not the point. What matters is that 
the way in which the machines claim people’s allegiance for years 
on end ensures that the community of scientists in a country as 
small as Britain is less flexible than it might be, less able to seize 
new opportunities. ae oe 

The science board seems at least to have understood the way in 
which changes should be brought about. Its strategy document 
says that it needs more money and that if it had more money it 
would give first priority to research grants and the last to the 
strengthening of machine facilities. But how long does the science 
board think it would take to effect a noticeable change in the pat- 


tern of scientific research if on the one hand itis going toadjustits <q: 


distribution of resources only when the total is increasing and if at 
the same time it follows its own prescription of giving particular 
attention to projects which have industrial potential? One of the 
constantly repeated mistakes in the management of British civil 
science in the past few decades is that with each new economic 
crisis, the research councils whose responsibility is to ensure the 
health of basic science have felt it necessary to demonstrate that 
they too have to put their shoulders to the wheel, helping with chem- 
ical engineering one decade, information technology the next. 

Mercifully, there are signs that even this preoccupation may 
soon be modified. In the past six months, SERC, recognizing the 
dangers of over-dependence on machines, has tried to create a set 
of circumstances in which the two big spenders among its commit- 
tees, the astronomy, space and radio board and the nuclear 
physics board, would be merged, presumably so that they would 
then take a more sceptical view of what their enforced partners 
were supporting. It is a well-known failing of even the best inten- 
tioned systems for distributing money for research that peer 
review is harder to trust as the scale of projects grows. Unfor- 
tunately, SERC has for the time being defeated its chairman’s 
plan to bring about this marriage. He (or his successor) should not 
however let the matter rest there. The case for having rational 
means of distinguishing between the merits of different proposals 
is too strong to be forgotten. 

The grant-making establishment needs also to safeguard itself 
against repetition of the mistakes that have recently caused such 
trouble. Logical though it is to think of serving many users and 
saving money at the same time by the provision of central facilities 
which all experimenters can use, the system is also a recipe for 
diseconomy. Would it not be better, as in the United States, that if 
a person thinks it would be valuable to have a machine for ac- 
celerating particles, or producing intense monochromatic beams 
of light, or even perhaps a machine for producing neutrinos, he 
should not be prevented from applying for the money he needs by 
the argument that the project is too big for one man to handle? Of 
course that is literally true. But elsewhere, in the United States 
particularly, there is now a long record of successful exploitation 
of the principle that the most enthusiastic user of a novel kind of 
machine is likely to be the man who gave the reasons why it should 
be built. And then, of course, if two people have the same idea for 


a new machine at the same time, there can be a competition. a 


Either way, the enterprise is likely to be carried out. more 
economically than would otherwise be possible, fewer people will 
acquire a vested interest in its perpetual continuation and, indeed, 
there would be many occasions when designers of new ex- 
periments on a large scale were treading on their own heels, anx- 
ious to get rid of what they had been anxious to build only a little 
while earlier. E 
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Administration hints at clampdown 
on biotechnology exports 





AMID charges from the Department of 
Defense (DoD) and US intelligence agen- 
cies that the Soviet Union is applying bio- 
technology to biological warfare research, 
the Reagan Administration is beginning to 
suggest that biotechnology may have to be 
brought under export control regulations 


designed to halt the flow of ‘militarily | 
critical technologies’’ to potential advers- | 


aries. 
The Reagan Administration’s interpre- 


tation of the export control rules has been | 


the subject of controversy, particularly in 


the crackdown on exports of computer | 


components and in DoD’s recent efforts to 


-. Shut out foreign nationals — even those 


from NATO countries — from scientific 
meetings held under its sponsorship. 

At the AAAS meeting here, John 
Birkner of the Defense Intelligence Agency 
predicted that ‘‘dual use” biotechnology 
— items with both peaceful and military 
applications — would sooner or later have 
to be restricted. He asked scientists in in- 
dustry and at universities to help DoD learn 
“how our technology may be turned 
against us’’ so that a ‘‘prudent’”’ list of mili- 
tarily critical technologies can be compiled 
for biotechnology. 

“Items listed as militarily critical can be 
exported only with a licence issued by the 
Department of Commerce. To qualify for 
the list, a technology must not already be 


possessed by ‘‘principal adversaries” nor | 


available to them from a third party. 


a Birkner said that specialized polymers, 


synthetic elastomers and detectors for 
chemical and biological warfare agents 


would all be likely candidates for inclusion | 


on the list. 


The charges that the Soviet Union is | 
already exploiting biotechnology for bio- 


logical warfare have emerged in recent 
weeks from official DoD sources, the Cen- 
tral Intelligence Agency and a series of ar- 
ticles in the Wail Street Journal. DoD’s re- 
cent report on Soviet military power asserts 
that the Soviets have an active research and 
development programme to investigate the 
utility of biological weapons; Birkner said 
that ‘‘there are at least seven biological 
warfare centres in the Soviet Union that are 
under strict military control’? and which 
are applying ‘‘selected aspects of genetic 
engineering to their work”. The Wall 


Street Journal articles made similar accusa- | 


~. tions, and in turn have been sharply criticiz- 
ed by many US researchers for imputing 
sinister motives to research activities that 
are indistinguishable from US efforts in 
biotechnology and basic genetic engineer- 
ing. 
The putative activities of the Soviet 
Union would constitute a violation of the 


NEWS 


1975 convention banning the possession or 


development of biological weapons. The | 
United States had earlier accused the | f 
| that was sensitive but not formally classi 


Soviets of violating the treaty (and the 1925 


| chemical warfare treaty) by using toxin and | 
chemical weapons in Afghanistan and | 


South-East Asia. 
Meanwhile, some new light has been 


shed on the US military’s own programme | 
| of recombinant DNA and hybridoma re- | 

search. Thomas Dashiell of the Office of | 
the Secretary of Defense appeared at the | 
meeting here with a list of 43 biotechnology | 
research projects funded by DoD as of 30 | 
April. The bulk of the projects deal with | 
development of vaccines against disease | 
endemic in areas where US troops might be | 


sent or against possible biological warfare 


_ agents, such as anthrax. Other projects are 
aimed at developing enzymes to decon- | 
taminate chemical warfare agents and at | 
producing materials such as epoxies, lubri- | 
cant stabilizers, biofuels and marine anti- | 


fouling agents. 


The research, which is divided between | 


in-house efforts (mainly at Fort Detrick in 
Frederick, Maryland — the former biologi- 
cal warfare research establishment) and 
sponsored research at universities (among 
them Massachusetts Institute of Technol- 
ogy, Texas A&M University, Rockefeller 
University, Purdue University and the 
Universities of California, Massachusetts, 


and Maryland), is all unclassified. Dashiell | 
_ Suggested, however, that if the research | 
| moves beyond the basic stage — which he 
says is not likely to happen for eight years at | 


least — some of the development work may 
be subject to secrecy restrictions. 


Stephen Budiansky | 


Peter David adds: In Washington mean- 
while, Congress received an unexpected 
signal last week that the Reagan Admini- 
stration may be softening its stance on the 
control and publication of research 


findings. Dr Edith Martin, Deputy Under- | 
l Secretary of Defense for research and | 
| engineering, announced during a hearing | 
/ and US efforts in high-energy physics, 
| Schopper clearly implied that the United 


of the House Science and Technology 
Committee that the administration intend- 


ed to rely on formal classification pro- : 
CERN for the claim to the next arge ac- 


cedures to keep sensitive research out of the 
hands of foreign nations, 

Apparently reading from the still- 
unpublished report of a senior interagency 
group examining technology transfer, 
Dr Martin said it was the policy of the ad- 


ministration that ‘‘no restrictions may be | 
placed on the conduct or reporting of | 


research that has not received national 
security classification’’. 


Although the statement referred specifi- | 


cally to ‘‘fundamental’’ research, it was 
taken by observers at the AAAS meeting to 






imply that the Department of. Defense - 
(DoD) had dropped a controversial plan to | 
restrict the publication of applied research 


fied. Drafted as part of a wide-ranging 
review of the Pentagon’s approach to inter-. As 
national technology transfer, the plan 
would have insisted that DoD contractsfor 
work that was both “applied” and ‘‘sensi- 
tive’’ should in future give the Pentagon 
the right to prevent PIANON: of the: ae 
resulting findings. soe 
In meetings with universities in recent ae 
months, Dr Martin had. argued at tot 
reliance on classification, in which it 
be necessary to show that publication 
the research would constitute a direc 
threat to national security, was too inflex- 
ible. But her proposal to create a new cate- = 
gory of sensitive research whose publica- 
tion would be controlled by DoD was 
fiercely opposed. Three universities — 
Stanford and the California and Massa- 
chusetts Institutes of Technology — wrote ` 
to DoD and to the White House science of- 
fice claiming it would prevent them from 
undertaking certain categories of research A 
for DoD. Gg 












Dr Herwig Schopper, director d of 


the European Organization for Nuclear 


Research (CERN), is sowing seeds of dis 
sent to the ambitious US plan for a massive 
new particle accelerator. Speaking here at 
the AAAS meeting, Schopper suggested 


| that the tunnel now being completed 
for LEP, CERN’s 100-GeV electron posi- 


tron collider, could be used for a future 
proton machine with capabilities ap-. 
proaching those of the US design, and at 
substantially lower cost. 

While careful to stress the importance of 
“complementarity” between European 


States could find itself competing with 


celerator. 

The United States made an initial com- 
mitment to its proton collider, known for- 
mally as the Superconducting Super Col- 
lider (SSC) (and earlier known as the 
““Desertron’’), last year when the High 
Energy Physics Advisory Panel endorsed - 
the concept. The panel, which represents. 
the particle physics research community : 
and which makes recommendations to 






same: time voted to abandon Brookhaven > 








National Laboratory’s unfinished | 


ISABELLE accelerator, recognizing the 
unprecedented concentration of technical 
and financial support that SSC would re- 
quire. 

As now envisaged, SSC would attain 
centre-of-mass energies in the neighbour- 
hood of 40 TeV — sufficient, in the view of 
current theory, to explore the so-called 
Higgs sector. Leon Lederman, director of 
Fermilab, who also spoke here, said that 
experimental exploration of this energy 
region is vital to resolving the ‘‘crisis’’ that 
Lederman says his ‘‘theoretical col- 
leagues?” now find themselves in. ‘They're 
speculating wildly’’, he says, for lack of 
solid data. 

According to cost estimates developed 


TE earlier this year at a marathon session at 
© Lawrence Berkeley Laboratory (some 150 | 
| considerations. The Committee of Vice- 


- researchers from the national laboratories 
and universities were, as one participant 


3 put it, locked in a room by Department of | 


2 Energy officials until they could agree on 


= şöme definite numbers to be used in 


os _ preparing next year’s budget request), SSC 


could be built using existing magnet tech- 
_. nologies for $3,000 million, with a comple- 
‘tion date in 1994. DoE is now considering 


< whether to submit a request for research 
and development funds in the budget for 
fiscal year 1986. Lederman says that it 
would probably take two or three years to 
develop a definite design that optimizes 
costs. The ‘‘reference design’? document 
produced at Lawrence Berkeley considered 
three different combinations of ring size 
. and magnet field strength, and concluded 
- that costs would be roughly eqaual in each 
case. The original idea of SSC, and thus the 


- name Desertron, was to use relatively low 


‘field, “cheap” magnets in an enormous 


as ring that could presumably fit nowhere but 
> the southwestern desert. 


Lederman said he considered the $3,000 
million figure to be a maximum, as it 
assumes the use of existing “‘dumb”’ 
magnet technology, as he put it. 


Schopper, on the other hand, placed a | 


price tag of $500 million on the European 
version of the proton collider, the cost sav- 


® ings coming from the use of CERN’s ex- | 


isting tunnel and injectors. The energy of 
the machine, however, would be only 10 to 
12 TeV if existing magnets technology is 
assumed, although it could be as much as 
<18 TeV if the as yet undeveloped Nb3n 
10-tesla magnets become available in time. 
Both Lederman and Schopper spoke of 
the need to coordinate US and European 


plans; both also said they had little idea | 


- how this could actually be accomplished. 


a ‘Lederman said, however, that it. would 


<- probably bea political impossibility to per- 


He also questioned 


Higgs. sector. 
Schopper, in the face of repeated ques- 


3 tions about the relative cost-effectiveness 
— o ofthe two plans, said ‘‘It’s no use starting a 


~ suade the countries in question to build | 
= both machines. 

whether the CERN proton collider’s | 
energies would be sufficient to explore the | 
> | realistic timetable for comment imposed by 


fight now’’; more work needs to bedone on 


| the technology before a decision can be 
made, he said. And, apparently referring | 


to hints of some new and puzzling 
discoveries coming out of CERN’s SPS 
collider, suggested that in the two to three 
years needed for technology development, 
“the physics might be different”. 
Schopper suggested that another possi- 
ble add-on to the LEP tunnel — one that 
certainly would not compete with SSC — 
would be an electron—proton collider, 
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Meanwhile, the United States is already 
worrying about selling the most expensive 
basic research project yet to Congress. 
Presidential science adviser George 






Keyworth was recently in Japan trying tog 47 


drum up some tangible support from the 7 
Japanese Government for the project. And 
DoE officials are only half facetious when 
they suggest that the SSC ring might be ar- 
ranged to pass through at least three states 
to boost regional support in Congress. 
Stephen Budiansky 





Intellectual property 


Consider the monoclonals 


BRITISH universities seem to be rebelling | 
against the mounting pressure on them to 
become more responsive to commercial 


chancellors and Principals (CVCP), in a 
preliminary response to a government dis- 
cussion paper on intellectual property 
rights, rejects the idea that universities 
should seek to protect research inventions 
with patents wherever possible, citing as an 
example the ‘‘serious disadvantages for 
generations of investigators’’ if mono- 
clonal antibodies had been rigorously 
protected. And in a formal reply to a plea 
by the Engineering Council to spend more 
of their grant on training engineers, the 
committee reaffirms its opposition to 
having grants specially earmarked for 
engineering and its distaste for a rapid 
increase in provision for science and 
technology at the expense of other 
subjects. 

CVCP dismisses the government’s 
“green paper’? on intellectual property, 
published at the end of last year, as ‘“some- 


| what superficial’. The paper made some 


radical suggestions on how the Patent 
Office might be moved out of the civil 
service and suggested some changes to 


| intellectual property law. But, say vice- 
| chancellors, it pays too little regard to the 


difficult balance that university researchers 
must maintain between possibilities for 
commercial exploitation and their commit- 
ment to intellectual progress. And CVCP 
dismisses the ‘‘implied criticism” that 
academics exchange information too freely 
and take protection too rarely. Universities 


have, the committee says, a clear policy on — 


patenting. The government should, before 
considering legislation, thoroughly 


| examine all aspects of intellectual 
| property, including such problem areas as 


copyright and computer software, Some 
are concerned that biotechnology, in 


- particular, might be adversely affected if 
_ very broad patents impede research. 


Beyond this CVCP does not go, thus 
perhaps inviting the criticism that it, too, is 
being somewhat superficial. The com- 
mittee excuses itself by blaming an un- 


the Department of Education and Science. 
Discussion has had to be brief and con- 
sultation has been less than complete. A 


fuller response will be prepared in due 
course. 

The committee has however managed to 
find the time to prepare a full response to 
the Engineering Council, which earlier this 
year accused universities of not using their 
grant in the way that was intended. The 
council announced that it wanted a ten per 
cent swing in student numbers from arts- 
based to science-based subjects within the 
decade. That objective is thought by vice- 
chancellors to be totally unrealistic, given 
the pressures that already exist on the uni- 
versity system, and many vice-chancellors 
feel the Engineering Council has weakened 
its case by overstating it. Tim Beardsley 


Argentinians safe 


Washington 

THE new democratic government in Argen- 
tina is wasting no time in trying to re- 
establish contacts with expatriate Argen- 
tinian scientists and to offer assurances 
that the personal and political vendettas of 
past regimes will not be repeated. 


Dr Carlos Abeledo, under-secretary for f 


science promotion and director of the 
national research council of Argentina, 
was in the United States last week to spread 
the word among the hundreds of Argen- 
tinian scientists here that if they want to 
return they will be welcome and there will 
be financial support for them. Abeledo 
said that he did not expect more than a few 
dozen to take up the offer this year, but 
that he was also hoping to involve the ex- 
patriate scientists in the country’s scientific 
effort through such activities as reviewing 
for Argentinian scientific journals, review- 
ing grant applications, and taking in 
Argentinian research fellows. 

Abeledo was due to meet with some 200 
Argentinian scientists at the American 
Association for the Advancement of Science 
meeting in new York; the previous week he 
was present at a gathering of 100 Argentin- 
ian scientists now living in France. 


Albeledo was among the hundred or so ~“ 


scientists sacked in 1976-77 for political — 
and sometimes personal — reasons by the 
government. One of the first acts of the 
new government this year was to recognize 
the right of those scientists to return to their 
positions. stephen Budiansky 
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US universities 


Benefactions abound 


Vy. Washington 


UNIVERSITIES in the United States are 
enjoying a spectacularly profitable spring 


this year. In April alone, the University of | 


Texas at Austin announced that an $8 
million donation by an anonymous Texan 
would enable it to endow 32 new chairs in 
science and engineering, and the University 
of California said that it had received the 
biggest single private gift in its history: $36 
million for a new telescope. There may be 
more to come. According to a new survey, 
universities and colleges are becoming 
America’s favourite philanthropy: volun- 


tary contributions to higher education | 


reached a staggering $5,000 million in 
1982-83, an increase of 6 per cent over the 
previous year, 

The University of California gift comes 


s ý in the form of cash, property and art 
~“\© masterpieces bequeathed by Mrs Marion | 


Hoffman, widow of the car dealer, Max 
Hoffman. The money is to form part of a 
$100 million fund with which the university 
intends to build a 10-metre telescope of 
novel design at Mauna Kea on Hawaii by 
the end of the decade. It will consist of 36 
six-foot hexagonal mirrors arrayed to form 
a continuous optical surface. The mirrors 
will be kept aljgned to a precise optical 
figure by a system of computer-controlled 
sensors and actuators capable of perform- 
ing 100 positional readjustments a second. 


y "New buildin Be ho — \ 
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it will have four times the light-gathering 
power of the venerable Hale Telescope on 
Mount Palomar. 

A bonanza of similar proportions will 


befall the University of Texas as a result of | 


the $8 million donation by a local 
industrialist. The $8 million is to be 
matched by five Texan foundations, and 
another $16 million will come from the 
state-funded Permanent University Fund. 
_ Together, 
| university to establish 32 chairs endowed 
for $1 million each. The university expects 


filling the chairs to take several years. It will | 


be recruiting in chemistry, physics, mathe- 
matics, molecular biology, computer 
engineering, microelectronics, computer- 


assisted design and manufacturing and. 


the package will enable the | 


materials engineering. 

The universities of California and Texas 
are traditionally among the biggest 
recipients of private and corporate 
philanthropy. A survey now published by 
the Council for Financial Aid to Education 
reports that, in 1982-83, voluntary 


donations to the University of Texas | 
exceeded $107 million, while the University | 
of California received more than $135 


million. In proportion to their size, 


however, neither matches Harvard and — 


Stanford, which received donations of 
more than $126 million and $91 million 
respectively. 

Where is all this money coming from? 
Increasingly, it seems, from private 
business. Corporate philanthropy has at 
last outstripped donations from found- 
ations and reached more than $1,000 
million in 1982-83, 14 percent more than in 





Genetic engineering 


| lead the pack. Eight other institutions, 


= Cornell, Massachusetts Institute o 













the previous year. That means. ‘that he 
lion’s share of donations comes from 
distinct sources: corporations, found. 
ations, alumni and private individuals 
Each gives about $1,000 million ina year ES 
while religious denominations give an 
estimated $200 million in total. : a 
Nearly a third ($1,500 million) of all the: 
money contributed is in the form of uns 
restricted gifts. Some $300 million is.ear- 
marked for academic salaries and $750. 
million for research. But the gifts are dis- 
tributed extremely unevenly. Major private _ 
universities receive an average of $21 _ 
million each, about five times as much as- 
their public counterparts. And ten univer- < 





sities accounted for a full $690 million of 


the gifts in 1982-83. Harvard andStanford _ 









receiving between $50 million and. $60 
million each, are: Minnesota, Columbi 





nology, Yale, Princeton, So 
California and Pennsylvania. — 
Peter David 


Picking up the pieces 


Washington 

PROPOSALS from private companies for the 
field-testing of recombinant organisms will 
still be considered by the Recombinant 
DNA Advisory Committee (RAC) of the 
US National Institutes of Health (NIH), 
despite the cloud created by a federal dis- 
trict court ruling in favour of anti-genetic- 
engineering activist Jeremy Rifkin (see 
Nature 24 May, p.296). That ruling has 


temporarily halted Dr Steven Lindow’s ex- | 


periment on ice-nucleating bacteria and 


j barred RAC from approving any other 
| experiments involving NIH funds that 


would deliberately release recombinant 
DNA into the environment. 


| But the ruling specifically exempted | 
private companies, which are not legally 


bound by RAC decisions, although they 


have been complying on a voluntary basis. © 


The reasoning was that if RAC was not 
allowed to consider proposals from private 
companies, the companies could simply 
proceed without RAC’s approval. 

Although a final decision has not been 
made by NIH, RAC staff said last week 
that as far as they knew two deliberate 
release proposals from private companies 
were still on the agenda for the next RAC 
meeting, on | June. Advanced Genetic 
Sciences Inc. (AGS) is seeking approval for 
a field trial virtually identical to Lindow’s, 
and Cetus Madison is submitting a pro- 
posal for the field testing of plants with 
genetically-engineered disease resistance. 
RAC will hear all of the Cetus Madison 
proposal and part of the AGS proposal in 
closed session, in accordance with the stan- 
dard procedures for the safeguarding of 
trade secrets. T 

In a letter to the executive director of 


RAC dated 18 May, Rifkin requested a 


moratorium on consideration of all > 
deliberate-release proposals and said he. 
was appealing the district court’s decision 
on that point. Rifkin’s attorney, however, = 
said they would not appeal until RAC had 
decided definitely on how to handle the 
June meeting. ee 
Meanwhile, the University of California 
has filed an emergency appeal against the -< 
temporary injunction against Lindow’s 
experiment. According to Lindow, theex- = 
periment must begin by around 25 Mayor => 
be postponed until autumn. William 
Anderson, attorney for the university, said 
that the court failed to examine RAC’s | 
deliberations on the Lindow proposal, .. 
which, he said, met the legal requirements 
ofa “‘hard look” at environmentaleffects. 
The appeal also argues that Rifkin failedto = 
exhaust available administrative remedies 
before filing suit, as he failed to file com- ` 
ments or attend either of the RAC meetings 





at which the Lindow proposal was discuss- 


ed. Rifkin says he did not know about those 
meetings and was out of town when they 
took place; announcements of the 
meetings and requests for public comment 
were, however, published in the Federa/ 
Register. 

Rifkin’s attorney, Edward Lee Rogers, 
said that he thought neither argument 
would stand up; the Federal Register an- 
nouncement was ‘‘cryptic’’, he said, and — 
did not make clear that this was the first 
deliberate- release proposal; and-he said the 

“‘equivalency’’ defence — that RAC in fact 
carried out the equivalent of a legally- a 
required environmental assessment — is 
available only to agencies whose principal d 
responsibility — and thus expertise: 48 
with environmental i issues, o 0 

Stepheti Budiansky 
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_ Venture capital 


Stealing universities’ thunder? 


A NOVEL Anglo-US joint venture launched 
this week aims to sponsor the commercial 
development of research projects carried 
out in British universities. The two partners 
in the new venture, to be called the 
Research Corporation Trust, are Investors 


in Industry (3i) and the Research | 


Corporation, of New York. The trust will, 


through a subsidiary, evaluate, patent and — 


license inventions throughout their 

lifetimes and will use the proceeds to 

sponsor more university-based research. 
The trust is likely to prove controversial. 


Inreturn forits free advisory and patenting | 


-service to universities the trust will nor- 


— mally expect resulting patents to be made 
| over to it. The obvious question is whether | 


the fruits of research supported by the 
British taxpayer might not be enjoyed 
= overseas. Mr Ivan Momtchiloff, a general 
_ manager of 3i and a director of Research 
= Corporation Trust, said recently that 
- British inventions would be exploited by 


> the trust in Britain “where humanly possi- 
ces ble’’, unless to doso was ‘‘obviously silly”. 
-A slightly different line has been taken by 





: -Dr John P. Schaefer, president of Research 


< Corporation, who says the trust “will not 
ae only help strengthen science and technology 
in the United Kingdom but also lead to a 


= mutually beneficial exchange of technology 
_ between the United States and Europe.” 
‘The two partners in the new trust are not 


oe obvious bedfellows. Research Corporation 


in the United States is incorporated under 
not-for-profit law, and the new trust in 
Britain will, it is hoped, receive charitable 
status. The Investors in Industry group is, 
< however, an established large industrial in- 
=>. vestment group, backed by major British 





~ banks, whose goal is undeniably to make a 
~~ profit. Mr Momitchiloff says that 3i will 


- profit from any companies that it acquires 
-or spawns to develop the inventions origin- 


© ated by the trust, and from licence income. 


-trust has been the recent abolition of the 
first-refusal right on much publicly-funded 


> British research previously enjoyed by the 


National Research Development Corpor- 
ation (now part of the British Technology 
Group). The 3i group has previously 
formed companies based on university 
research but the process has often been 
protracted and difficult. The group was, 
according to Momtchiloff, considering a 
new approach based on research grants 
when it learnt that Research Corporation 
jn the United States was thinking of setting 


oe up a British operation; a partnership was | 
oo the natural result. The corporation already 
“o has the special skills and extensive 


= experience of working with university 


_ departments to enable a similar scheme to | 


be set upin Britain. The trust will also bene- 
fit from Research Corporation’s estab- 
lished patenting and legal support services. 


Bi oT The initial capital in the new peneme is. 


suprisingly modest — £1 million from each 
of the two partners, with an additional 
£50,000 each to start the ball of research 
grants and license income rolling. Many of 
the initial grants will be for only a few 
thousand pounds — to buy a specific item 
of equipment for instance. The trust will 
seek mainly to interest young researchers 
who may have more difficulty than their 
elders in attracting research funds. 

The trust’s share of royalty income, net 


| of expenditure, will be returned from the 
| subsidiary operating company to be dis- 


tributed as more research grants. In the 
United States the arrangement between 
universities and the new trust’s parent 
company is that the institutions take 60 per 
cent of royalties and the trust 40 per cent. 
Arrangements between institutions and 
their employees are more variable, and the 
opportunity to take an equity stake in a new 
company would depend on the individual 
circumstances. Tim Beardsley 


A UK venture 


A VENTURE capital fund launched last week 
in Britain will provide £15 million over 4 
years to invest in new and emerging private 
companies working in high technology. 
The Charterhouse Japhet Venture Fund 





| has already raised this sum and has made its 


first investments. Its preferred areas are 
telecommunications, microelectronics, 
health care and biosciences. 

The capital that the new fund has 
available puts it immediately in the ranks of 
the larger venture funds in Britain. The 


| investors are prominent UK pension funds. | 
The investment directors are Dr John 


Walker, who comes from the Investors in 
Industry group, and Mr Ron Sheldon. 


Walker emphasizes that his approach 

extends to providing active management 
| support and marketing experience. 
A major spur to the formation of the new | 


Most of the investments will be of more 
than £250,000, but some ‘‘seed capital’ for 
new product development will also be 
available. The £15 million will spread over 
20 to 25 major investments, of which the 
fund will be the lead investor in about a 
half. Walker is critical of other venture 
capital funds that attempt to gain control 
over a young company by taking a majority 
investment. He swears that the new 
Charterhouse fund will always take a 
minority stake so that control remains with 
the originator of the company, a principle 
Walker considers extremely important. 

Walker has a significant personal stake 
in the new fund. He declines to reveal the 
amount but admits that he ‘‘probably 
won’t have to worry about cash” if the 
fund succeeds. He and Sheldon, by demon- 
strating their personal commitment, will 
inspire company management to confi- 
dence, he believes. Tim Beardsley 








Agriculture 


Old crop ripe 


for revival 
Waalre, The Netherlands 
ONE of the first plants to be exploited by 
man in South-East Asia and Oceania could 
once again become a major commercial 
crop in the region if the efforts of Professor 
Michiel Flach of the Agricultural Univer- 
sity at Wageningen bear fruit. 

The crop is the sago palm, natural stands 
of which cover some 2 million hectares in 
Indonesia, Papua New Guinea and the 
Philippines. These areas are under- 
exploited, says Professor Flach, ina region 
where it would be prohibitively expensive 
to plant other crops. There are also 200,000 
hectares of planted sago stands, mostly i in 


| Malaysia. There is a small but growing 
market for sago starch, not only for food =. 
use and industry (textiles and paper) but jp 


also for production of high-fructose syrup. 
Professor Flach’s espousal of the sago 
cause began in 1970, and with backing 


| fromthe World Bank, the Food and Agric- 


ulture Organization (FAO) and the Dutch 
Government he organized international 
symposia on the subject in 1977 and 1980. 
Earlier this year there was a discussion on 
sago at an FAO workshop in Jakarta, 
Indonesia and Flach is now organizing a 
third symposium — this time in Japan 
where there is considerable interest in the 
crop. 

A new sago starch factory is to be con- 
structed in Indonesia, where the cultivated 
stands can produce at the rate of 2.5 to 5 
tonnes per hectare. World starch pro- 
duction from cereals is about 1,360 million 


tonnes so the 2.2 million hectares of sago $ 


palm could produce only some 1.5 per cent 
of world production, but in some areas the 
contribution from sago palm could be 
important. In Sarawak, for instance, the 
palm is an important crop in peaty soils, 
and in swampy areas in the tropics sago 
palm will grow quickly (8 years to maturity 
compared with 13 years in other areas). In 
food energy terms the palm will out-yield 
any other crop. 

Professor Flach does not see pure sago 
starch as a challenge to the central role of 
rice, but in Indonesia more and more 
people are eating bread, and sago starch 
added to bread flour can significantly 
improve quality. The country imports 
around a million tonnes of grain a year, 
and any application of the indigenous sago 
palm that would help reduce imports 
would be of vital importance. 

Most of the work on sago palm is | 
directed towards production in Indonesia, - 
where the ministry of public works is study- 
ing the potential use of coastal swamps in 
sago growing. And now there is a major 
project sponsored by the World Bank. 
“Suddenly nearly everybody i is working in 
the field’’, says a surprised Professor ` 
Flach. CasperSchuuring 
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Software copyright 


MITI retreat on 


okyo 

JAPAN’s Ministry of International Trade 
and Industry (MITI) has abandoned its 
controversial plans to make changes in the 
laws governing software copyright — 
changes which, in the US view, would have 
made ‘‘worldwide software piracy legal’’. 
But plans are going ahead rapidly to 
strengthen the software industry by setting 
up anew Y 290 million (£900,000) database 
research centre and by merging software 
organizations into a single promotional 
group. 

= What worries MITI is that Japan’s soft- 
ware industry is not growing sufficiently 
rapidly to enable it to catch up with the 
West. In the United States and Europe, the 
explosive growth of the software industry 
has been fired by the appearance of huge 


numbers of small entrepreneurial software | 


houses selling software packages wherever 
a niche can be found for them. Japan is on- 
ly just entering this stage. Until now, 
growth has been hampered by big busi- 
nesses which want to construct their own 
software or have its specially built for 
themselves alone, rather than buying a 
package off the shelf. 

To try to boost the industry, MITI called 
for a new law “‘more clearly to protect the 
rights of computer programmers” and to 
_ give programmers the right to “allow or 

refuse the use of software by a third 
party”. At the moment, software rights are 
provided inan ill-defined way by copyright 
laws administered by the Ministry of 
Education, Culture and Science (MESC)’s 
Cultural Affairs Agency. 
.. But instead of the fifty years’ protection 
- given under Japanese copyright law or the 
seventy-five years given under US law, 
MITI proposed that only fifteen years be 
guaranteed — even though some of the ear- 
ly US software still in use is already about 
that old. What is more, the new law made it 
possible to require a software developer to 
sell his software in exchange for a 
“freasonable payment’’, whether or not he 
wanted to sell it, when the sale was “‘in the 
public interest” or when use was refused 
without a ‘‘justifiable reason’’. 

Despite strenuous denials from MITI 
that the plan had been thought up to help 
Japanese companies to get access to US 
software technology, the US software in- 
dustry reacted with fury. Many also felt 
that the successful lawsuit brought by IBM 
against Fujitsu and Hitachi — two of 
Japan’s top computer makers — which 


forced them to pay huge sums in compen- | 


. sation for allegedly copying and reselling 
IBM software had stirred MITI into propo- 
sing such a radical change in the law. 
Joining in the US protest was MESC’s 
Cultural Affairs Agency, which refused 


under any circumstances to yield its control | 


of software copyright to MITI. The com- 


= bined opposition was eventually sufficient 








NEWS 


**piracy”’ 


to overwhelm MITI, but not before a 
remarkable series of semantic squabbles 
between MESC and MITI over whether 


software was akin to literature, and thus 


clearly material that should be protected by 
copyright, or an ‘“‘industrial process” 


| which MITI could claim should be dealt 


with by its patent department. 

While MITI’s plans for new software 
laws have reached a dead end, progress has 
been made this past week in regrouping 
Japan’s database research and develop- 
ment groups. MITI is to use funds from 
one of its more profitable sidelines — 
running the nation’s bicycle races — to 
draw together the fragmented database 
industry. Under the bicycle race law, MITI 
supervises the ‘‘fair and safe conduct of all 
bicycle races’’ and puts the profits into the 
improvement of ‘‘bicycle and mechanical 
technology” as well as improvements in 
‘medical care and public hygiene”. 
Although funding databases may be 
stretching the law’s original intentions, 
Y170 million has been earmarked from the 
fund as an initial payment to help set up a 
new institute for database research. A 


further Y120 million is to be provided by | 


a group of 20 industrial companies, 
including Mitsubishi, Hitachi, Toshiba, 
NEC and Fujitsu, that MITI is bringing 
together along with a number of academic 
researchers in the universities to form the 
new group. 

The aim is to bring database develop- 
ment up to Western levels. 


Hungarian science 


Making the most of society 


HUNGARIAN biology must come to terms 
with the challenge of computers, 
information technology and systems 
analysis, Dr Janos Szentagothai, president 
of the Hungarian Academy of Sciences, 
told the academy’s general assembly last 
month. The theme of the meeting was the 
relationship between biology and society 
— an important subject in a country with 
a considerable agricultural and food 
industry and environmental legislation 
going back to the mid-nineteenth century. 

Dr Szentagothai concentrated on three 
main topics: the academy’s role as 
scientific coordinator in the preparation of 
socio-economic decisions, basic research 
of ‘‘outstanding future importance” and 
participation in certain aspects of scientific 
public life. He stressed the setbacks 
suffered by Hungarian science as a result of 
the swingeing cuts in research expenditure 
two years ago. Even a year’s moratorium 
on spending on new equipment and the 
servicing of equipment already purchased 
from abroad had, he said, greatly hindered 


the utilization of the country’s leading | 
intellectual resources. 


MITI was | 





Renessary i lists oi candidates. 







spurred into action by the result ofa surve 
showing that 679 databases were in us 
Japan — ranging from economic statisti 
to chemical literature — but only 157 
per cent) of them had been developed 
inside the country. Major problems have _ 
yet to be overcome, however, to bring: a 
together the different groups working on __ 
databases. Some databases are already 
being developed in universities and in the 
Japan Information Centre of Science and 
Technology with support from the Science us 
and Technology Agency. Le 
A large database is also under construc- aes 
tion in MITI’s patent office to store patent 
information. As it covers a very widerange 
of fields, it is essential that it be properly os 
integrated into the overall strategy. The 
problem is the familiar one in Japan of © 
getting competing ministries to work. T 
together — particularly difficult in this-case 
because part of MITI’s aim in se 
the group was to establish that databa 
belonged in its territory rather than that of 
the Ministry of Posts and Telecommuni- 
cations. The problems are expected to be ` 
resolved by the summer and the location — 
and structure of the centre to be agreed 
upon. - 
A new industrial grouping is also almost 
ready for those involved in other areas of 
software development. Both personal and- 
commercial software are now to bi 
grouped together into one umbrella 
organization under MITI’s aegis to provide | 
a centralized group capable of. more 
“organic” activity. The details of the new - 
Organization will be released by MITE 
at theend of the month. 
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During the meeting, Deputy Preiier 
Jozsef Marjai announced a special govern- 
ment credit of 200 million forints (£33 
million) for research, in addition to what 
had been originally planned, most of itto 
be allocated by the academy for basic ~~ 
research. Nevertheless, Dr Lenart Pal, the 
general secretary of the academy, urged 
that other ways of generating research 
funds must be encouraged, such as the 
formation of ‘profitable partnerships and 
subsidiaries” by research institutes and 
industry. 

It was, however, what Dr Szentagothai 
called ‘‘scientific public life’’ which 
provided the major innovation this year. 
Starting in 1985, the academy’s elections 
are to be “‘democratized’’, with multiple 
candidates for each elective post 
(president, vice-president, presidium 
members) and tenure normally restricted 
to two consecutive five-year terms. A - 
l4-person nominating commission, = - 
headed by Professor Bruno Straub, was - 
elected by this year’s assembly, and will 
begin work next March on preparing the oe 
“Nera äich. ie 


















- -assertion (Parker, Dry Bones, 


ee ‘gephisticated sic museum display”, an 
essentially similar pictorial representation 








SIR — Jukes’s commentary on his caricature 
of creation (Nature 308, 398-400; 1984) 
is a superb illustration of the unscientific 
approach of the anti-creationists, es- 
pecially his conjuring up of “‘data’’ to 
support his polemic. Contrary to Jukes’s 
demonstrably false claims, I have never 
sent graduate students to do field research 
on fossil human footprints (although I 
have led them on Grand Canyon field 
studies), have never even considered 
specializing in the ‘‘ecology of Noah’s 
Ark’’, and certainly did not (indeed, could 
not) synthesize the Taylor’s sophisticated 
museum display with which I am pictured. 
In the ‘half (or one-tenth) truth” 
z category, Jukes labours the fact that I 
— wrote a children’s book on fossils, but 


< mentions neither that the book was written 


for Christian families (not at all for public 
schools) nor that I have co-authored two 


= two-model books with quite a different 
=: approach for public schools and, with a | 


ighly respected biologist, four widely used 
sllege programmed textbooks in biology. 
His misrepresentation of my colleagues 
<- and. other aspects of creation science are 
even. further off the mark. 

If Jukes (unfortunately rather typical of 
the anti-creationists) cannot be trusted 
accurately to report simple, easily obtainable 
-facts verifiable in the present, how can 











~~ anyone trust his wild-eyed speculations 
_ about the complex and unobservable past? 


. It is sad to see a man of Jukes’s former 
_ stature sink so low. But if Nature (a 
n refereed journal?) and those evolutionists 


= who are scientists want to retain a claim to 


=o fair and objective scientific rationality, 
< they must separate themselves publicly 


a from. Jukes’s pitiful tantrum. At least | 





ny -Jukes’s article will make thinking people 


-everywhere wonder what is wrong with 


eliminating ‘‘the current methods for 
teaching evolution” if he exemplifies them. 


GARY E. PARKER 
Graduate School, 
Institute for Creation Research, 
2100 Greenfield Drive, 


El Cajon, California 92021, USA 


@ Jukes replies — Professor Parker 
incorrectly states that I wrote a caricature 
of ‘‘creation’’. My article was about 
creationism, a rather different topic. 
Parker says he has ‘‘never sent graduate 
students to do field research on human 
footprints’. However, this topic of 
graduate study is listed in the Institute for 
~. Creation Research (ICR) General Catalog 
co . (p.14). His “Grand Canyon field studies”? 
would presumably be related to his 
pp.53~-54) 
that the canyon was formed 5,000 years 
ago by the Great Flood. Although he 
synthesize the Taylor’s 


8 -appears in Dry Bones p. 24. 





piii OT eee ence 
Creation research and Noah 


Parker’s speciality on the ecology of 
Noah’s Ark was inferred by me from Dry 
Bones, which devotes about 16 pages to 
Noah’s Ark and the flood, with pictorial 
details of the fauna and their food supply. 

Parker says I did not mention that Dry 
Bones was written for Christian families. 
The book is offered for public sale in the 
ICR book catalogue, where it is described 
as ‘‘fun as well as educational’’. Despite 
Parker’s assertions, Dry Bones has been 
used for science instruction in at least one 
public school, where it aroused protest by 
families that include Christians. I did not 


| find it necessary to publicize his other 


literary efforts. 
I made no misrepresentation of his 


- colleagues; I let them speak for themselves. 


Parker speaks of my ‘‘wild-eyed 
speculations about the complex and 
unobservable past”. The best response 
is to quote some of Parker’s own 
pronouncements. For example: 

“If the fossils are the plants and animals 
drowned in Noah’s Flood, then they would all 
be about five to seven thousand years old.” 
(lec. cit., p. 44). 

“Before the Flood there were many more 
plants without seeds compared to seed plants. 
Plants without seeds didn’t survive the Flood 


as well seed plants.” 
THOMASH. JUKES 


University of California, 
Berkeley, California 94720, USA 


Semen and AIDS 


Sir — In the letter “Semen and AIDS”, by 
G.M. Shearer and A.S. Rabson (Nature 
15 March, p.230), some consequences of 
the physiology of mammalian repro- 
duction appear to have been overlooked. 
It is true that semen is deposited in 
the vagina which is lined by stratified, 
squamous epithelium, but to reach the 
ovum sperms have to ascend through the 
endocervix which is lined by tall columnar 
(picket) epithelium. This is less likely to be 
traumatized than the rectal mucosa of a 
catamite, but its penetration by sperms has 
been invoked in explaining the origin of 
carcinoma, while anti-sperm antibodies are 
common in the human female. 
R.E. REWELL 





The Old House, 
Vowchurch, 
Herefordshire HR2 ORB, UK 
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Fetal viability 

Sir — Dr Jansen’s choice of definition of 
‘“‘previable’’ is not as plain as he thinks 
(Nature 26 April, p.768). The de facto legal 
definition of viability is currently 28 weeks 
in the United Kingdom. The National 
Health and Medical Research Council (NH 
& MRC) of Australia suggests 20 weeks; 
others suggest 22 or 24 weeks as the medical 
definition of viability. If there is ‘‘a point at 


which extrauterine existence is possible’, it | 
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would appear to extend over an eight-week 
period, which is a mathematical contradic- 
tion. But, of course, there is no “‘point’’, 
not even 20 weeks, because NH & MRC had | 
to provide a rider to this choice when ity 
stated that ‘‘dissection of the fetus should 
not be carried out while a heartbeat is still 
apparent or there are other obvious signs of 
life”. 

Dr Goodhart’s choice of definition 
(Nature 26 April, p.768) appears more 
reasonable but on analysis is seen to 
contain a major flaw. The span of human 






existence from conception until death may 


be divided into 9 months in a fluid 
environment and the remainder in an air 
environment. It is axiomatic to state that 
the fetus flourishes in its fluid 
environment, even if it may die in that 
environment. It is illogical, therefore, to 
relate the viability of the fetus to its 
unnatural extrauterine state, just as it 


would be illogical to relate the viability of 


those born to their ability to survive in a 
fluid environment once again. p 


The best definition of the term “yiable™ 


in relation to the embryo or fetus that I 
could find is ‘capable of maintaining 
life”. The term ‘‘previable’’ adds nothing 
to our understanding of intrauterine 
human existence. PATRICK W. GILL 
Neath General Hospital, 

Neath, Glamorgan SA1 2LQ, UK 





Biological control 


SiR — May I add to the list of methods 
suggested for control of the fly in a 
domestic environment? Curiously, neither 
F.E.G. Cox! nor K.L. Bell? have 
considered the possibility of biological 
control There are several advantages to be 
gained from establishing a flourishing 
domestic population of the fly’s natural 
predator, the spider. In particular, 
application of this means of control would 
overcome the moral dilemma posed by the 
choice between swatting the fly and 
forcibly expelling the insect into an often 
hostile world. 

As in all habitats, it is important to 
maintain a correct ecological balance 
within the home or laboratory. Neverthe- 
less, my proposal is preferable to a more 
drastic form of biological control recorded 
many years ago. As pointed out by R. 
Bonne’, direct predation of flies by 
humans (particularly elderly females) 
would seem to be unwise. It can be the be- 
ginning of a surprising food chain which, if 
this anecdotal account is to be believed, can 
have serious medical consequences and can 
even result in death in extreme cases. 

MICHAEL J, CLEMENS 
Department of Biochemistry, 7 
St George’s Hospital Medical School, 
Canmer Terrace, . 
London SW17 ORE, UK 


i. Cox, F.E.G. Nature WT, 8 (1984). 
2. Bell, K.L. Nature 308, 684 (1984), 
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. Bonne, R. There was an Old Lady who Swallowed a Fiy p 
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... a good name for — 
biologically active peptide 





T 


With its listing of nearly more than 4000 chemical compounds in the field of biologically active peptides, including | 
protected amino acid derivatives and peptide fragments for various methods of peptide synthesis, BACHEM’s new catalog | 
$7 1984/85 is one of the most important tools for all those scientists requiring the most different biologically active peptides | 
for their daily laboratory work. If you did not receive the catalog till now, please, send for your free copy. Nevertheless, if you oe 
cannot find a particular peptide in our catalog $7, please do not hesitate to contact our specialists for customsyntheses and 
you will get a prompt quotation. | | pee 


transformation of theoretical synthetic considerations into the sometimes cumbersome practice of peptide synthesis, we ue 
present us as your partner for contract work. | | pene 
Finally, the following information sheets are now available in new editions: 


Are you looking, however, for somebody able to produce large quantities of biologically active peptides or to help you inthe A 


-BA 035 Substance P, Analogs and Sequence of Substance P, Antagonists of 
Substance P. 

- BA 040 Enkephalins, Endorphins and Opioid Peptides. 

— BA 013 Enzyme Substrates. 

- BA 003 FMOC-amino Acids. 


All peptides described in these information sheets have been synthesized by our 
peptide synthesis department following the best synthetic ways either by conventional 
or by solid-phase methods. | i Pd 
Solid-phase chemistry at BACHEM’s laboratories is now exclusively performed on the new 
LABORTEC Peptide Synthesizer SP 640, an instrume nt which convinces by its ease 
of handling, its high reliability and, especially, by its very low price. You should immedia- 
tely ask LABORTEC for more information and prices on its Peptide Synthesizer SP 640. 


BACHEM Feinchemikalien AG Labortec: AG 
Hauptstrasse 144 Hauptstrasse 144 

CH-4416 Bubendorf/Switzerland CH-4416 Bubendorf/Switzerland 
Phone: 061/95 23 33 / Telex: 966081 Phone: 061/95 23 33 / Telex: 966 081 
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SCANNING ELECTRON MICROSCOPY 
at 
MICRO 84 


MICRO 84 takes place at the Bloomsbury Crest Hotel in London from July 9th to 13th 1984, MICRO is the largest conterence and exhibition. concer 
with all aspects of light and electron microscopy; and any one microscopical technique, such as SEM, can be easily seen in the context of all 
the other, allied techniques, available. Today, the SEM is very much a microscopist's workhorse and there is a strong SEM theme running through 
the whole of MICRO. Some symposia are directed specifically to SEM, others have particular lectures which are relevant to SEM, while in stil 
others complementary techniques are discussed. The following list highlights some of these lectures. Pee 


















SEM_OPIMISATION The main objective of this symposium is “Getting the best out of your SEM". A series of tutorial. lectur 
(Thursday /Friday) from acknowledged experts will cover the instrument, its operation, specimen preparation, imager oO ir 
and image interpretation, E ae, 


TUTORIALS IN. MODERN This Symposium is concerned with microscopy and analysis of solid specimens, The lectures will not only cover. Hs 
ASPECTS OF MICROSCOPY SEM methods for the non-expert, but aiso Quantitative Microscopy, Scanning Optical Microscopy, Acoustic Micros- 
(Wednesday) copy, and Atom Probe Analysis. | 








STATE OF THE ART_IN TEM AND STEM A ‘series of tutorial lectures will deal with imaging and analysis of thin specimens, Among other things, - 
(Tuesday) the. symposium is intended to update the Knowledge of those not working directly with TEM or STEM, 


ANALYSIS IN THE SEM In the sessions on X-ray microanalysis and cryo-techniques a number of the presentations specifically 
{Friday} deal with preparation of specimens, including by low temperature methods, and their analysis in SEMs, 





IMAGE RECORDING The symposium will include lectures on optimisation of scanning images, electronic processing of images; 
(Wednesday) and photographic recording of images. 





APPLICATION OF SEM l Throughout MICRO, many of the sessions will include lectures on applications of the SEM to- structural 
(Throughout: MICRO) Observations and microanalysis. Topics including an SEM component include: interfaces in semi-conductors; e 
H automated SEM in environmental studies; automatic SEM particle analysis in forensic science; SEM in the ooi 

study of ancient materials, eas 








(Throughout MICRO) covering the complete spectrum of instruments and techniques including, of course, full representation. 


EXHIBITION It is expected that more than 50 ‘companies will be exhibiting their latest microscopes and ancillary equipment, : 


Details of the MICRO 84 programme, and further information, are available. fromin 


The Administrator, Royal Microscopical Society, 37/38 St Clements, OXFORD Ox4 1AJ, Telephone: (0865) 248768/721081 
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Molecular biologists now using 





to locate functional patterns 


“As we learn more about the regulatory nature of the various genetic 


functional domains, and more about what.. 


„is recognized within those 


domains by cellular hardware, our comparative sequence and pattern 
identification algorithms will have to be generalized...” 
— Sadler, Waterman, and Smith, NAR, April 11, 1983 


Biological recognition searches | CLONER will also: 


Regulatory sequences in DNA are in- 
herently both redundant and complex. 
: _ Consequently, a a software tool that 
~~ Jocates netional patterns must pos- 
sess great flexibility. IntelliGenetics, 
the Palo Alto-based scientific software 
firm has developed this tool. 

© QUEST searches for biologically 
- important consensus sequences, with 
-any degree of specificity or redundancy. 
© o QUEST recognizes redundant patterns, 
<. and patterns of patterns. For example, 
comments in the NIH sequence library 
- can be searched for the pattern “hor- 
mone” to generate a file containing 
hormone encoding sequences. This 
file can then be searched for three 
elements defining a gene: start, open 
reading frame, stop. 
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| CLONER : 
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Í CLONER : 


-The bit-map display provides PAR: -resolution maps and 


-multiple windows, 


Artificial intelligence based 
graphics program 
-= Anew program currently being de- 
ES veloped: is a computer aided design 
-> tool called CLONER. With this pro- 
gram, the molecular biologist will plan 
and create new molecules by recom- 
bining DNA segments such as vectors, 
= genes, promoters, and enhancer- 
© segments. 


region omy MERA iA 


Papiay phrizz 





è store and retrieve maps of vectors 
and genes whether or not their nucleo- 
tide sequences are known 

è carry genetic and functional infor- 
mation about regions of the maps 

e manipulate map segments identified 
by restriction site names, by coordi- 
nates or by region information 

e generate new maps when a vector Is 
modified including all of the region 
information, restriction sites, gene 
locations and polarities 

e determine whether regions with 
genetic function have been modified 
by electronic recombinations 

® prepare copy-ready formal maps for 
reports, proposals or publication 


The role of the desktop mini- 


computer in genetic engineering — 


Computers allow molecular 
biologists to gain new in- 
sights from their data. 
IntelliGenetics users are 


regan te PAI 1275 


cally because their com- 
puter tools eliminate many 
time-consuming tasks such 
as those associated with 
shotgun sequencing proj- 
ects and restriction enzyme 
fragment mapping. 
Microcomputers are use- 
ful for data editing and 
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more productive scientifi- 
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Palo Alo, California 94403 
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| Combinations of keys enable QUEST to isolate 


complex patterns. 


simple, unambiguous sequence searches. 
However, complex pattern searches re- 


| quire the power of a 32-bit computer. » 


All of IntelliGenetics genetic engineer- ` 


| ing tools, plus databases are contained 


in a 32-bit UNIX computer: the BION 
Workstation. BION has been developed 
by IntelliGenetics to bring computer 
aided design to molecular biologists. 


Dedicated to complete support 

IntelliGenetics is dedicated to Improv- 
ing the quality of science pursued by 
members of the molecular biology 
community. More than 400 molecular 
biologists are now using IntelliGenetics 
products in their recombinant DNA 
research. They have the tools needed 


to make significant scientific contri 
butions due to IntelliGenetics ongoing | 


development efforts and staff of mo- 
lecular biologist computer consultants. 

Write for our literature. Let us show 
you how we can help your research 
effort. 
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- BEARDMORE and Karimi-Booshehri! 


recently reported an association between 
ABO blood group phenotype and social 


class. They found that in both sexes the 


A phenotype was significantly more _ 
frequent and the O phenotype significantly _ 





less frequent in social classes I and IE, the 


converse being true for social classes H, 
IV and V. In an attempt to replicate 


Beardmore and Karimi-Booshehri’s find- 
ings we have analysed data obtained. by 
the National Child Development Study 
(NCDS)*. | 
The NCDS study commenced as the 
Perinatal Mortality Survey and involved 
_ all children born in Britain during the 
o= Week 3-9 March 1958. At that time 
detailed obstetric data were obtained on 









od type (ABO and Rh status), her 
upational status at commencement of 
as gnancy, and the occupational status of 
her father and of her husband were noted. 
"The standard geographical region in which 





also recorded. 





| (although this necessarily excludes a large 
number of women who are housewives); 


(2) on the basis of her father’s occupation Da 
(when she left school); (3) on the basis of 
her husband’s occupation (in 1958). We- 
have used all three classifications in analys- 


ing the relationship between ABO blood 
group phenotype and social class. 

<: Table 1 presents the breakdown of 
ABO blood group phenotype by social 
class and by migrational status. Natives 
were defined as those born and still living 
in the same region; all other individuals 
were classified as migrants. The regions 


were defined as the 11 standard regions. 


of Britain’. : 
For all three classifications of social class 
+ we found no evidence to support the 
notion of either heterogeneity between 
migrants and natives ABO phenotypic dis- 
tributions (see Table 1) or an excess of 





the A phenotype in social classes I and Il. 
‘There are several possible reasons for 
our failure to replicate Beardmore and . —— —— 

Malus in parentheses are d.f. 


_ Karimi-Booshehri’s results: 





child**, In addition the mothers 


eS úst- apna AA WHICH social class 
-she lived and in which she was born were E i 


The occupational status of a married 


woman can be classified in several ways: 
(1) by her own socio-economic group- 


social class 








Table 1 Percentages of | AB 





© Blood 


| Classification : ie Pea. oo group. I op. IH 


Mother’sown Migrant A © 41.7 394 


~ 0O 50.0- 49.8 


B 7.6 6.9 
AB | 0.7 3.9 
Total no. 144 436 


Native A 40.8 42.3 
ee O 47.8 46.6 
B 8.0 8.5 
AB 3.3 207 
Total no. 299 1,832 


Social class 


and socio-economic cl 


A report last year, based on a study of a British population, that A blood groups 
more common among members of the higher s 
~<a wealth of correspondence, some of which. 

_ original authors. The general conclusion see 





o- -natives and migrants in Britain 


44.4 50.0 


43.7 42.9 — 


9.3 5.4 
2.6 1.8 
151 56 


48.6 44.7 
8.2 5.8 
1.7 1.9 

805 206 


xX? testing: ABO by social class (migrant) x? (9) = 8.359 P=0.498 
ABO by social class (native) sy? (9) = 7.226 P=0.614 
ABO by migrational status x? (3) = 1.306. P = 0.728 
Migrational status by social class x? (3) = 54.963 P<0.001 


I H H 
Father’s Migrant 


© Totalno. 69 317 882 
Native = A 40.4 40.9 412 
| Bo 10.1 85 8.4 
AB © 20 320+. 29 
x? testing: ABO b 
ABO 

ABO b 






Oe 47.5 47.4 475 


| vey 
A 36.2 388 41.5. 
o 59.4 530 46.0 
© B 00 47 8&7 
AB 4.3 i am 


41.7 45.7 
474 42.6 
78 78 
32 39 
348 129 


43.6 41,7 

454 45.0 

8.2 10.3 

o 23:8 3.0 
1,585 62¢ 


social class (migrant) x? (12) = 17.320 P=0.138 
social class (native) | x (12)= 6.551 P=0.886 
y migrational status x? (12) = 5.062 P= 0.167 


Migrational status by social class x? (4) = 110.064 P<0.001 


I u mm 


Husband’s Migran <A 37.8 42.2 40.9 
O 51.9 46.8 46.4 
B 8.9 8.7 9.3 
AB 1.4 2.3 3.4 
Total no. 214 393 993 
Native A 434 434 41.4 
| O 48.4 454 46.8 
B 5.5 7.2 8.9 
AB rae | 4.0 3.0 
Total no. 256 917 3,991 


X? testing: ABO by social class (migrant) x? (12) = 


Migrational status by social class 


IV V 
45.4 41,2 
45.4 43.8 
69 12.5 
2.3 2.5 
262 80 


40.8 39.2 

48.6 48.6 

8.1 8.7 

2.5 3.5 
1,293 426 


9.350 P=0.673 
ABO by social class (native) x? (12)= 13.629 P= 0.325 
ABO by migrational status X? (3) = 0.874 P=0.832 | 


O blood group phenotypes by social class (three classifica 


3,1 










: has generated — 






Total 


No. | 


805 
910 
173 

54 


Me 


2,855 415 


















(1) We have looked only at women, 


whereas Beardmore and Karimi- 
Booshehri considered both sexes. 
Nevertheless it is clear from their analysis 
that their effect is found in both sexes to 
the same degree. We have attempted to 
repeat their study by considering both 
natives and migrants. If this restriction is 
removed, the sample available for analysis 
increases, but there still remains no associ- 
ation between ABO blood group status 
and social class. | 

(2) The NCDS is a sample of the breed- 
ing population of Britain whereas the 

blood donor data will also include non- 
breeders. However, it is more likely that 
the sampling procedure used by the NCDS 
generates a truly random sample, whereas 
it ‘is not inconceivable. that blood donor 
data could be biased. 

=o (3) Some evidence of nonrandomness 
i in the blood donor data can be obtained 
`- from analysis of the social class distribu- 
_ tions. Comparison of each data set with 
the Registrar General’s social class distri- 
ions indicates that the NCDS data do 
differ markedly from expectation 
ereas the donor data reveal a significant 
ess of people in social classes II and V 
out 5% and 12% respectively) and 
ve deficiency of 21% in social class 
IH. There is also marked heterogeneity 
“between NCDS and blood donor samples, 
-for example, using the husband’s occupa- 
~ tion xy? = 1,746.855, P< 0.0001 (d.f. = 6). 
` Restricting the comparisons to the Regis- 
-trar-General’s standard regions of East 
` and West Riding and south-west England 
_ does not affect the above conclusions. 
= We also note that Beardmore and 
= Karimi-Booshehri found an association 
only between ABO phenotype and social 
_ class and not between migrational status 
< and ABO phenotype, despite a clear 
- association ‘between migranona status 
and social class. 

(4) The ABO phenotype. frequencies 
differ between samples. This is to be 
expected since we have analysed data from 
.. Britain as a whole rather than two geo- 
_- graphical regions. However, if we restrict 
< our analysis to the two Registrar-General 
-standard regions mentioned above there 
= js no heterogeneity in ABO phenotypes 
_ between samples. Even with this reduced 
_ sample we can find no evidence to support 
< Beardmore and  Karimi-Booshehri’s 
ee results. 
oe We have also examined the relationship 
n between: ‘social mobility and ABO 
phenotype, classifying mothers on the 

















© basis of her own and her father’s social 


class, as either upwardly mobile, down- 
< wardly mobile or non-mobile. Again there 
= wasno evidence that this intergenerational 
© social mobility was related to ABO 
phenotype (x? = 1.457, P =0.962, d.f. = 
6). 

We thank Mr K. Fogelman, and the 







us to re-analyse the data obtained by the 
tional Child Development Study, and 


= yy COMMENTARY — 


Research Council’s 
supplying the data. 


Survey Archive for 
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London W9, UK 
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IN a recent article’, Beardmore and 
Karimi-Booshehri showed that among 
10,000 blood donors from south-west 
England and Yorkshire there were 
marked differences in the ABO blood 


in 1958. Here we analyse data from | 
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Mr E. Rouche and the Social Science — ‘group dieributon with social class. The 


study by Mascie-Taylor and McManus 
shows an analysis of women who gave 
birth in the 1 week’s national birth survey 


subsequent birth survey. The data relate “ 
to 14,384 women resident in Great Britain 
and who gave | birth in the week 5-1 1 April 
1970. The data were collected in the Brit- 
ish Births survey** sponsored by the 
National Birthday Trust Fund. Well over 
95% of all births in England, Scotland, 
Wales. and- Northern Ireland were 
included. 

The ABO blood groups of these 
mothers were compared with their social 


~ class, based-on the occupation of the hus- 


there was ono- significant | 


bands, using the Registrar General’s 
Classification of Occupations*. Unmarried 
mothers and those whose husbands’ occu- 
pations were unclear were omitted (n= 
415). Ths distribution of ABO blood 
groups using this classification is shown in 
Table 2. As shown for the 1958 survey, 
difference 
between the social classes. . 

This classification: uses the ‘husband’s 

occupation. We did not use that of the 
woman herself. since married. pregnant 
women are often housewives or are only 
in part-time employment. Information 
was available, however, concerning the 


PSSO NOAOA ALCS ATI A ACT RCRA anaana 


Table 2 Distribution of ABO blood groups of mothers delivering during 5-11 April 1970 by 
social class (based on husband’s occupation) 


Social class E 
Blood group | | nR 
of mother I II Wi IV Mv All known 
O 368 822 4,110 1,099 | A84 6, 883 © 
(48.0%) (47.0%) (47.6%) (49.2%) _ (49. 0%) (47.8%) 
A 300 727 3,482 833 373 5,715 
(39.1%) (41.4%) (40.3%) 37.3%) (37.7%) (39.7%) 
B 73 160 792 = 231. 108 1,364 
(9.5%) (9.1%) (9.2%) (10.3%) (10.9%) (9.5%) 
AB 26 4§ 258 © 70° 23 422 
(3.4%) (2.5%) (2.9%) (3.2%) (2.4%) (3.0%) 
All known 767 1,754 8,642 2,233 988 14,384 
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%) { 100.0%) 


y? = 16.1, d.f=12, not significant. 





Table 3 ABO blood groups according to highest educational qualification of mothers 

















o _ National Children’s Bureau, for allowing 


Highest educational Blood group All 
qualification O A =- B AB known 
None 2,884 2,510. 574. 180 6,148 
(46.9%) (40. 8%) (9.4%) 2.9%) (100.0%) 
Vocational 778 623 142 45 1,588 
(49.0%) (39.2%) (9.0%) (2.8%) (100.0%) 
O-level or equivalent 932 816 162 591,969 
(47.3%) (41.5%) (8.2%) (3.0%): E (100. 0%) 
A-level or equivalent 186 154 47 LF ee 
(47.2%) (39.1%) (11 9%) (1. 8%) ca (100. 0%) 
SRN or Certificate of 272 211 52 1400 | BAD 
Education (49.6%) (38.4%) (9.4%) (2.6%) { 100. 0%) : 
University or college 181 173 40 10 =. 404 
degree or other higher (44.8%) (42.8%) (9.9%) (2.5%) (100. 0%) : 
All known 5,233 4,487 1,017 315 O TOS. - 
(47.3%) (40.6%) (9. (2.9%) 





xy’? = 12.7, d.f=15, not significant. 


(100.0%) ` : | a À 
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` educational qualifications of the mothers 
of the surviving children who were fol- 
-lowed up at the age of 5 yr. 

As shown in Table 3, there is no 


b evidence for a trend. The evidence of 





_ Beardmore and Karimi-Booshehri! would 
suggest that, as the educational qualifica- 
tions increased, so the proportion of blood 
group O would decrease, and that of A 
would increase. True, in our data there 
were slightly more women with university 
degrees who had blood group A but this 
was far from statistically significant (x° = 
0.5, d.f=1). 

What, then, might account for the differ- 
ences between the two studies? Both, of 
course, have selection biases—in Beard- 
more and Karimi-Booshehri’s data, blood 
donors only are included and housewives 
are excluded. In our study, women who 
are infertile will be excluded and those 
with high fertility will be more likely to 
be represented. Although we have no 
information on the ABO distribution of 
the former, it has been shown? that there 
is little variation in the distribution of 
ABO blood groups with the number of 
pregnancies the woman has already had. 

From the data presented here we sug- 
gest that, although perhaps true of non- 
migrant blood donors in Yorkshire and 
_ the south-west of England, the finding of 
more blood group A amongst the upper 
= social classes cannot be extrapolated to 

the female population as a whole. We 
_. know that data from the 1958 birth survey 
~ (see above) substantiates our findings. We 

-therefore suggest that the original results! 
are likely to have been due to one of those 

random statistical variations which must 
occur by chance. 
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FROM a y* analysis done on an historic 
(1953-63) data base, Beardmore and 
Karimi-Booshehri' conclude that attri- 
butes influencing occupational type, social 
mobility and social class result from 
pleiotropic effects of the ABO alleles (or 
genes closely linked with them). In the 
most cogent of their theoretical citations, 
Herrnstein? suggests a possible heritable 
relationship between social class and intel- 
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ligence. The authors also cite Arthur 
Jensen’s work*. Many recall the social 
upheaval which accompanied those writ- 
ings a decade ago and seek to be very 
parsimonious when making ties between 
genetics and social class. In that context, 
I suggest that while the author’s 
hypothesis may be true, it is not yet clearly 
indicated, Their extensive data seem bet- 
ter interpreted with the notion that there 
is no direct path from these genes to the 


behavioural phenotypes. In earlier work 


concerned with single gene substitutions 
and behaviour, I have supported the posi- 
tion that while single genes may sometimes 
have major effects, they often affect many 
forms of behaviour and that particular 
psychological traits are frequently influen- 
ced by many genes”. In the service of that 
theoretical viewpoint, I have reassembled 
and recalculated the data on ABO 
phenotypes as they assort by socio- 
economic group. 

The highly significant outcomes repor- 
ted’ do represent real findings with regard 
to differential distribution of the ABO 
blood phenotypes across the five socio- 
economic job categories chosen. How- 
ever, the authors have repeatedly com- 
bined categories to give classes I+ II and 
HI+IV+V. They also present the results 
by comparing the frequency of A 
phenotypes to the O+B+AB phenotype 
combination across the socio-economic 
categories. According to conventional 
usage in the behavioural sciences” infor- 
mation is lost by these procedures. Groups 
may be (sensibly) combined for an analy- 
sis, of course, but this is normally done in 
order to meet the restrictions regarding 
minimum expected frequency require- 
ments’. With these data, even the least 
frequent phenotype (AB) provides sample 
sizes that are adequate for independent 
x? tests involving all five job categories. 
Then, since the y? distribution is insensi- 
tive to the effects of order, a presentation 
of the contingencies by cells shows up 
areas of particular effect. Table 4 gives the 
obtained frequency divided by the expec- 
ted frequency ratios for the four ABO 
phenotypes. It will be seen that for each 
phenotype there are one or two contingen- 
cies which indicate either marked under- 
or over-representation. The A phenotype 
is heavily over-represented in job category 
I and it is marginally high in category IL. 
Phenotypes O, B and AB are all much 
under-represented in category I but show 
very different distribution patterns across 
categories II to V. The AB phenotype is 
low for category II as well as I and is 
notably high for category V. The test for 
the contingencies of Table 4 is significant: 

x? (d.f. = 12) = 83.03, P<0.001. 

X This significant statistical outcome, and 
those of the original report, may represent 
what can be called ‘behavioural 
pleiotropy’. They do not confirm true 
pleiotropy, as that term has had meaning 
in formal genetics. In his classic text 


Griineberg® discussed genuine and what | 








Table 4 Obtained frequency/ex ex 
frequency ratios in the total data set of Bea 
more and Karimi-Booshehri 


trys 





Blood Socio-economic category SEA 
phenotype I H IN O IV e Meisn 


1.09 0.96 0.99 092 


A 1.34 | 
O 0.74 0.91 1.06 0.98 106 — 
B 0.74 1.08 0.92 1.10 1.02. ~ 
AB 0.78 0.84 1.00 0.99 
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he called * spurious’ pleiotropy. The rule 
is that in genuine pleiotropy a single gene 
controls two or more different traits which 
it produces directly by the use of different ~ 
mechanisms. In spurious pleiotropy the 
gene does two or more things through the _ 
same mechanism or else has one effect 
which causes other things to happen Fi 
example, in mice, A”, a single gen 
has genuine pleiotropic structural effe 
for example, increased fat deposition, s! ke- 
letal enlargement, linear size increase, also : 
shows behavioural (spurious) pleiotropy ` 
in that it is also associated with the amount 
of explorary activity exhibited by 
C57BL/6J mice’. The genuinely 
pleiotropic traits sum to effect greater 
body weight which, in turn, accounts for > 

48% of the variance in activity when Aa 
mice are compared with aa controls’. o 
Thus, the behavioural pleiotropy can be _ 
clearly shown statistically but has no as 
genetic basis of its own. 7 o 

So finally, if we evaluate all of the ABO 
phenotypes concurrently, both the stati 
tical and the definitional. points wor 
together in our understanding (and lac 
of understanding) concerning how the — 
class differences reported’ come to be > 
associated with the ABO blood antigen _ 
system. We see that one blood phenotype 













is at comparative advantage for em-_ : 
ployment, another (the AB phenotype) is 


at comparative disadvantage, and that 2 


(especially in categories H-V} there is a 
great deal of intra-phenotypic variability 
across the socio-economic. groups. This. 
last point tempers the positive finding that- 


the greatest part of the overall. effect is 


seen at the extremes of the socio-economic ||: 


continuum. a 
Thus, it seems a long way from the 
statistical outcomes to the privilege (or 
poverty) of class-based experiences, 
activities, comfort and substance as these 
subjects have matured from birth to their 
time of blood donation. In short, when we 
can show that some genotypically influen- 
ced mechanism intervenes between the 
socio-economic continuum and the dis- 
crete phenotypes of the ABO blood sys- 
tem, then we can show pleiotropy. When 


no mechanism is evident and a statistical _ 
outcome is our only basis, then social, 


cultural or other environmental influences i 


seem more likely to contribute much of E 
the variance to the behavioural pleiotropy 


found. . | 
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THE conclusion of a recent paper’, that a 
leiotropic effect of ABO alleles or linked 
enes can influence occupational type, 
ems to be premature. The authors 
assume that occupational classes are 
ee omogenous. from an ethno-historical 
` point of view, assortative mating among 
-social classes is not significant, the ABO 

- distribution of donors is similar to that 
found in the general population, selection 
on the ABO system is not differently 
operating in social classes and finally, that 
_ the occupation as a variable is the most 
_. representative one that defines the stratifi- 

cation of a society. 
: In Chile, as the authors mention, there 
is a-clear socio-ethno-genetic cline which 

Originated at the Spanish Conquest in 

= 1541 ?°. The highest socioeconomic strata 

_. of urban areas have gene frequencies for 
ABO, Rh and other. genetic markers 
S similar to those found in Europe, the 

Jowest ones have gene frequencies similar 
_ to those expected for a half European- 
Chilean: Aboriginal’ admixture; middle 
classes have intermediate values®. This 
cline is present independently of the last 
_ two or three generations of European 
< inmigrations’*. Thus the problem is to 

-explain why such a cline has persisted for 
17 generations. Aboriginal people disap- 
peared a few generations after the Spanish 
` Conquest. Even 20% socioeconomic ran- 
_ dom mating should have cut down these 
gene differences but a strong socio- 
= economic assortative mating was found in 

- the population of Santiago”. This seems 
-tobe the explanation for the stability of 
the socio-genetic cline. There is no reason 
to assume that a similar mechanism is not 
operating in England. Since geographical 
















© population heterogeneity (like that found 


- also in Chile) due to invasion, settlement 

_ and migration is accepted by the authors, 
it would be necessary to demonstrate that 
ethnic heterogeneity and assortative mat- 


-ing among occupational classes cannot 
<:> explain the observed ABO heterogeneity, 
on Peart accepting the authors’ hypothesis. 
as donors may not represent either 


ta 
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the social or the genetic structure of their 
populations of origin. This could not only 
be due to higher requirements for O and 
Rh” blood groups as the authors assume. 
If the relationship between ABO and dis- 
eases is accepted, and donors are relatives 
or friends of patients that need trans- 
fusions, the ABO distribution of donors 
may differ from that of the whole popula- 
tion. The authors do not describe the sys- 
tem to call for blood donors. Relatives of 
patients would increase distortions due to 
the ABO-disease relationships, colleagues 
or co-workers of patients would yield a 
distribution similar to that of the patient 
social class. These two types of calling 
donors or other ones, may be differently 
distributed in occupational classes, thus 


leading to different ABO distributions 
among them. We could not use the donors 


ABO distribution in the high socio- 
economic classes because it was different 
from the mother-~infant distribution in a 
study on socio-economic assortative mat- 
ing’. Moreover, ABO-associated diseases 
might interact with social classes in an 
unpredictable way. Furthermore, natural 
selection operating on the ABO system’° 
may differ among social classes, not 
necessarily at present, but along the his- 
tory of these classes. 

Table 1 of ref. 1 shows that in class I, 
A migrant donors are less frequent than 
A native donors (z for proportions? = 
2.14, P<0.017 in south-west England; 
z=1.2, P<0.11 in Yorkshire; z=2.25, 
P<0.013 in both places together), thus 
non-A migrant donors are fitter than non- 
A native donors to be found in class I. 
This suggests rather a socio-genetic inter- 
action and not a simple gene action on 
work abilities. 

Even accepting that a genetic action 
associated with ABO system influences 
the probability of reaching a determined 
social class, it is not possible to conclude 
that this gene action is related to skil- 
led/creative or skilled/repetitive occupa- 


tions. Several other social variables may 


influence the occupational class an 
individuals belongs to, such as culture, 
power, prestige, income and life-style, the 
latter being rather properties of class and 
conditioning individual occupation or 
social mobility. If so, the ABO-occupa- 
tional class relationship may be true, but 
only as a circumstantial association. 
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BEARDMORE and Karimi-Booshehri' 
conclude that “The only apparently rea- 
sonable explanation” for the distribution 
of the 7^ allele i is that it “confers on those 
who possess it. . abilities significant in 
determining ‘socio-economic class” 
(pleiotrophy. and linkage being gratuitous 
qualifiers). No- Jess disingenuously, they 
assert that “social mobility in the United 
Kingdom has been, for some generations, 
a factor which would tend to homogenize 
initially different gene pools”. The ques- 
tion is for how many more generations 
did social immobility increase the 
heterogeneity of gene pools? An order of 
magnitude more than “some”? And how 
quickly would Karimi-Booshehri and 
Beardmore expect that heterogeneity to 
disappear? Figuratively overnight? 
Apparently. 

People who inherit wealth do not start 
at the starting-line with the rest of the 
runners, nor do their children or their 
children’s children. It is reasonable to 
speculate that the present distribution of 
the I^ allele is one time-frame taken from 
a gradual sequence of allelic desegrega- 
tion—theremnantofcenturiesof tradition 
during which the mere possession of 
wealth and social class was enough to 
ensure the maintenance of same——-even in 
the face of a conspicuous lack of ability, 
genetic or otherwise. 
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BEARDMORE AND KARIMI- 
BOOSHEHRI REPLY-—Mascie-Taylor 
and McManus’s interesting findings on a 
sample of mothers fail to confirm ours. 
They consider a number of possible rea- 
sons for this. However, they do not take 
age into account. As the majority of child- 
ren are born to mothers in their twenties 
or early thirties there is massive over- 
representation of younger cohorts in their 
sample. Thus, quite apart from the 
omission of non-breeders, their sample 
could not be said to be representative of 
the female segment of e population in 
a social sense. | 


A second | important difference. in i ae 
=e Pa ts between: the two Le ee 
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studies is that in Mascie-Taylor and 
McManus’ data for geographical regions 
are pooled. As there are both average 
_ genetic and average socio-economic 
differences between regions the pooling 
makes comparisons very difficult. 

It is true that our data are nonrandom 
in terms of social class proportions. We 
are unable to judge the effect of our 
exclusion of cases with no or ambiguous 





occupational labels but it would not be 


surprising if this produced under- 
representation of class III especially as one 
of the commoner labels excluded was ‘civil 
servant’. However there is no obvious 
mechanism by which such nonrandomness 
should lead to the results obseryed. 
Mascie-Taylor and McManus are con- 
cerned that we have not demonstrated an 
association between migrational status 
and ABO type and believe that this may 
imply mis-classification of social class. Our 


_. view is that we have, in this study, been 





- at very considerable pains indeed to avoid 
mis-classification and that mis-classifica- 
tion is likely to have been at a very low 
level and lower than other relevant 
studies. Furthermore it does not follow 
that an association between migration and 
ABO type would be detectable as the 
influences on migration and social class 
are by no means coincident. 

There is a major difficulty in comparing 
the data of Golding et al. with ours. This 
_ 4s that they use the social class of husbands 
-to assign social class to the women in their 
Surveys. There is a correlation between 
social class of spouses but it is by no means 
perfect. We were meticulous in our assign- 
ment of social class from occupational 
type. It is interesting to note that recalcu- 
lation of the total 1958 data (n = 13,969) 


» collected in the First Perinatal Mortality 


Survey (of which the data given in Table 
l are a subset) shows the ratio A/O + B+ 
AB to be almost identical in form with 
our Fig. 1 (Spearman rank correlation in 
both cases is 0.9, P=0.05). The pattern 
for the 1970 data quoted by Golding et 
al. is different and indeed the y? testing 
homogeneity of the 1958 and 1970 data 
on ABO phenotype frequencies is very 
close to the 0.05 level of significance. The 
presence of Northern Ireland data in only 
the 1970 sample makes it difficult to assess 
whether it is this or temporal changes 
which may be responsible for the differ- 
ence. The 1958 and 1970 samples also 
differ from each other in social class com- 
position and this, too, complicates com- 
parisons. 

Hawkins raises two issues. One concerns 
the difference which he sees between ‘true’ 
and ‘spurious’ pleiotropy. This is a seman- 
_ tic point. While there may be a case for 
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Table 5 Proportions of ABO phenotypes in two samples from Aberdeen o : 





36.16 








10.72 


Phenotype 
Sample O A B AB 
Donors 50.27 35.46 10.87 3.40 709 à 
Schoolchildren 49.75 ee 47,060 





making distinctions as to types of 


pleiotropy, many geneticists, including the 


writers, would subscribe to the view that 
all effects (whether these affect anatomi- 


cal, behavioural, biochemical, reproduc- 


tive or viability aspects of the phenotype) 
of gene differences can legitimately be 
considered pleiotropic effects. The second 
point is concerned with the method of 
Statistical analysis. Pooling of data always 
leads to loss of information but the main 
conclusions are unaffected in this example 
whether we pool or not. 

We have partitioned the table into a 
series of 2X2. tables from each corner. 
Irrespective of the starting point, it is clear 
that O, B and AB do not differ over socio- 
economic class and therefore the table is 
collapsible in the sense of Bishop, Fien- 
berg and Holland’. Thus, only the differ- 
ences A/ (O + B+ AB) over social class are 
relevant. Using the partition method of 
Daly*, comparisons which show signific- 
ance (after pooling blood groups) are 
those between classes I and II and (I +III) 
against the rest. Clearly, the significance 
of the first requires further analysis, but 
the second accounts for about 50% of the 
overall y* and cannot be controverted. 
We also noted a significant effect for 
classes (I+H+IH+IV) against class V, 
but this only confirms the original con- 
clusions. 

Valenzuela takes the view that assorta- 
tive mating within social classes derived 
from ethnically different populations is the 
proper explanation of our results. While 
ethnic heterogeneity is demonstrable in 
the Chilean population it is not apparent 
in the population from which our data are 
drawn. The difference in the proportions 
of the A phenotype in migrants and natives 
is, we think, significant and needs further 
investigation. In no way do we subscribe 
to the view, which Valenzuela appears to 
think we hold, that non-genetic factors are 
unimportant in determining occupation or 
other indices of social class. 

The other question Valenzuela raises is 
that of how random a sample of a popula- 
tion is obtained by collection of blood 
donors. There is a clear need to test this 
and we hope shortly to examine this ques- 
tion using large samples of newborn and 
donors from the same region. Nonran- 
domness, if it occurs, will most likely take 





-under-representation 


_ direction of slightly more O in the dot 





the form of over-representation and 

of particular — 
phenotypes and the influence of patients 
on recruitment to donor panels in th eUK 
is unlikely to be significant. One relevant 
set of data is available in which the distri- 
bution of ABO phenotypes can becom- 
pared in donors and schoolchildren in one. 
locality. This comes from the work of 
Allan” and is given in Table 5. The 
phenotype distributions in the two sample 
agree very well and the very small diff 
ence between the two is in th 








sample. It is, of course, possible that suc 
samples differ in social composition: = z 
Hartung asks an important question 
which cannot be answered with assurance. — i 
We have, however, with the collaboration — 
of Dr R. Gilbert, attempted to make some 
crude estimates which are necessarily 
based on a number of debatable assump- —_ 
tions. Let us suppose that mixing of two .. 
populations each polymorphic for genes. 
B’ and B? with the frequencies of B} 
being 0.35 and 0.15 respectively occurs 
Even if the gene flow between. the t 
populations (‘classes’) is as low as 2% 
two classes will have frequencies of 
0.26 and 0.24 respectively in 56 gener- 
ations. With 5% gene flow the same 
frequencies are achieved in 22 gene 
ations. Using 25 yr as the length ofa gen- 
eration, the time lapse and gene. fre- E 
quencies are perhaps reasonably appli- 
cable to populations at the time of the. 
Saxon invasions of the British Isles which 
had considerable consequences for power _ ms 
and class. The important point is that these 
levels of gene flow are very low and itis 
not unreasonable to suppose that effec: 
tively much higher levels of gene flow have = 
operated both in the recent and more dis- 
tant past, although there is no obvious way 
of testing this view. 
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a -physical consequences of emotional shock 


= person’s death will follow that of his or her 


“= system is made plausible by several uncon- 
-> pected observations, not the least of which 


_. involved in the body’s immune response to, 
Say, bacterial infections are found to carry 











Psychoimmunology before its time | 





NATURE VOL. 309 31 MAY 1984 





That there is probably a link between the central nervous system and the immune system is easily 
accepted. The doubt is whether enough is yet known to sustain people’s hopes of explanation. 


THE notion that anatona: disturbance 


may trigger off physical illness isin no sense 


new. That people may be driven by adver- 
sity into decline is a familiar theme in litera- 

ture. Strictly speaking, the phenomenon is 
distinct from that of psychosomatic illness 
< such as Freud’s. well-documented cases of 
hysterical paralysis in which, in Freudian 
¿= terms, the illness is a kind of talisman for 
= the emotional disturbance. Instead, the 


-= may become manifest in normal people 
- even if they are more spectacular among 
those with an underlying emotional 
disturbance. 
< . Over two decades, prolesor G.W. 
ae Brown of Bedford College, University of 
. London, has been collecting evidence that 
what he calls life-events (imprisonment, 
relocation or personal bankruptcy, for 
example) may provoke illness in outwardly 
normal people. The speed with which a 


`- spouse is the most familiar occurrence of 

this kind. The pattern is familiar, but the 
mechanism is unknown. 

That, at least, has been the state of 
. affairs until quite recently. Now, as some 
_ _ of the new generation of medical students 
: know perhaps too well, there is emerging a 
= speciality called psychoimmunology — a 

- means of explaining such phenomena as 
the increased risk of death on bereavement 
_ in terms of the disturbance caused to the 
© immune system in the wake of emotional 
<o shock or deprivation. The difficulty, for 
the rest of us, is that of knowing just what 
weight to give to these accounts. 
<o. That there should be a functional con- 
_ nection between the central nervous system 
and the immune system is not in itself sur- 
prising. In animals, neurophysiologists 
‘now have a lot to say about the way in 
which the brain controls the system of 


locomotion, while the regulation of the 


reproductive system in mammals by means 
of the peptide hormones involved in the 
regulation of the pituitary gland by the 
hypothalamus is being understood in ever 
finer detail. 
A kind of connection between the 
ies -central nervous system and the immune 


ag: that some types of the lymphocytes 


‘ceptors which recognize simple peptide 
mones also found in the brain. 
-< Some of the connections have been 





reviewed by David Maclean and Seymour 


‘Reichlin (Psychoneuroimmunology 12, 


475; 1981), and can plainly take several dif- 
ferent forms. Maclean and Reichlin offer 
the interaction of the hypothalamus and 
the pituitary as the most interesting source 
of materials that may modify immune 
function. Some possible interactions are 
direct, as with the pituitary hormone that 
appears directly to stimulate the develop- 
ment of cells in the thymus, the organ in 
which T-cells become recognizably dif- 
ferent from cells that produce antibodies. 
But the best-known routes by which 
pituitary hormones may affect the immune 
system are indirect, involving the stimulation 
of the adrenal cortex by hormones such as 
adrenocorticotropic hormone. 

This imbalance is unlikely to persist for 
long. As techniques improve for dis- 
tinguishing between T-cells in different 
stages of their maturation and for sustain- 
ing them in culture, there has naturally 
been an upsurge of interest in the measure- 
ment of response by lymphocytes to 
hormones of various kinds. It seems to be 
established that the steroid hormones 
of the adrenal cortex more markedly 
stimulate lymphocytes at early rather than 
late stages in their differentiation, which 
may suggest how the composition of the 
circulating lymphocytes may be controlled 
by peptide hormones. 

And then, it seems, some peptide 
hormones stimulate T-cells to produce 
lymphokines (such as interleukin-2 but also 
interferon) and others have the opposite 
effect. The more radical psychoimmuno- 
logists talk as if there is no state of mind 
which is not faithfully reflected by a state 
of the immune system. 

Others go further. J. Edwin Blalock of 
the University of Texas at Galveston, 
writing in the Journal of Immunology in 
March (132, 1067; 1984) under the title 
“The immune system as a sensory organ’’, 
argues that the interaction between the 
central nervous system and the immune 
system must be reciprocal, with peptide 
hormones of the pituitary and lympho- 
kines secreted by lymphocytes having 
similar functions in the blood and with 
antigenic stimuli such as different kinds of 
bacterial infections producing physio- 
logical and even behavioural changes in the 
infected animal. He does not quite say that 
the emotional consequences of measles and 
tuberculosis infections should be 
distinguishable — but of course, they are. 

The other line of inquiry that has helped 


put psychoimmunology on its feet are 


| experiments with whole animals. In many 


ways, these are adjuncts of the classical 
investigations of the effects of stress on the 
system of adrenal hormones and thus on 
blood pressure, heart rate and so on. 

In one typical investigation (Lauden- 
slager, M.L. et al. Science 221, 568; 1983), 
groups of a dozen rats were given electric 
shocks of two kinds, and the sensitivity of 
their lymphocytes to artificially provoked - 


cell division by the materials called W 


mitogens assessed. The more seriously 
stressed rats were found to have the least 
easily stimulated lymphocytes at the end of 
the experiment. 

Surprisingly, very similar investigations 
can be mounted with people. Thus S.J. 
Schleifer et al, have tackled directly the 
question of the immunological con- 
sequences of bereavement by means of a 
prospective study among men whose wives 
had been found to have breast cancer. 
Those who were eventually widowed have 
been reported (J. Am. med. Ass. 250, 374; 
1984) to have had circulating lymphocytes 
less responsive to the effect of mitogens, 
just like the rats given electric shocks. 

Investigations such as these, while time- 
consuming and costly, at least have the 
merit of being practicable and, once 
mounted, easy to interpret. The snag is 
that statistically significant samples are accu- 
mulated only slowly, and at a high cost. 

Why, in these circumstances, does there 
persist a stout band of near-sceptics con- 
vinced that too much is being made, at this 
stage, of the explanatory value of psycho- 
immunology? There are several reasons, 
not the least of which is that very similar 
lines of argument, more accurately, hypo- 
theses, have been used within living 
memory speciously to suggest links 
between a person’s chance of developing 
cancer and his or her state of mind. 

Second, because knowledge of T-cells 
and their function is growing so quickly, 
it is necessarily difficult to design systems 
for assaying the effects of hormones, or of 
states of mind, on lymphocytes that are 
reproducible and significant. 


Third, one rather crucial question seems ~ : 


to have been left for too long aside. If it 
should be that a person’s state of mind, say 
grief, may affect the quality of his immune 
system, how does it then transpire that he 
or she will be more likely to die of heart 
attack or stroke or even in a road accident? 
In short, the explanation is likely to be part — 


ofa more complicated tale. John Maddox af 


















» for millions of years: 
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Evolution 


from John Maynard Smith 


THE Tanner lectures, recently delivered by 
Stephen J. Gould of Harvard University, 
and followed by a panel discussion*, pro- 
vide an opportunity to assess the current 


contribution of palaeontology to evolu- | 
tionary theory. It might be supposed that | 


this contribution. W -be crucial, but, at 
i has not been so. 
LG. Simpson was 


one of the main architects of the ‘modern 








synthesis’ that emerged in the 1940s, but his 
role was to show that the facts of palacon- | 


tology were consistent with the mechanisms 
of natural selection and geographical 
speciation proposed by the neontologists (a 
term used by palaeontologists to describe 


the rest of us), rather than to propose novel | 
mechanisms of his own. Since that time, | 


the attitude of population geneticists to any 
palaeontologist rash enough to offer acon- 
tribution to evolutionary theory has been 
to tell him to go away and find another 
fossil, and not to bother the grownups. 

In the last ten years, however, this situ- 
ation has been changed by the work of a 
group of palaeontologists, of whom Gould 
has been a leading figure. In his lectures, he 
stressed two theoretical modifications to 
the Darwinian scheme — ‘punctuated 
equilibria’ and a hierarchical view of evolu- 
tion. Punctuational theory holds that most 
evolutionary change occurs when lineages 
split — that is, when a single species gives 
rise to two. Between such events, species re- 
main morphologically unchanged, often 
they remain in 
‘stasis’. In itself, the theory says nothing 
about the mechanism of the changes when 
they do occur, other than that they are 
rapid in geological terms: they could still be 
slow to a geneticist, and brought about by 
the familiar process of natural selection. As 


J.S. Jones (University College, London) | 


remarked in an earlier discussion, one 
man’s punctuation is another man’s 
gradualism. 


Little was said in Cambridge about the 
empirical evidence for punctuation. Gould | 


treated it as a fact the whole world knows: 
as something proved by Aunt Jobisca’s 
theorem. As an outsider, I am persuaded 
that morphological evolution proceeds at 
very different rates at different times, but 
can see little evidence that rapid change is 
necessarily associated with the splitting of 
lineages (although one would expect this 
_ often to be the case, when part of a species 
_ enters a new ecological niche). What is new 
; is the emphasis on stasis. As David Wake 





(University of California, Berkeley) point- | 


ed out during the discussion, the existence 
mee of pairs of species which are morpho- 





, The Tana Lectures were delivered in ae under the 
aes of Glare Hall, 30 April-2 May 1984 
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logically indistinguishable, or almost sO, 
but whose proteins have diverged suffi- 
ciently to suggest that they have been 
separate for millions of years, supports the 


reality of stasis. Stasis, then, isa phenome- _ 


non that calls for an explanation. 
Geneticists and palaeontologists tend to 


differ in the explanations they prefer. 
Population geneticists argue that if a 


species does not change, this is because it is 
subject to ‘normalizing selection’ — that 
is, selection that eliminates the extreme 
phenotypes and favours the norm. They 


_ have two main reasons for this belief. First, 


if directional selection is applied to almost 
any characteristic, in nature or in the 
laboratory, the population will change. 
Second, most species with a wide geo- 
graphical range do vary in structure and 
behaviour, sometimes to such an extent 
that populations from different regions 
would be regarded as different species if 
they were not connected by a series of inter- 
mediate forms. (In case anyone supposes 
that membership of a species is decided un- 
ambiguously by hybridization, it is the case 
that different species often produce fertile 
hybrids, and populations of the same 
‘species’ often prove, on investigation, to 
produce sterile or inviable hybrids.) 

In reply, Gould asks how it could possi- 
biy be the case that normalizing selection 
could favour the same phenotypes over 
long periods, during which the environ- 
ment may change drastically. Instead, he 
proposes a concept of species stability aris- 
ing from developmental constraints. The 
constancy of a species would thus resemble 
the constancy of a chemical element: it 
would represent a stable state of matter, 
which can be changed only by an unusual 
event. C.H. Waddington’s idea of ‘canali- 
zation’ has been quoted in support of this 
view. Waddington did indeed point out 
that the typical ‘wild-type’ morphology of 
a species is usually well buffered against 
disturbance during development, whereas 


the phenotypes of individuals with a given | 


mutation are highly variable between indi- 
viduals. However, for Waddington, the 
uniformity of the wild type was itself the 
product of normalizing selection, and nota 
manifestation of an intrinsically stable 
state. 


Hierarchies 

The debate about stasis and punctuation 
will no doubt continue. Gould’s second 
thesis concerned the hierarchical structure 
of evolution. Darwin, he argued, thought 
of natural selection as favouring some indi- 
vidual organisms at the expense of others. 
However, selection, and also chance, can 
be effective at two other levels, namely the 
gene and the species. At the level of the 


| gene, \ we enowkn ow w that there are processes 








can increase in n frequency By virtue: of its 
ability to multiply horizontally within an 
individual, and not only by virtue of its ef- 
fects on the individual’s phenotype. Le 
Two points were made about this level of : 
selection during the discussion. John Fine 
cham (Cambridge University) pointed out 
that since transposons are in effect para- 
sites, we can expect them to evolve ‘self- 
restraint’, as some parasites do: it doesnot © 
pay to kill the goose that will transmit you 
to future generations. Amore fundamental 
disagreement was raised by Gabriel. oe 
Dover’s (Cambridge University) claims for 
‘molecular drive’ — a portmanteau: term 
for the three processes listed abov: rn 
give an unfair account of this disa 
ment, because I was one of the protagon. | 
ists. Dover asserted that there is nothing 
that natural selection candothatcannotbe - 
done by molecular drive. I argued in reply _ “ 
that this is to overlook the fact that natural 
selection can generate highly improbable .~- 
adaptations at the organismic level, where- 
as molecular drive cannot. As I see it, 
Dover’s view would throw out the Darwin- He 
ian baby with the bathwater. oe 








Species selection me 
Palaeontologists can contribute little to wate 
this debate, but have a lot to say about the ~ 
level of species selection. The concepts can 
best be explained by some examples. First, 
during the Cretaceous, the Volute gastro- 
pods gradually replaced their competitors 
A plausible explanation is that Volut 
development did not involve a stage of : 
mobile planktonic larvae, whereas the — 
development of their competitors did. Asa ip 
result, geographical speciation was more > 
frequent among Volutes, and the number > 
of species increased. In effect, Volute. 
species had a higher ‘birth rate’. If this ex- © 
planation is correct, it applies the concept 
of natural selection, but replaces indivi- 
duals by species as the units selected. 

Now consider a second example, the 
mammalian secondary palate. This is a 
structure that enables a mammal to breathe 
and chew at the same time. Gould would 
agree that such a structure (together with 
associated changes in teeth, jaw muscles 
and articulation) could arise only by 
natural selection at the level of individuals. 
Suppose, however, that mammalian 
species came into.competition with reptiles 
lacking these adaptations. If the mammals 
outcompeted the reptiles because they 
could chew better, then mammalian species 
would replace reptilian ones. However, 
Gould would not call this species selection, 
because the success of the mammals would 
depend on something individual animals 
do (chew) and not on something species do: 
in contrast, in the Volute example, specia- 
tion is something species and not indivi- 
duals do. 



















-c ‘Thereis a third scenario. For example, at 


the end of the Cretaceous the Dinosaurs | 


became extinct, whereas the mammais sur- 
vived and radiated. I do not know why this 
was so, but let us suppose that the mam- 
mals survived because they are homoio- 
therms, and that their ability to chew had 
nothing to do with it. It would still be true 
that the Cretaceous extinctions led to an in- 
crease in the proportion of species with 
secondary palates, but not because of any 
selection for the palate itself. This is what 
Elizabeth Vrba has called the ‘effect 
hypothesis’. It is an analogue, at the level 
of organs, of the process of ‘hitch-hiking’ 
at the level of genes. 

The hierarchical view of evolution, then, 


- vis that processes of selection and stochastic 
~ drift go on at the level of genes and of | 


; i species, as well as of individuals. As an old- 
= fashioned proponent of the modern syn- 
-7 thesis, [have no difficulty in accepting this, 


so long as no one expects me to believe that | 


-adaptations of individuals can be explained 
= by molecular drive, and so long as the con- 
“cept of species selection is confined to 

qualities, such as speciation rate and evolu- 
nary rate, that are properties of species 
-and not of individuals. However, there re- 
-tnains plenty of room for disagreement 
about the relative importance of these 
various levels, or — what amounts to the 
same thing — about the relative effec- 
tiveness of selection at different leveis. 






In from the cold 
This brings me to what I see as the greatest 
impact that palaeontology is having on the 
way we see the mechanisms of evolution. 
_. We have been familiar for a long time with 
the dramatic disappearance of the Dino- 


< saurs at the end of the Cretaceous. It is now 
-» apparent that massive extinctions, invol- 


ving many different taxa, have been a 


"repeated feature of evolution. Adolf Seil- 
`: acher (Tubingen University) and Anthony 
` Hallam (Birmingham University), the two 
~- palaeontologists on the panel, agreed with 
Gould on this, although there was disagree- 

ment about whether these events have been 


periodic or irregular, and whether they are 
caused by extraterrestrial events (meteor- 
ites, asteroids) or by terrestrial ones 
(Hallam, for example, emphasizes the role 


o of changes in the area of the continental 


= shelf caused by continental drift — see 

-Nature 308, 686; 1984). The impact of these 
extinctions is not random; in any given 
` event, some taxa are more affected than 
others: Seilacher stressed the need for a 


o quantitative study of this, to replace the 
-somewhat anecdotal picture we now have. 
“In addition to the problem of their 








causation (which at present seems to be a 
problem for geologists and astronomers, 
although Seilacher did not rule out the 
possibility that some extinctions had biotic 





causes), these extinctions raise questions 


for evolutionary biologists. Is it possible 
that evolutionary change would slow down 


= and stop in the absence of changes in the 
si, physical environment? As Manfred Eigen 
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has pointed out, the simplest evolving 
systems (populations of RNA molecules in 


test tubes) reach a global optimum and 
then stop. Are extinctions, then, a 


necessary motive force of evolution? A se- 


cond question concerns the relation bet- 
ween extinction and radiation. Ecologists 
tend to see nature as dominated by com- 
petition. They would therefore expect the 


extinction of one species, or group of | 


species, to be caused by competition from 
another taxon. Most palaeontologists read 
the fossil record differently. The Dino- 
saurs, they believe, became extinct for 
reasons that had little to do with competi- 


| tion from the mammals. Only subsequent- 


ly did the mammals, which had been 


Malarial immunity 





from F.E.G. Cox 


RECOVERY from malaria is accompanied 
by the production of antibodies that block 
the entry of merozoites — the infective 
stage of the Plasmodium parasite — into 
red blood cells!. Alternatively, it can be 


accompanied by a mechanism that kills the 


developing parasites within the red blood 
cell. This phenomenon has been known 
since 1944, when the Taliaferros noted the 
appearance of disintegrating forms, ‘crisis 
forms’, of a simian malaria parasite, 
Plasmodium brasilianum, in the red cells of 
recovering monkeys’, but received little 
attention until it became clear that crisis 
forms are associated with recovery from 


a number of different Plasmodium 


infections in laboratory animals’. 
Although crisis forms are not apparent in 
the peripheral blood of patients with malig- 
nant tertian malaria caused by 
Plasmodium falciparum (because the 
developing stages of the parasite disappear 
from the circulating blood), they can regu- 
larly be detected in vitro both visually and 
by a test in which the incorporation of 
radiolabelled hypoxanthine into growing 
parasites within the red cell is measured’. 
That test has recently enabled James 
Jensen and his colleagues to show that in 
the Sudan, and probably elsewhere, 
intraerythrocyte killing predominates over 
merozoite blocking as a means of defense 
against the parasite’. These observations 
should completely alter our concepts of the 
development of vaccines against the blood- 
borne forms of Plasmodium falciparum. 
Jensen and his colleagues collected sera 
from some 300 people living in three 
regions of the Sudan and tested their ability 
both to block the invasion of red cells by 
merozoites and to induce crisis forms in 
erythrocytes containing ‘ring stage’ para- 
sites. The population could be divided into 
those who had experience of serious 
attacks of malaria, of mild malaria or no 
experience of malaria*. The clinical status 


could not be correlated with the presence of 
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around for as long as the Dinosaurs, radi- 


ate to fill the empty space. The same 
general pattern, they think, has held for 
other major taxonomic replacements. Not 
all palaeontologists would agree, but 
think this is the majority view. I find it sur- 
prising: I would have expected a major 
cause of extinction to be competition from 
other taxa. | 

The Tanner lectures were an entertaining 
and stimulating occasion. The palaeon- 
tologists have too long been missing from 
the high table. Welcome back. a 





John Maynard Smith is Professor of Biology at 
The University of Sussex, Falmer, Brighton, 
Sussex BNI 9QG. 


‘Indonesian and Sudanese style 


merozoite-blocking antibodies but was 


correlated with the ability of the serum to 


induce crisis forms. The greatest number of 
crisis forms was induced by sera from the 
group with no experience of malaria and 
hence with the greatest immunity to the 
disease. The serum factor that causes 
parasites to die in the red blood cells is not 
antibody because antibodies on the 
merozoites are sloughed off as the parasites 
enter the red cells; moreover, activity is not 
lost with the removal of immunoglobulin 5. 
Jensen and his colleagues call the factor 
‘crisis-form factor’ (CFF)®. 

In the Sudan, then, clinical immunity to 
malaria can be correlated with the presence 
of CFF in the serum. But what of other 
parts of the world? Jensen ef al. have now . 
shown that Indonesian sera do not induce 
crisis forms in vitro’. In order to make a 
direct comparison, the earlier Sudanese 
studies were repeated with sera from an 
area where the prevalence of malaria was 
similar to that in Flores, where the 
Indonesian study was carried out. Overall, 


Sudanese sera have abundant CFF and 


little merozoite-blocking antibody whereas 
Indonesian sera lack CFF, and their anti- 
parasitic activity, where present, is 
associated with merozoite-blocking anti- 
body. This indicates that genetic 
differences may be important in 
determining whether antibody or non- 
antibody factors predominate in immunity 
to human malaria. 

These experiments are of great impor- 
tance and should significantly alter our 


-concepts of an antimalarial vaccine. It is 


conventional to identify and isolate blood- 
stage antigens of the parasite by means of 
monoclonal antibodies and immune sera®. 
Such techniques may well lead to a vaccine 
that elicits a high and specific antibody 
response. But will this be protective when 
sera with antibody titres greater than 
1:10,000 have little merozoite-blocking 

effect’? And if merozoite-blocking is of 
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relatively little importance in natural 


immunity in Sudan, could it be the basis of | 
an effective vaccine there? If genetic | qp 
_ differences between the populations atrisk | F 





5 have to be taken into account in malaria 
“vaccine development, it will greatly 
complicate the task. 

What is CFF? The short answer is that 
we do not know. As long ago as 1953, 
Trager and McGhee identified a factor in 
the sera of birds immune to malaria that 
inhibited infection by Rous. sarcoma 


virus’. From this has arisen the possibility — 


that CFF is related to the ill-defined 
tumour necrosis factor'®"', Alternatively, 
it may be related to certain reactive oxygen 
intermediates that bring about the 
occurrence of crisis forms both in vivo and 
in vitro'*}, However reactive oxygen 
intermediates are probably too short-lived 
to produce directly the effects recorded by 
Jensen et al., although they could be 





toxic substances such as aldehydes!4. 
What must happen now is a switch of 
attention away from Plasmodium antigens 
that elicit the production of antibodies to 
those that elicit CFF. Since CFF is pro- 
bably a product of macrophages, these 
_ cells and the T cells that activate them 
require much more attention. At a very 


basic level, however, we now know that _ 


CFF kills malaria parasites and thus, if 
_ Characterized, could be used to treat the 
- Yapidly increasing number of drug- 
-resistant cases for which there is no obvious 
_ alternative treatment. Further studies of 

CFF might also provide clues to the 
_ development of new antimalarial drugs. © 
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100 years ago 


THE Bolletino of the Italian Geographical Society for 
May contains a brief account of Signor Maurizio 
Buonfanti's late expedition across North Africa. After 
some trips to Yakoba and other little-known parts of 
_ Sokoto, he made his way through Gando to the Niger at 


confluence. Here he turned north, and for the first time 
- ascended the Niger as far as Timbuktu. This feat, 
hitherto supposed to be impossible, was performed in 
the dry season, and the problem thus successfully solved 
possesses considerable geographical and commercial 
importance in connection with the attempts now being 
made to establish regular lines of water communication 
between Western and Central Sudan and the Gulf of 
Guinea. —— From Nature 30,131, 5 June 1884. 









involved in reactions with lipids to produce _ 
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from Ben Zuckerman 


THE biggest surprise to emerge from a | 
decade of observational study of the for- 
mation of stars has been the realization that 
this process is accompanied by massive out- 
flowing winds. The winds, which can be 
sporadic, are millions of times stronger 
than the solar wind and are generated by 
most, perhaps all, young stars either short- 


_ ly before or, more probably, shortly after 


they initiate the burning of hydrogen into | 
helium in their interior. Since it is natural to 
think of star formation as a process of col- 
lapse, or infall, the ubiquitous occurrence | 
of an accompanying outflow comes as a bit 
of a shock. Now D.J. Axon and K. Taylor 
have described new optical spectra in- | 
dicating very high-velocity winds in the | 
most famous region of star formation in 
the heavens, the Orion Nebula (Mon. Not. 
R. astr. Soc. 207, 241; 1984). Their spectra 
point towards the existence of a biconical 
pattern of outflow and suggest the presence 
of a substantial disc of molecular gas and 
dust grains close to.a putative stellar source 
of excitation, located in the giant molecu- 
lar cloud behind the nebula. 

As a result of isolating the 6,300 A wave- 
length forbidden transition of neutral ox- 
ygen, which is prominent in shock-excited 
regions but relatively weak in photoionized 
gaseous nebula such as the Orion Nebula, 
Axon and Taylor discovered a ‘family’ of 
six shock-excited objects which, in the 
plane of the sky, are located neara group of 
strong infrared-continuum sources 
discovered in the 1960s. The latter are 


believed to constitute a very young, but | 


highly obscured, star cluster behind the 
Orion Nebula. The oxygen atoms display a | 
very wide range of line-of-sight velocities | 
extending from near 0 km s~ (the velocity 
of the molecular cloud) to an approach - 
velocity of nearly 400 kms~'. When projec- | 
tion and other effects are taken into ac- | 
count, the implied wind velocities are of the 
order of 1,000 km s~! — similar to that of | 
winds from the most massive main- 
sequence stars in our Galaxy. 

Taking into account previous observa- | 
tions of Orion, primarily at infrared and 
microwave frequencies, Axon and Taylor | 
conclude that the most plausible model of 
the region is one in which a biconical proto- | 
stellar wind originates from one (or more) | 
of the massive young stars that are embed- | 
ded in the molecular cloud, as in the figure. 
Although the star itself must be obscured 
from our view by an optically thick disc 
that lies, presumably, in its equatorial 
plane, the wind can escape from the polar | 
regions. In their model, the shock-excited | 
objects, detected by neutral oxygen emis- | 
sions, are the result of the impact between 
the winds and gas blobs (‘knots’) located at 
the front face of the molecular cloud, just | 
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Model of biconical protostellar wind in the 
Orion Nebula. (From Mon. Not. R. astr. Soc. 
207, 246; 1984.) 


behind the Orion Nebula itself, a 

These results bear on more general ques-. w 
tions related to star formation and massive- _ 
winds. Observations of many other regions 
of star formation indicate that bipolar or 
biconical outflow is the rule rather than the 
exception. Orion has now been reasonab 
securely added to this class. If the collima- 
tion is due to a disc of gas and dust located 
near the stars, as Axon and Taylor, like 
many others before them, suggest, then it: 
possible that at least the raw: material 
necessary to make planets can be foundin = __ 
the vicinity of most young stars. Sincenota 
single planet has been identified with cer- 
tainty outside our Solar System, the im- 
plied ubiquitous existence of this raw 
material is of considerable interest. 

Material which may be distributed in the 
form of a small disc with dimensions only 
about three times that our Solar System has 














| very recently been seen directly (via scat- 


tered light at 2 um wavelength) near the 
very young star, HL Tauri, by two dif- 
ferent teams (S. Beckwith, B. Zuckerman, 
M. Skrutskie and H.M. Dyck, and S. 
Strom and G. Grasdalen, Astrophys. J., in 

the press). However, it still remains to be - 
shown how frequently a gaseous disc, as = 
opposed to some other physical mechanism G 
such as a magnetic field, is actually respon- 
sible for collimation of the winds that ac- © = 
company star formation. 2 Das 





Ben Zuckerman is in the Department of 
Astronomy at the University of California, Los 
Angeles, California 90024. = 


From Bacillus to rabbit 







from Roger H. Pain 


ON page 467 of this issue, Poorman et al. 
suggest a three-dimensional structure, 
complete with binding sites for substrates, 
activators and inhibitors, for a mammalian 
multisubunit enzyme, largely on the basis 
of the amino acid sequence of the enzyme 
and the crystallographic structure of the 
equivalent, but smaller, enzyme from a 
bacterium. Their report is of intrinsic 


interest to the protein chemist since it 
Suggests a model which is testable by 
experiment. It is also of broader interest 


because it illustrates both the confidence 
with which biologists now assert that 
protein conformation is selected for and 
preserved during evolutionary processes 
and the way in which speculation on 


-+ protein structure can be in order. 


The enzyme is phosphofructokinase 


: (PFK). It operates in the glycolytic 








: a . pathway which is the means, common to all 
= living organisms, of abstracting useful 


energy from the oxidation of glucose, PFK 


is particularly important because its 


activity can be modulated to control the 
rate of oxidation of glucose in response to 
energy demand in the cell. The reaction 
catalysed is the phosphorylation of fruc- 
tose 6-phosphate by ATP to yield fructose 
1,6-diphosphate and ADP. Insofar as they 
are allactivated by raised concentrations of 
ADP, the enzymes from all species behave 
similarly. The greater sophistication of 
higher organisms, however, is reflected by 
the fact that their PFK is also activated by 
fructose 1,6-diphosphate and is inhibited 


by ATP. Moreover, their PFK is inhibited 
by citrate, allowing feedback control from 
- the citric acid cycle. The greater complexity 
=: of the eukaryotic enzyme, requiring 


additional specific binding sites, is 
reflected in a molecular weight for each of 
its four identical subunits that is 


approximately double that of the 


prokaryotic enzyme. 
To date, the only three-dimensional 


-structure of PFK to have been determined 


is that of the prokaryote, Bacillus 


-> »stearothermophilus. The structure of a 
<7. eukaryotic PFK, the rabbit enzyme being 

the most studied, is needed in order to 

understand the more sophisticated 
_.- mechanisms by which it is controlled. 
- Poorman and colleagues have attempted to 
<o provide this, based mainly on comparison 
of amino acid sequences. They have 


determined the sequence of rabbit PFK and 


_.. found that the subunit sequence falls into 
< two similar halves, with more than 30 per 


cent of their amino acids being identical. 





Comparison of the two halves with the 


~~ shows that 34 per cent of the amino acids of 
© «the carboxy-terminal half, and 44 per cent 
Of the amino-terminal half, of the rabbit 


enzyme are identical to those in the 
bacterial enzyme. 

This is taken to signify that the 
eukaryotic enzyme is the result of a 
duplication of the prokaryotic gene, with 
subsequent independent mutation within 
certain constraints. A further unknown 
mechanism must account for the 
additional 30 amino acids which join the 
non-identical twin domains of the rabbit 
enzyme. By packing four such ‘double- 
bacillus’ subunits together, with due regard 


to symmetry and the location of ligand- | 


binding sites, Poorman et al. have 
constructed their three-dimensional model 
of rabbit PFK. 

By straightforward extrapolation from 
the bacterial enzyme, rabbit PFK would be 
expected to contain 8 substrate binding 
sites and 8 ADP effector sites. Sequence 
comparison has led to identification of the 
four fructose 6-phosphate binding sites 


that are known to exist in rabbit PFK; 


sequences for the other four are 
significantly altered by mutation and are 
postulated to be fructose 1,6-diphosphate 
activation sites. It is also assumed that four 
ADP effector sites have been mutated to 





| form ATP inhibitory sites. 





NATURE VOLJO 31 MAY_ 1984 


These arguments rest on two generaliz- 
ations. First, that such close relationships 
between amino acid sequences are the. 
result of the organisms being at points on 
an evolutionary tree separated by a 
divergent process. Second, it is assumed 
that despite appreciable changes in amino 
acid sequence and despite the fact that 
certain amino acid substitutions can lead to 
a dramatic destabilization of three-dimen- 
sional conformation, the two sequences 
will fold into similar conformations. The 
‘code’ relating sequence to conformation is 
known to be degenerate. The assumption is 
that selection operates on the one hand to 
keep the changes in sequence within these 
limits of degeneracy so that conformation 
does not vary significantly and, on the 
other hand, to retain certain active sites and 
to allow others to be modified so as to lead 


' to more advantageous catalytic activity. 


This emphasis on the conservation of 
conformation is intriguing and the reasons 
for it are by no means certain. It is 
fascinating to see how these 
generalizations, only relatively recently — 
established by comparing known 
sequences and conformations, are now 
being used in reverse to predict 
conformations from sequence — in this 
instance, of rabbit PFK. = 
Roger H. Pain is Professor in the Department of 


Biochemistry at the University of Newcastle 
upon Tyne, Newcastle upon Tyne NEI TRV. 








Bacterial motion 


Progress in flagellation 


from Michael Spencer 


IT is now more than ten years since the 
electrifying announcement that bacterial 
flagella actually rotate rather than propa- 
gate helical waves like larger motile 
organelles. The discovery was all the more 
surprising because it was by then becoming 
clear that flagella could adopt a number of 
different waveforms by internal rearrange- 
ment of the flagellin monomers, and an 
extension of this to a mechanism of active 
wave propagation did not require any 
dramatic act of faith. 

From that watershed in knowledge have 
flowed two quite separate streams of 
thought. From recent publications, 
however, it now looks as if these indepen- 
dent streams, which have followed their 
courses for so long without meeting, are on 
the point of converging. Prominent in one 
stream is the school of Sho Asakura, which 
for at least two decades has continued a 
series of elegant demonstrations of the 
polymorphic nature of flagellar structure. 
These studies have been complemented by 
the ingenious theoretical predictions of a 
structural engineer, C.R. Calladine, and 
have led to satisfying explanations of the 
transitions that enable bacteria to change 
direction. The other stream of research has 


concentrated on the morphology and 
dynamics of the basal body that constitutes. 
the flagellar motor; this has involved 
groups led by Howard C. Berg and others. 
They have confirmed that the. motor is 
powered not directly by ATP but by 
protons, so that an electrical potential or a 
PH gradient across the membrane is suf- 
ficient to generate rotation. 

Interest has been growing recently in the 
short region linking the basal body to the 
flagellum; it is normally sharply curved 
(and called the ‘hook’) and helps the larger- 
scale helix of the flagellar filament to insert 
into the motor in a direction perpendicular 
to the cell wall. It may also have enough 
flexibility to allow flagella to group into 
bundles. The structure of isolated hooks 
was determined a few years ago by 
Wagenknecht et al. (J. molec. Biol. 151, 
439; 1981 and 162, 69; 1982). Although the 
monomers forma tubular structure and are 


| packed in a very similar way to those in 


flagella, there are deep grooves in the sur- 
face of the hook that could facilitate 
bending without unduly reducing the 
ability to transmit atorque. __ 

Some interesting new findings have now 


been published by Kato, Okamoto and ele 
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Asakura (J. molec. Biol. 173, 463; 1984). 
They studied a mutant hook, the ‘poly- 
hook’, which is much longer than in the 
wild type and can adopt either a straight 





‘form or a helical one; in the latter the 
~~ amplitude and pitch are much smaller than 


those of the flagellar filament. Kato et al, 


now have evidence for both left-handed | 


and right-handed helices, and suggest that 


the hook undergoes transitions between | | 
helical senses in the same way as the flagel- | 


lar filament. 


Like many discoveries, this raises more | 
questions than it answers. The first surprise | 
is that the ‘normal’ form of the hook (at 


neutral pH) follows a right-handed helix, 


whereas the rest of the flagellum is left- | 


handed in the species studied — 
Escherichia coli 


motor starts up in its normal sense of 
rotation, which is counterclockwise when 
looking towards the base, the torque trans- 


-S mitted to the hook is such as to unwind its ti 
~ helix (readers who feel dizzy when trying to | 


visualize this are referred to Fig. la). In 
these conditions flagella tend to flip into an 
alternative helix of opposite sense. 

Kato et al. speculate that when the motor 
starts up, the resulting stress may trans- 
form the hook into the alternative left- 
handed type, which would then have the 
same sense as the main flagellar filament. 
This raises intriguing questions about what 
happens during ‘tumbling’ or ‘twiddling’, 
the process by which bacteria periodically 
change direction so as to move up a favour- 
able gradient (for a review see Berg Scient. 
Am. 233, 36; 1975). At the start ofa tumble 
the direction of motor rotation reverses 
and bundles of flagella that previously 
rotated in phase become jammed; the stress 


induces a change of sense in the flagella | 


which then fly apart (Macnab and Ornston 
J. molec. Biol. 112, 1; 1977). If the hook is 
held in a left-handed form during normal 


motion, presumably it reverts to right- 


handed when the motor reverses. Is this an 
essential step in the transformation of the 
filament? 


A second question raised by the new | 


results is whether the hook transformation 
can be explained on the model proposed 
for flagella by Calladine (J. theor. Biol. 57, 
469; 1976 and J. molec. Biol. 118, 457; 
1978). This model presumes the existence 
of ‘protofilaments’ or strings of monomers 
which may (through cooperative changes 
in monomer conformation) adopt either a 
‘long’ or a ‘short’ state. If the protofila- 
ments run round the tubular structure at an 
angle to its axis, the existence of two classes 
of protofilament in the same flagellum will 
_ cause it to coil into a helix (Fig. 1b). The 


relative population of the two states. 
The model predicts that in going from 
one state to another the ‘twist’ of the proto- 


filaments will change, and that between a | 


left-handed and a right-handed helix the 
‘twist angle’ changes sign. In flagella the 
twist angle varies between -3° and + 8°, 


and Salmonella | 
typhimurium. This means that when the | 


_ parameters of the helix depend on the | 





NEWS AND VIEWS 


Fig.1. a, Normal mode of forward propulsion by a flagellum for E. coli and S, typhimurium: b, x pori 
Polymorphic forms of flagella obtainable by varying the twist angle (exaggerated here). The Bae 
shortest protofilament (heavy line) always runs on the inside of the structure; in the two straight a 


| forms all protofilaments have the same length. 


which does not demand a substantial 
change in monomer packing. In the poly- 
hook, however, the observed helical wave- 
forms (from which twist angle was 
obtained indirectly) would require a range 
of about -50° to +20°. Even more puz- 
zling, the protofilaments appear to be 
identified not with the 11 rows of con- 
tiguous monomers that fulfil this function 
in the flagellar filament, but with a set of 
‘16-start’ helices joining monomers. that 
are not in close contact with each other. 
Kato et al. are suitably cautious about 
this conclusion, and mention the pos- 
sibility that preparation for microscopy 
may have deformed the polyhooks; the 
matter will have to await direct observation 
of twist angles by high-resolution imaging 
of the surface lattice. A possibility not dis- 
cussed in the paper is that in the hook the 
basic structure is invariable, as suggested 


by Wagenknecht etal. (see above), and that | 


left-handed and. right-handed forms 
involve protofilaments joining two dif- 
ferent sets of points in the helical net. 
Neither of these needs necessarily be the set 
of 16-start helices discussed by the authors. 

By a curious coincidence, a paper by 
Block and Berg on page 470 of this issue 


gives fresh significance to the old obser- | 


vation that certain components of the basal 
body ‘motor’ have a 16-fold symmetry. 
These authors have been studying a mutant 
of E. coli whose flagella are intact but 
paralysed unless the missing gene product 
is supplied. The appropriate gene under the 
control of the /ac promoter was arranged to 
be carried into the bacteria as part of a 


transducing phage; the gene product was | 


synthesized on addition of a /ac inducer. 
When carried out with bacteria tethered to 
a glass surface by a single flagellum, the 
cells began to spin with increasing speed a 
few minutes after the addition of inducer. 

The most interesting feature of the 
results is that the speed of rotation 





increased (or occasionally decreased) in 
_ discrete steps; at first there was a doubling — 


of speed, which was followed by increases 
to speeds that were all multiples of the 
initial value for a given cell. The initial 


speed varied from cell to cell, presumably _ 


because of variations in the viscous dragon — 
the cell body. Discrete steps could not be 
resolved beyond about the sixth, and most 
cells came off the glass or stuck to it before 
reaching their terminal speed. However, 


from one cell that continued rotating upto 


maximum speed and from other experi- 


_ ments on wild-type cells, Block and Berg i 
| Calculate that the maximum number of — 


steps is close to the magic number of 16. 


Their interpretation of this behaviour is 


that the gene product released by the lac | 
inducer diffuses to the vicinity of the 


flagellar motor, which contains a number 


of independent force-generating units each ae 


requiring the gene product. 


Block and Berg calculate that about 65 aes 
protons pass through a single force ~ 
generator in one revolution, if the 
efficiency of the machine is unity — an 
assumption that may raise eyebrows 
among muscle biochemists. What might 
also attract their attention is that the torque 
per generator is calculated to be about 
3x10-'? dyne cm; assuming that the 
generators act at a radius of 10nm, onecan 
infer that the tangential force per generator 
is about 20 times the average force 
generated by a muscle cross-bridge. In that 
sense bacteria seem to have a better design 
than muscle, and workers on flagella may 
have the more tractable problem. They 
still, 


generated at the molecular level, =~ oo < 
Michael Spencer is in King’s A 


Department of Bioph H 26-29 ‘baits Lane, 
London WC2B SRL. 


however, share with devotees of 
muscle the need to find out how force is 
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Hopes of central repair 


from Jeffrey S. Nye 


THE fact that the adult central nervous 
system cannot be repaired after injury and 
that neurological deficits are permanent 
and unchanging was challenged recently at 
a conference* which brought together 
clinical and basic neuroscientists who are 
` studying regenerative and repair processes 
in the central nervous system. The meeting 
made clear that clues from animal models 
-of degenerative disease, as well as basic 
as studies of regeneration in the nervous 
system, are increasing our understanding 
ef neurodegenerative disease. Moreover, a 
-~ radical change in the way some of the dis- 
eases are treated may be in the offing. 
. Controversy continues about the extent 
~ and importance of neurogenesis in adult- 
-. hood'. Classically, only during embryonic 
‘=o life do neuronal precursor cells multiply. 
<= They then migrate from the ependymal or 
¿o subependymal zones to their ultimate 
= destination, and only there differentiate 
-= into neurones or glia. In fish and birds, 
~. however, the evidence for neurogenesis in 
= adulthood is clear. Fernando Nottebohm 
(Rockefeller University) has shown that 
some avian species destroy and regenerate 
each year the neurones in certain forebrain 
nuclei*. In these nuclei, which subserve 
song production and perception, the 
acquisition and loss of neurones precede 
- the dats yearly acquisition and loss of 
- gong’. Thus neurogenesis serves an 
adaptive function in the life of songbirds. 
In the dentate gyrus and the olfactory bulb 





y - ofadult rats, select populations of cells are 
-> -born which are clearly neurones and not 
- glia, in view of the presence of synapses and 


neurochemical markers *°. 

- Neuronal plasticity does not depend 
exclusively on the formation of new 
neurones. In primates, for example, all 
neurogenesis is complete soon after birth, 


but learning continues throughout 


adulthood. Pasko Rakic and colleagues 
(Yale University) argue that each neuronal 
“population is born within its own discrete 
span of time during embryogenesis, some 
continuing into early infancy®. Despite 
extensive searching, no neurones born 
< after this period have been found in 
primates, with the sole exception of the 
olfactory neurones, which are renewed 
throughout the lifetime of the organism’. 
Restoration of the capacity for neurogene- 


-. sis in adult primates continues to be an 


attractive challenge to many neuroscien- 
tists. 

Instead of growing new neurones, adult 
primates adapt by forming new synapses 
(synaptogenesis) and modifying old ones. 
What stimulates these adaptive processes 





*The fourth annual conference of the Institute fer Child 
_ Development entitled ‘Hope for a new neurology’ was heki in 
New York City on 16-18 April. _ 


remains an open question. In a model | 


system using rats, Carl Cotman has shown 
that damage to neurones innervating the 
hippocampus will stimulate surviving 
neurones to increase the number of synap- 
ses they form with the hippocampus ®. This 


reactive synaptogenesis may also be | 
important for recovery of function after 


damage to neurones in aging and in neuro- 
degenerative disease. In the aging rat, the 
rate of synaptogenesis after injury slows, 
but the same final number of synapses is 
reached as in younger animals. Quan- 
titative similarity in the number of 
synapses, however, does not explain well 
known differences between the responses 
of old and young rats to brain damage. 
Indeed, Cotman has found decreases in the 
number of synapses contralateral to the 
injury in the hippocampus of old rats. He also 


finds differences in glial secretion of 


neuronal trophic factors in old versus 
young rats’. These findings may offer a 
possible mechanism for the poor recovery 
of old animals after injury. 

A highlight of the meeting was the 
presentation by three groups of the 
startling results of their studies of neural 
tissue grafts. Albert Aquayo (Montreal 
General Hospital) and his group have been 
studying axonal growth after injury to the 


central nervous system °. In contrast to | 


peripheral nerves, central neurones do not 
regrow axons past an injury; normally, 
they are prevented from doing so by astro- 
cytes and oligodendroglia. However, when 
peripheral nerve sheaths, 
Schwann cells, are grafted next to the site 


of such an injury, some central neurones | 


will extend axons as far as 3 cm through 


them. But when they reach the end of the 


peripheral nerve graft and re-enter 
damaged central nervous system, they stop 
growing and make no functional connec- 
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tions. Unfortunately, this impediment 


| must be overcome before grafts of peri- 


pheral nerve can be used to repair damaged 
central nervous tissues. 
Another approach to restore function” 


| after injury or in neurodegenerative disease 
| requires grafts of neurones similar to those 


which are damaged or missing. Pioneering 
work has demonstrated that intracerebral 
grafts will establish reciprocal synapses 
with surrounding nervous tissue!'. 
Functional recovery, however, requires 


| that the grafted neurones establish a net- 


work of connectivity similar to that found 
in undamaged brain. The stringency of this 


| requirement may depend on the site of 


damage. Might fetal cells, which are 
developmentally ready to send out pro- 
cesses and establish connections, retain 
these abilities outside their normal 


| environment? 


In a number of successful experiments, 
Lars Olson and colleagues (Karolinska 


| Institute) have demonstrated that fetal — 


neurones will survive grafting into the 
anterior chamber of the eye of a rat. 


- Moreover, neurones from the fetal sub- 


stantia nigra implanted into the eye will 
generate the same firing pattern that they 
do in situ. When implanted adjacent to a 
fragment of striatum derived from an adult 
rat, fetal nigral cells innervate and establish 
functional connections with it. 

In a similar series of experiments, the 
Lund group, led by Anders Bjorklund, has 
shown that injected fetal neurones from 
the septal nuclei will innervate a denervated 
hippocampus '?. The implanted cells 
elaborate a pattern of cholinergic pro- 
jections remarkably similar to that of the 
intact hippocampus. Even more 
astonishing, the grafts enable rats that have 
lost their cognitive abilities in a T-maze to - 
regain them. Although the injected septal 
cells could not have received afferents from 
normal sources innervating the septum, the 
cells apparently possess enough intrinsic 
information to restore function to a 
denervated hippocampus. 

Interestingly, Ulson has aliso 
demonstrated that adult adrenal chro- 


| maffin cells can substitute for substantia 
| nigra in innervating intraocular striatum ", 


In animal models, the implanted 
chromaffin cells begin to secrete 
dopamine, instead of their usual product, 
adrenaline. Both of the European groups 
have used dopaminergic cells from fetal 


| substantia nigra to alleviate the motor 


deficits in animal models of parkinsonism. 
Furthermore, Olson has extended his 
studies of adrenal medullary implants, and 
shown that they too will provide enough 
dopamine to prevent some of the | 
extrapyramidal symptoms of parkinsonian ` 
rats. For application to human disease, the 
use of adrenal grafts would avoid the 
ethical and immunological problems of 
using cells from fetal donors. 

Olson’s group has proceeded stereo- 
tactically to graft adrenal tissue from two 
patients with severe medically intractable 
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Parkinson’s disease into the head of the 
caudate of the brain'*. The success has 
been marginal. One patient showed no 
improvement (and no additional impair- 


œ% ment) and the other has had some minor 


reduction of symptoms in the arms alone. 
Olson speculates that the caudate might 
not have been the right location for the 
graft to prevent motor symptoms; recent 
studies on monkeys have suggested that the 
putamen is the striatal site more closely 
correlated with motor function '*. 

Despite these initial clinical failures, 
information from animal studies of neural 
grafting is accumulating rapidly. As work 
on the pathophysiology of Parkinson’s and 
other neurodegenerative disorders pro- 
gresses, investigators will test their new 
animal models with intracerebral grafts. It 
is likely that within a decade or two, neuro- 
logists will have another therapeutic option 
for severely disabled patients, and a new 
neurology. CJ 


Jeffrey S. Nye is in the Department of Neuro- 
science, Johns Hopkins University School of 
Medicine, 725 N. Wolfe Street, Baltimore, 
Maryland 21205. 
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Coloured comets 


from David W. Hughes 


WHAT colour is a comet? There is no easy 
answer. Visually, they are rarely seen in 
true colour because the retinal cones, 
which respond to colour, are usually 
swamped by the rods when it comes to the 
nocturnal vision of faint objects. George F. 
Chambers, a prolific cometary observer at 
the turn of the century, found that comets 
‘exhibit a more or less silvery-grey hue’. 
There were some exceptions, The sensa- 
tional assertions of our mediaeval ances- 
tors that comets had the colour of blood, or 
were fiery red, were discounted by 
Chambers, although tinges such as yellow, 
yellowish and ruddy were thought possible, 
particularly for bright comets. 

A quantitative approach to cometary 
colour can be made by measuring their 
brightness through a set of filters, as used 
recently by William Hartmann and Dale 
Cruickshank (/carus 57, 55; 1984). They 
analysed the V, J, H and K brightnesses of 





fourteen comets through filters centred on 
0.55, 1.25, 1.58 and 2.2 um. Defining an ‘a 
index’ as the position of a Solar System ob- 
ject on the J-H-K colour-colour diagram, 
Hartmann and Cruikshank find, crudely, 
that low (J-H), (H-K) brightness values 
(obtained by subtraction) are equivalent to 
high as and vice versa. By looking at a 
range of asteroids, satellites and laboratory 
substances, the authors find that the a in- 
dex increases both as a function of increas- 
ing albedo and as the ratio of ice to dirt area 
of the reflecting surface increases. The a in- 
dex is also a function of colour, low values 
coming from dirtier redder surfaces, high 
values from bluer icier surfaces. 

Data from the fourteen comets show 
clearly that cometary a indices increase as a 
function of heliocentric distance. Put 
simply, this means that as comets approach 
the Sun they become brighter and redden. 

Unfortunately, the physical effects 
responsible for the a change are rather con- 
voluted. First, changing the particle size 
distribution can change the colour, with 
the introduction of relatively more small 
particles causing reddening. Second, com- 
positional changes can also affect the col- 
our. Remote comets (such as Schwassman- 
Wachmann | at 6 AU) can release relatively 
stable icy-dust grains. When the comets are 
about 1 AU from the Sun, the ice compo- 
nent of the coma grain sublimates within 
less than an hour, so only the reddish car- 
bonaceous dust remains to reflect sunlight. 
Notice that this mechanism could explain 
why the eruption of jets of fresh material 
from the nucleus can lead to sporadic col- 
our changes — an injection of icier material 
turning the coma bluer. The third factor is 
phase. Asteroids certainly redden as they 
are observed at larger phase angles and 
comets could follow suit. Comets observed 
at similar phase angles do, however, exhibit 
significant differences in colour; the nature 
of the reflecting and scattering particles 
must therefore differ. 

Hartmann and Cruikshank conclude 
that comets get redder as they approach the 
Sun and that this is not just due to a change 
of phase. The underlying cause is probably 
tied up with a decrease in the iciness of the 
dust being pushed away from the nucleus 
by momentum transfer from the sublimat- 
ing gases. The closer a comet is to the Sun 
the hotter this dust becomes. Unfortunate- 
ly we might have to wait for another 
brilliant daylight comet, the last of which 
was 1910 I, before we can see a blood-red 


comet with the naked eye. o 


Infrared image of cloud structures off the north of Scotland, taken by the NOAA 5 
satellite at 0335 GMT on 23 March 1982. The wave-like features are caused by buoyancy 
oscillations — ‘gravity waves’ — occurring in Arctic or polar maritime air masses. 
From a recent paper in Meteorological Magazine (113, 97; 1984) in which K.J. Weston 
relates oscillations in wind speed and direction measured at the surface, with periods 
of about 20 minutes, to such high-altitude phenomena. Photograph: University of Dundee. 





David W. Hughes is a Lecturer in Astronomy 
and Physics at the University of Sheffield, Shef- 
field S3 7RH. 


ing ionization with a gold-leaf electro- 


? sf Photographic film is actually an excilent 
detector, and for 1.5 AX rays itis about 70 
-> per cent quantum efficient. Automated 









X-ray crystallography 
Advantages of electronic ‘film’ 


from Stephen C. Harrison 


BY comparison with other areas of molecu- 
lar biology, the determination of macro- 
molecular structure has suffered because 
of the time-consuming and tedious course 
of X-ray crystallographic investigations. 
Recent advances in genetic manipulation 
have made it possible to produce consider- 
- able quantities of all sorts of interesting 
- proteins and protein—nucleic acid com- 
plexes, some of which have been crystal- 
_ lized. It is therefore of more than casual in- 
terest that as a result of progress in the 
- -technology of X-ray detectors we appear to 
-beon the verge of achieving a substantial 
acceleration in the collection of intensity 
data from crystals. The new detectors are 
two-dimensional position-sensitive devices 
- which permit the simultaneous recording 
~ of large numbers of reflections with the ac- 
© curacy usually associated with one- 
-~ reflection-at-a-time diffractometers. 
_. The earliest X-ray intensity measure- 
~ ments from crystals were made by follow- 


meter. The hands of Bragg pêre and Bragg 
fils, actuated by the beat of a metronome, 
served as the ‘stepping motors’ for moving 
the crystal through its reflecting position. 
(Bragg junior wrote an entertaining ac- 
count! of the times in which the intensity of 
the 100 reflection from NaCl could be 
reported? to be ‘676, when the crystal was 
turned through five minutes of arc for each 
beat of the clock’). As more complicated 
structures came to be studied, recording 
with photographic emulsions became stan- 
dard, since it enabled many reflections to 
be measured simultaneously. The advent 
of automated diftractometers in the late 
1950s turned a large part of the crystallo- 
graphic community to electronic data col- 
lection, using a proportional counter or 
similar device, but the inefficiency of recor- 
ding only one reflection at a time made dif- 
.. fractometry a poor choice for larger or 

“more complicated proteins. A simple 
calculation presented by Arndt’ shows that 
for unit cells larger than about 150 A, ap- 
propriate photographic recording is the 
significantly more efficient approach. In- 
deed; stepped oscillation or rotation 
photography has become standard in most 
laboratories working on large proteins and 
at synchrotron. installations supporting 
macromolecular crystallography. 


two-dimensional densitometers, such as 
the widely used rotating-drum scanners, 
make digitization of films and evaluation 
of intensities relatively straightforward, 
~~ although in a number of cases the tedium of 


-0 this step has proved rate-limiting. A more 


_ significant disadvantage of photographic 
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measurement is the limitation to its ac- 
curacy imposed by the small fraction of 
recording time during which a given reflec- 
tion is diffracting. In oscillation photo- 
graphy, a 1° photograph is ‘typical’, but 
the angular range over which a particular 
order diffracts might be 0.1-0.2°, depen- 
ding on geometrical factors and crystal 
quality. Background is recorded on the 
film during the remaining 0.8-0.9°, 
decreasing the signal-to-noise ratio. This 
disadvantage could be eliminated by the ex- 
pedient of recording a series of 0.1° photo- 
graphs — and it is precisely this possibility, 
impractical with actual film, that is offered 
by the new devices. 

Currently there are three quite different 
two-dimensional detectors for single- 
crystal X-ray diffraction, each based on 
different design ideas and on significantly 
different technologies. The device 
developed by U. Arndt at the Medical 
Research Council Molecular Biology 
Laboratory in Cambridge, and now 
marketed by Enraf Nonius, records the dif- 
fraction pattern on a fluorescent screen 
connected by fibre optics to an image inten- 
sifier4-5, The intensifier output is read by a 
television system linked to a computer. The 
Gd,0,Sinput screen is 47 x 63 mm and the 
final scan is binned at 512 x 512 pixels. The 
size of the screen and the point-to-point 
resolution imply that data to 3 Aresolution 


from crystals with a 100 cell constant. 
Crystals with larger unit cells require a 


several detector settings. The device in- 
cludes a 4—circle goniostat to facilitate 
resetting. | 


and colleagues at the University of Cali- 
fornia at San Diego is a multiwire propor- 
tional counter, derived from detectors 
developed for high-energy physics®’. It 
consists of a xenon-filled ionization 
chamber with delay-line readout from 


active area of 27 x 30 cm, with a spatial 
resolution of 0.6 mm full width at half max- 
imum (FWHM) in the horizontal direction 
and 2 mm in the vertical direction. The 
modest resolution necessitates a large 
crystal—detector distance (1 m or more), 
and full recording of a protein diffraction 
pattern to 3 Aresolution may require multi- 
ple settings or an array of more than one 
detector. The set-up in Xuong’s laboratory 
has already been used to solve several struc- 
tures, including dihydrofolate reductase® 
and the large (‘Klenow’) fragment. of 
Escherichia coli DNA polymerase I (T. 
Steitz, personal communication). A similar 


device has been constructed at the Univer- 


sity of Virginia. 







can be collected at a single detector setting _ 


longer crystal—detector distance and | 


The detector developed by N. Xuong | 


planes of parallel wires in x and y. It has an | 
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A different type of xenon-filled detector 
has been developed by R. Burns of the Xen- 
tronics Corporation, Cambridge, Massa- 
chusetts. It is also a multiwire device, but 
with capacitive readout and with much 
higher spatial resolution (0.2 mm FWHM 
in both x and y). Its active area is 12 cm in 
diameter, and it is fitted with a modified 
oscillation ‘camera’. The high spatial 
resolution permits a single detector to 
mimic a conventional X-ray film. The Xen- 
tronics detector has been used to collect 
data from several quite challenging 
crystals, including tomato bushy stunt 
virus, with a unit cell constant of 383 A, and 
in our preliminary experience has shown 
very favourable intensity statistics’. 

Each of these devices is likely to have its 
own niche in the ecology of crystallo- 
graphic applications. An advantage of the 
television-based design is its inherently 
higher data-rate capacity. The xenon-filled 
devices are at present limited by dead time 
to a total rate (over the face of the detector) 
of 30-50 kHz. Although not a significant 
disadvantage with conventional sources, 
this limitation can restrict possible applica- 
tions with synchrotron sources. The 
Xenotronics device has the advantage of 
being a compact unit that can be moved 
easily from one X-ray set to another. Its 
large active area and high spatial resolution 
also give it an edge in the large-unit-cell 
range. 

The gain in signal-to-noise that detectors 
offer with respect to film can be used either 
for increased accuracy or for increased 
speed. The increased accuracy will be 
especially helpful for medium-to-large unit 
cells, where reliable heavy-atom differ- 
ences have sometimes been difficult to 


| measure and noisy difference data difficult 


to interpret. The increased speed offered ~ 
by these new approaches to data collection 


is likely to have immediate impact in the 
analysis of variants, mutants, modified 


proteins, active-site complexes and the 
like. Since these aspects of an investigation 
follow the initial structure determination, 


they are usually not held up by the phase 


problem (for example, the search for 
heavy-atom derivatives) but rather by the 


_ process of intensity measurement itself. It 


should soon be much simpler to couple site- 
specific mutagenesis and X-ray 


_erystallography, in order effectively to test 


hypotheses based on the examination of a 
new structure. CJ 
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SR- — “Acid rain” is a scientific issue for 
_ which careful presentation of results is of 
considerable importance, especially as the 
_ issue has entered the domain public debate 





in the United Kingdom. It is therefore right 


to ask whether we always present the results 
of acidity measurements of rainfall and 
freshwaters in the most appropriate way. 

The answer, I believe, may be no. 

The acidity of rainfall and freshwater 
bodies is commonly reported in terms of 
the pH. This is a long established scale and 
one that is particularly convenient for 
expressing concentrations of hydrogen 
(H +) ions (strictly speaking H + activity) 
when they range over several orders of 
magnitude. Difficulties in its use can arise 
from a failure to recognize that, being log- 
arithmic, the pH scale is not linear. Confu- 
sion on this count, particularly i in nonscien- 
tific circles is easy to imagine. Even in scien- 


tific circles a drop in pH of say 0.5 units 


appears at times to be treated as being equi- 
valent, whether it occurs from pH 6.0 or 


Dates pH 
sean 4 4.5 5 5.5 
1963 1644) 
1922- 
1902 





SCIENTIFIC CORRESPONDENCE 


near scale for acid rain? 


last 400 years or so (Fig. la). 

It is at this point, however, that caution 
needs to be exercised. Interpreting trends 
on the basis of the data as presented in Fig. 
la is not straightforward, due to the use of 
PH on the abcissa. Expressing the results in 


terms of H + ion concentration ona linear | 


scale gives a significantly different 
impression of the trend over time in this 
lake (Fig. 1b). 

To emphasize this point, the results in 


Fig la indicate that about half the total 
change in pH had taken place by around | 


1900. Furthermore, almost all of the 
change had taken place by 1930 with very 
little change after 1940. In other words the 
major pH change took place early in the 
first half of the present century. But in 


terms of H + ion concentration, half of the | 
change had taken place by the later date of | 


around 1920, while there was a further 
steep increase from around 1950 to the 
present (Fig. 15). 

The use of a linear representation of con- 


(H*) pequivaients / titre 


6 15 19 5 Q 








Fig. 1 Reconstruction of H + ion concentration history in Round Loch of Glenhead. a, Using pH 
scale (logarithmic); b, using linear concentration scale. (Based on ref. 1.) 


from pH 5.0. In fact, the former case repre- 
sents an increase in the H + ion concentra- 
tion of some 2 microequivalents per litre, 
the latter of around 22 microequivalents 
per litre. 

To give a more specific example, defini- 
tion of trends over time in acidity levels has 
been commanding a great deal of atten- 
tion. This is of some importance in estab- 
lishing the relationship between emissions 
of sulphur dioxide and nitrogen oxides and 
subsequent acidification of the environ- 
ment. Unfortunately, records of pH 
measurements of both rainfall and natural 
water bodies go back only several decades 
and even then there are problems over the 
continuity and quality of the data. Diatom 
stratigraphy in lake cores appears to 
provide one means of overcoming these 
problems, as demonstrated in the recent 
paper by Flower and Battarbee!. By 
measuring the changes in the diatom popu- 
lation in a 2!°Pb dated sediment core they 
were able to reconstruct the pH history of a 
lake in the south-west of Scotland over the 


centrations provides the most appropriate 
means of representing the magnitude of 
any changes in concentration. (This is not 
to say though that effects are necessarily 
related linearly to concentration.) It is 


therefore encouraging to see a move to the | 
use of a linear scale in reporting rainfall | 


chemistry data in the United Kingdom?. 
Indeed a widespread adoption of the linear 
concentration scale when reporting H + 
ion concentrations, especially in acidic 


rainfall and freshwaters, would appear to | 


be overdue. 


Air Pollution Group, 
Scientific Services Branch, 
Greater London Council, 
County Hall, 

London SEI 7PB, UK 
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| Alphabet and the _ 


alphabet-dominated modern world, S 


strategies involving the right hemisphere. _ 


| societies used them, hieroglyph 
logograms and other non-alphabet 





Western mind 


Sik — The unprecedented genius of Gr 
is unexplained. F conjecture. ‘that a 
modern study of the mind provides some 
tentative answers. e 

Before the Golden Age of Greece, the : 
Greeks had developed their alphabet: This 
writing system is unique in possessing, by F 
symbolizing vowels as wellasconsonants,a 
fully phonetic representation of language. 
This is achieved at the cost of limiting the 
representation of writing in the brain, as 
only the left cerebral hemisphere contains _ 
areas which are competent in the required 
phonetic analysis'. This has led to the — 
ubiquity of the association, in the 





between injuries to the left hemisphere and 
impairments of writing and reading skills 
This, however, is not a ‘necess 
restriction with all writing systems. 
phonetic writing systems can use read 







Indeed, neurological studies show that — 
hemispheric representation of non- 
alphabetic writing systems differs 
markedly from that encountered with- 
alphabetic ones. Hatta? and otherstS 
have shown that logographic characters are. 
more efficiently recognized by the right 
hemisphere. Sasanuma® has shown tha 
Kanji, the non-phonetic writing system 
J apanese, is vulnerable to different areas‘o 
brain injury from Kana, the phonetic 
system of Japanese writing. G 
There is evidence that reading retard- 
ation is associated with reduced 
involvement of the left hemisphere in — 
reading’. In its absence such readersrelyon - 
the right hemisphere, which has been — 
shown to have the ability to read simple 
English words independently of the left 
hemisphere’. In the absence of left- 
mediated phonetic analysis, the reading of 
frequent lexicals can occur through a non- x 
phonetic strategy of logographically recog- 
nizing them from their shapes. It hasbeen 
shown that retarded readers can learn to 
read Chinese logograms with their English 
translations more proficiently than their 
alphabetic equivalents’. Present studies of 
right hemispheric reading competence uses 
alphabetic lexicals which require left hemi- 
spheric phonetic decoding skills that disad- 
vantage it rather than logographic ones 
which do not. I therefore suggest that the 










| reading ability of right hemispheres for 
| these and other non-Western writing 
DUNCAN P. H. LAXEN | 


systems will be found to have been under- 

estimated. The right hemisphere, I. $ 
conjecture, is fully competent, probably ` 
more so than the left hemisphere, to read; _ 
at the level of understanding which anc 









writing systems. 

There are independent reason 
believing that pre-alphabetic writ 
systems were represented in the right 






4 


“sphere. Such systems. adopta sinistral, that ' 
is, right to left, direction of writing. and | 
reading scan. Studies of ¢ eye scan direction | 
have shown that sinistral scan direction | 
favours a perception of lexicals to the left- 


of the visual fixation point’. Such displace- 


ment. of lexical perception into the left- 


visual field would be expected if lexicals 
were preferably. processed in the right 


hemisphere. Likewise as dextral scanning | 
produces a perception of lexicals to the 


right of the fixation point, the dextrality of 
the Greek alphabet would follow from the 
adoption of a left hemispheric perception 
‘of lexicals through the right visual field. 
Why should the development of a left 
rather than a right or bilateral represent- 
ation of writing, as a consequence of the 


alphabet, have led to the Greek intellectual 


: revolution? The answer probably lies in the 
a fact that “competences” within the brain 





-compete for expression. Analogously to- 










lelian genes, the competences of the 
id can have a dominant or recessive 
ionship to each other. Levy and 
then? have. shown that when two 
5 pheres- each possess a competence 
-able to answer a question, only one will 
-do-so. Though often the dominant 
-competence will be superior in correctly 
replying compared with the recessive 
“competence it dominates, frequently the 
recessive competence, as found by uni- 
~“Jaterally testing it, will have a superior 
ability to answer to the question correctly 
-than the competence which dominates it. 

| conjecture that the alphabet, by 
producing a unilateral representation of 
- lexicals in the left hemisphere, freed reces- 
: sive competences in the left hemisphere 
which underlie rational, analytical and 
logical thought. These competences were 
4 reviously overshadowed, inhibited and 
< restricted in their development by a right 
hemispheric set. of competences deriving 
-from its representation for lexicals. 

JOHN R. SKOYLES 
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Alignment of base 
sequences 


< SIR — In a recent. paper Richards et al. | 


s how!, in their Fig. 4, an alignment in 
which they claim that gaps ‘‘were inserted 
-to maximize the number of base matches’”’. 

The authors are to be commended on the 
clarity of phrase ‘‘number of base 
_matches’’ when so many would have 
preferred the ambiguous term 
- “homology”. They have, nevertheless, 








still managed to mislead the careless reader 
as the following. segment of their alignment 
shows: 


wan me OO TICAGAATACAGAATAGGGACATAGAGA 
ATCCCACCCAGCCCCCTGGACCTGTAT—~——-—-——— 


(Underlining shows the base matches.) An | 


alternative alignment might be as follows: 
CCPICAGAATACAGAATAGGGACATAGAGA 
ATCCCA-~-CCOCAGCCCCCTGGACCTGTAT 
This alignment reduces the number of gaps 
in this region by 50 per cent, reduces the 
number of gapped residues by 80 per cent, 
and increases the number of base matches 
by 133 per cent. More modest improve- 


ment around two of their other gaps is also | 
possible. If I can increase the number of | 
base matches by removing gaps, then clear- | 
ly the authors’ insertion of gaps did not | 
maximize that number. One should seldom | 


claim that one has maximized anything in 


the absence of a rigorous algorithm to ac- | 


complish that task”. It is sufficient (and fre- 


| quently correct) to assert that gaps have | 
been introduced to increase the number of | 


base matches. 

WALTER M. FITCH 
Department of Physiology, 
University of Wisconsin-Madison, 
Madison, Wisconsin 53706, USA 
i. Richards, J-E., Gilliam, A.C., Shen, A., Tucker, P.W. & 
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Fissure animals of 
Bristol and South Wales 


Sir — Michael Benton has given a fair 
account of the published material on the 
Upper Triassic and Lower Jurassic fissures 
of Bristol and South Wales'. However, 
in reviewing my work on the fissures, he 
missed some important aspects. 


He states that “we must now view the | 


fissure animals as representing a sample of 
a lowland fauna rather than a peculiar 
upland fauna’’. In particular, the tetra- 
pods should be viewed as representing an 
insular lowland fauna and not the usual 
continental lowland fauna. The poorly 


dated mammal-bearing fissures of South | 


Wales are generally described as being on 
islands? of (probably) Lower Liassic Age, 
whereas the specifically dated* Tythering- 
ton fissure fauna can be viewed as being 
derived from a small low-lying Rhaetian 
island habitat’. Indeed, the incidence of 
these tetrapod faunas, which are domi- 
nated by species with a small body size, is 
remarkably similar to Quaternary herpeto- 
faunas found in solution fissures® or 
banana-holes’ of modern-day islands. 

The importance of this concept, that the 
Bristol and South Wales fissure animals are 
derived from insular Triassic/Liassic 
faunas, cannot be underestimated. 


Because of the small land areas on which | 


they live each reptile species would have 
had a relatively low overall population size 
and thus would be subject to rapid rates of 
genetic drift and a high probability of ex- 
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tinction. Insular faunas are impoverished 
and show evidence of disharmony’. There- 
fore the biota could be expected to be un- 
usual in respect to other preserved faunas 
of the same age, and any given fissure rep- 
tile species may show aberrant features 
compared to its contemporaneous unpre- 
served relatives. In this respect, rather than 
being closely related to Anchisaurus as 
generally proposed’, Thecodontosaurus is 
more likely to be a dwarf plateosaurid 
(either Plateosaurus or Lufengosaurus). 
Full details are in preparation but, for ex- 
ample, it is the case that the basioccipital 
and basisphenoid of Thecodontosaurus 
antiquus discovered at Durdham Down is 
much more similar to that of Plateosaurus 
than that of Anchisaurus. 

The high turnover rates expected on 
these small limestone islands lying near the 
Welsh and European landmass would also 
provide one alternative interpretation of 
the differences between the limestone 
faunas of the Slickstones fissures described 


| by Fraser and Walkden!’®.’ 


The remarkable preservation of the 
many tiny reptile bones can easily be ex- 
plained by the short transport distances 
from death to burial expected in small 
islands. Indeed, deposition of the bones 
may be at least pariy bow as level (see 
ref. 5). 

Finally, reptile remains were described 
from Durdham Down fissure!', and lepi- 
dosaur vertebrae were found in Holwell!?; 
both these reports predate the description 
of Clevosaurus in 1939, that Benton refers 
to as the earliest description of reptile re- 
mains from these fissure deposits. 

D.I. WHITESIDE 
13 High Street, 
Bloxham, Oxon., UK 
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Seminal lymphocytes, plasma 


| and AIDS — Erratum 


In the piece of ‘‘Scientific Cor- 

respondence’’ by Keith James in the issue 

of 10 May (Nature 309, 117; 1984) the 

reference list was omitted. It should read: 
1. Prakash, C. & Lang R.S. Mt. Sinai J. Med, 47, 491 (1980). 

2. Anderson, D.J. & Tarner, H. J. Pmmun, 128, 535 (1982). 

3. James, K., Bradbury, A. W.. Hargreave, T.B., Cullen, 
R.T. & Donaldson, K, W. AIDS Res, $45 GRI. 

Talal, N. fmmun. Today 4, 180 (1983). 

. Roder, L.C. & Hatiotis, T. farmer Today. 1,96 (1980). 

James, K. & Ritchie, A.W.S. immun. Today tin the press). 

Peterson, B.H., Lammel, C4., Stites. D.P. & Brooks, G.F. 
J. Lab. clin. Med. 6, 682 (1980). 

. Witkin, S. Richards, J.M. Bongiovanni, A.M. & 

Zelikovsky, G. Am. J. Reprad..immun. 3, 23 (1983). 


mame 


Ki 
































Stoichiometry and the structure and 
stability of inorganic solids 
M. O’Keeffe a 





Department of Chemistry, Arizona State University, Tempe, Arizona 85287, USA 


B. G. Hyde 


Research School of Chemistry, The Australian National University, PO Box 4, Canberra, ACT 2601, Australia 





Stoichiometry (cation/anion ratio) is an important factor in determining the structure and stability of 


many inorganic crystals. It directly affects the coordination numbers of atoms, the relative stabil 
of oxidation states and the tendency to form compounds with bonds between like atoms. Cation-rich — 
binary compounds, especially oxides and nitrides, are either relatively unstable (have 
energies) or do not exist. In such cases peroxides 


normal bond energies. 






WE are concerned here, in a very general way, with the role of . 


stoichiometry in determining the structure and stability of simple 
inorganic solids. Although elementary, its importance in 
chemistry has generally been underestimated (but see ref. 1). 
We find that several observations, otherwise not readily explic- 
able, are susceptible to a simple rationalization in terms of the 
constraints imposed by stoichiometry (which are ultimately 
those of valence). The emphasisis is mainly, but not exclusively, 
on binary compounds of main group metals with nitrogen, 
oxygen and fluorine. 

We first distinguish between normal compounds and poly- 
_ compounds. The former are those in which there are bonds 
only between unlike atoms (as in SiO,). In the tatter? there are 
also identifiable bonds between like atoms (as in azides and 
peroxides). These terms provide at best a rough classification; 
in general there is no rigorous criterion for deciding whether 
any two atoms in a molecule or a crystal are, or are not, bonded 
together. It is well known**, for example, that bond-order 
criteria based on interatomic distances (d) often lead to results 
contrary to intuition. (For example, in Mg metal, d(Mg-~Mg) = 
3.21 A, whereas in MgO, d(Mg-—Mg) = 2.98 A.) Equally, it is 
now recognized’ that the presence of a build-up of electron 
density between atoms does not automatically indicate the pres- 
ence of covalent bonding. 

In the normal compounds of the main-group elements, the 
oxidation states are mainly determined by the position of the 
element in the Periodic Table. Accordingly, there is usually just 
one normal binary composition for a given pair of elements 
(such as, Cs,O), although the compound may well be polymor- 
phic. (There are obvious exceptions involving mainly pairs of 
the more-electronegative elements such as the sulphur or 
nitrogen oxides.) On the other hand, the same pair of elements 
may well form a number of polycompounds such as Cs,0, 
Cs,03, Cs,,O; and Cs,O. Note that Cs,0, [ = Cs,(O;),] has both 
polycations and polyanions. 

Pairs of elements which form stable normal compounds, very 
often do not form polycompounds [for example, AIN but not 
AI(N;);] and conversely, those which form stable polycom- 
pounds often do not form stable normal compounds (for 
example, NaN, but not Na;N). In what follows we generally 
discuss stability with reference to dissociation to free atoms 
(bond energies); although by this test Na,;N may well be stable, 
however, we shall argue that in this instance the bond energy 
is unusually low. 

Our approach is largely phenomenological. In particular we 
will not discuss.whether compounds are ‘ionic’ or ‘covalent’, 
although for convenience we shall use the terms anion and cation 





and azides are preferentially formed; 
















when the context leaves no room for ambiguity. 
however, offer an interpretation of our observatio 
properties of metal-rich compounds (those with cation/anior 
stoichiometric ratios significantly greater than one) in which we 
identify a destabilizing influence of cation—cation interactions 
Here a ‘size’ effect clearly emerges. mee ae 



















Bond energies and strengths T 
The term bond strength is used as defined by Zachariasen 
that for bond strengths v,, between atom i and neighbou 


2 Uy = Z 


where z; is the valence of i, For a symmetrical coor 
polyhedron v is the Pauling’ electrostatic valence. In 
of large interactions between next-nearest neighb 
a good approximation, a unique function of the bond 
Elsewhere we have used the concept of equi 
enthalpy (the bond dissociation energy per unit bond stren 
and demonstrated that (with exceptions of special interest bel 
it is approximately constant for bonds toa given metal in oxi 
The enormous number of natural chemical compounds shoy 
that equivalent bond enthalpies must be approximately consta 
for any pair of elements. aE ee 
In rare instances, for example CO,, high order (v > 1) bon 
are favoured. More commonly, the situation is one in which | 
structures with many weaker bonds are favoured to an alternative _ 
with fewer strong bonds: an example is SiO). Thus, in general, 
large coordination numbers are preferred, and this: gives rise, 
for most combinations of elements, to solid structures. Frage 
mentation of structures into molecules, with low coordination 


‘numbers, is the exception, and occurs only with relatively few 


combinations of elements. We are mainly concerned, therefore, 


with the factors that provide upper limits to ‘coordination — 
numbers. 


Coordination numbers in crystals 


In most crystals, coordination numbers are determined by three 
principal factors. The first two involve a balance between the a 
tendency to form as many bonds as possible, and the interactions 2 
(normally, but not necessarily, repulsions) between the next _ 
near-nearest-neighbour atoms. Note that when considering such 

interactions, the ‘size’ of an atom is its non-bonded size’, which ea 
has no relationship to conventional ionic radii. Indeed, the -= 
failure of the ionic radius ratio rules for coordination numbers 
has long been recognized", but still not generally accepted. This 
neglect has led to the erroneous point of view that (to take a 
specific example) cation coordination numbers in oxides are 
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¿solely determined by oxygen-oxygen repulsions and not by 
“cation—cation repulsions. 

© An important point is that cation and anion coordination 
‘numbers are not independent: by definition, each bond has a 
-eation at one end and an anion at the other, so that the ratio 
of the average coordination number of the anions to that of the 
-cations is equal to the stoichiometric cation/anion ratio''. Thus 
is SiO,, “Si implies—at least on average—"O, and we may ask 
whether the coordination number of Si in SiO, is limited to four 
(at ordinary pressure) because no more than four oxygen atoms 
can fit around a silicon atom, or because no more than two 
silicon atoms can fit around an oxygen atom. We prefer the 
second point of view’. 

In order that the shortest interatomic distances in normal 
crystals be between cations and anions, coordination numbers 
must clearly be less than, or equal to, 12. In binary compounds 
the limiting value is only reached in exceptional structures such 
as those of Cr,Si and WA1I,; (hardly normal compounds in the 
“present context). In practice this third constraint limits coordina- 
tion numbers in normal compounds of nitrogen, oxygen and 
“fluorine so that values in excess of nine are very rare. It follows 
that when the cation/anion ratio is very different from unity, 
the majority component will have a rather low coordination 
‘number (thus four for Rb in Rb,O and two and three for Li in 
-Li N). This important influence of stoichiometry in influencing 
coordination numbers appears largely to have gone unrecog- 
-nized although N. V. Belov (quoted by Lebedev’) apparently 
“realized, but did not explain, the phenomenon. 
“Examples of unusual coordination numbers are to be found 
-among the many cation-rich ternary oxide structures determined 
‘by Hoppe and coworkers'*. Thus transition metal cations in 
planar 3-fold coordination are found in Na,MO, (M = Zn, Fe, 
Co and Ni) and in Na,>Co,O,, and Ni(1!) is in linear 2-fold 
_ coordination in K,NiO,. We emphasize that these low coordina- 
-tion numbers for the cations are due in large part to the high 
- stoichiometric ratio of cations to anions in the compounds. 
We have mentioned that in SiO, the coordination number of 
© Si was largely determined by the difficulty of fittihg three Si 
atoms around an oxygen atom. This is neatly illustrated by the 
- structure of SiP,O, in which the increased anion/ cation ratio 
-allows silicon to be six coordinated by oxygen while keeping 
the oxygen coordination at two (that is “SEP. O). There are 
: several other silicon phosphates in which the coordination num- 
_ ber of silicon is similarly controlled by stoichiometry". 


- Irregular coordination figures 
The occurrence of irregular coordination figures in structures 
-can also be a simple and inevitable consequence of 
_ stoichiometry. We illustrate this point by stoichiometry M2X;. 
~ If M is to have coordination number four, X atoms must exist 
~ in at least two different coordinations (the average coordination 
umber of X being 8/3). Thus '“B,"O"'O, for the structure of 
-< high-pressure. B,O,. In this compound the sum rule, equation 
(1), requires that the strengths of the bonds to the two-coordin- 
ated oxygen are v=] and for the three-coordinated oxygen, 
p= 2/3. As bond strengths and bond lengths are strongly corre- 
- Jated'* these two bond strengths correspond to different bond 
` Jengths—in this example 1.38 A and 1.51 A respectively. The 
coordination figure about boron (B"O"'Q;) is correspondingly 
-an irregular tetrahedron. The irregular coordination figure about 
La in A-type La,O, (in which La is in 7-fold coordination) is 
-similarly explained. — 
In such structures, the Pauling’ electrostatic valence sum rule 
is not obeyed, and according to Pauling’s hypothesis they are 
destabilized. Certainly there are no stable oxides of 
"stoichiometry M,O, in which all the M atoms are in four- 
< coordination despite the fact that atoms such as B, Al, Ga, 
e(111) are frequently in four coordination in ternary oxides and 
1 like. We caution against too much generalization; for some 
etals (notably the early transition elements) distorted coordina- 
on polyhedra are in fact more stable than regular ones (as 
lustrated by the structures of MoO, and WO;). Nevertheless, 





















600} 


500 





Be Mg Ca Sr Ba 


600 


h(kJ/equiv) 


500 


400 





Li Na K Rb Cs 


Fig. 1 The equivalent bond enthalpy, A, in alkali and alkaline 
earth oxides. @, Ternary and similar oxides*; ©, normal binary 
oxides; x, peroxides. 


the instability of irregular coordination figures of the type just 
discussed is the reason for some departures from the general 
rule that cation coordination decreases with increasing 
cation/anion ratio. An obvious example is “AIPO, and “ALO; 
another is the structure’? of Na;NO, with YN (nitrogen is 
considered a cation in this context) in contrast to N in NaNO3. 


Bond energies 


An earlier study® of heats of atomization of oxides showed that 
there is a constant contribution, per unit of bond strength, for 
each M-O bond, to the total heat of atomization of ternary and 
similar oxides. With the exception of the alkali metals and, to 
a lesser extent, the heavier alkaline earth metals, the contribution 
from each element was equal to the equivalent heat of atomiz- 
ation of its binary oxide. 

The data of that study (for Li, Na and K) have now been 
augmented with the few available data for ternary oxides of Rb 
and Cs (ref. 16). These have been used to calculate the equivalent 
bond enthalpies both in binary and in ternary and such like 
oxides that are shown in Fig. 1. Note that these quantities differ 
by an amount that increases with increasing size (atomic number) 
of the metal atom. The most obvious way that the binary oxides 
differ from the rest is in stoichiometry; the latter all had 
cation/anion ratios less than one, in the former it is two. We 
suggest that the higher proportion of metal atoms in the binary 
oxides result in significant cation—cation interactions which des- 
tabilize the crystal to an extent that increases with cation size. 
This view is strongly supported by the observation’’ that bond 
lengths in alkali metal oxides are anomalously lengthened (com- 
pared with those in ternary compounds) in a parallel manner. 

Figure | also shows the M-O equivalent bond enthalpies in 
the peroxides M,0,. These were calculated from the heats of 
atomization of the solid peroxides by subtracting the O-O bond 
energy, the latter coming in turn from the heats of atomization 
of H,O and H,O, (ref. 18). It may be seen that they are normal 
in the sense that they lie very close to the points found for the 
ternary oxides, showing clearly that the increasing tendency to 
peroxide formation with increasing atomic number is due, not 
to enhanced stability of the peroxide, but rather to decreased. 
stability of the normal binary oxides.. | gies 


For the nitrides and azides fewer relevant data are available. ae 
However, Wattenberg’s'” work shows that if it exists at all, NaN 
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Fig. 2 Equivalent. bond enthalpies (heats of atomization per 


equivalent) for binary solids. @, Fluorides; ©, oxides; x, nitrides. 
The arrow represents the upper limit for Na,N derived in the text. 
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is metastable with respect to Na(metal) and N,. Thus for the 
reaction 6Na + N,=2Na,N, AG9,,>0 from which we estimate 
AH%3,3;>-57kJ mol™', and hence an upper limit for the 
equivalent bond enthalpy in the binary compound hy(Na-N) < 
260 kJ mol`". A value for the equivalent bond enthalpy h(Na~N) 
in NaN; may be obtained in the same manner as for the peroxi- 
des (that is using data for NaN,, HN, and NH;) giving h= 
554 kJ mol`’. Although rough estimates, the difference h — hy is 
striking and demonstrates that sodium nitride, like sodium 
oxide, has an anomalously low bond energy. 

Figure 2 shows equivalent bond energies for normal binary 
compounds with N, O and F. The fluorides show the expected 
trend of bond energy increasing with increasing electronegativity 
difference. However, bond energies to N, and to a lesser extent, 
to O are clearly anomalous in the case of Na and, to a lesser 
extent Mg. (In contrast, the equivalent bond energies in ternary, 
and similar oxides® show the expected trend similar to that of 
the fluorides in Fig. 2). 


Nonexistent compounds 


We have called attention to the reduced stability (and consequent 
lengthened bonds) in certain metal-rich normal compounds. The 
effect was larger for heavier metal atoms and larger metal/non- 
metal ratio. It might then be expected that certain compositions 
are not realized as stable phases. This indeed occurs. It is also 
found that when the normal compounds do not exist, stable 
polycompounds are the rule. We are particularly concerned with 
providing a simple rationalization for the non-existence of nor- 
mal binary compounds which might be expected to be stable 
on the basis of a large difference of electronegativity between 
the two components. 

It is at first sight surprising that so few normal carbides of 
the main group elements are known. These seem to be restricted 
- to SiC, Al,C,, Be2C and, possibly”, Li,C. The other alkali metals 
readily form graphite intercalation compounds (a form of poly- 
compound) and acetylides but not solid M,C. The heavier alka- 
line earth metals form only acetylides. It seems clear that these 
observations may be simply and directly explained as a con- 
sequence of the large number of metal-metal interactions that 
would be imposed by the stoichiometry of the missing com- 
pounds. The non-existence of other compounds such as GeC 
may be ascribed to the same cause. Here we are noncommital 
about the nature of metal-metal ‘interactions’: molecular orbital 
calculations*' on molecules such as Li,C and Li,N show signs 
of a bonding overlap population between the lithium atoms and 
indeed hypervalent molecules such as Li,C are also predicted”? 
to be stable (and here there are clear indications of Li-Li 
bonding). 

In contrast to the carbides, all the alkaline earth metals 
form normal silicides (increasing bond lengths act to mitigate 
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_ have abnormally low stabilities. In the case. 










metal-metal interactions). Silicon and aluminium do not 
but the difference in electronegativity is becoming 
ane Bie ee 
We have already remarked on the relative 
and by inference of the other alkaline earth 
Li, N. It is clear'* that the other alkali metals do 
nitrides, but they all form stable azides. The si 
apparent here in that the rest of the normal alkali 
are well characterized’. cat Ree 
The complementary instability of at least some polycom- _ 
pounds can again be ascribed to the constraints of — 
stoichiometry’; Al(N;); for example, would be very crowded | 
indeed—but now with anions rather than cations. Thi > problem _ 
of the stability of peroxides and azides is closely analogous to- - 
that of the stability of oxysalts—for example, the only stable | 
anhydrous perchlorate are those of the alkali metals and the _ 
alkaline earths other than beryllium”. Wells' has discussed the _ 
stability of such salts from a similar point of view to ours. : es a 







Oxidation states Er 
We have presented quantitative evidence that c 


metal oxides, it is clear that the cation/anion 
decreased (and the stability increased) by increa 
tion state of the cation. Alternatively, a high oxi 
a transition metal could be stabilized by forming at y; 
with a low valence metal, and, indeed, high oxidatior state 
transition metals are readily obtained in ternary alkali-metal 
oxides. Thus although the highest stable oxidation states in the 
binary oxides. are Mn(1v) and Nii), KMnO, [with Mn(vii)] 5 
and Na; NiO, (ref. 24) [with Ni(111)] are known. | _ 














anion/cation ratio. Despite the (frequently correct) assertion 









For example, CrO, is known bu 
power of fluorine is allowed fu 
fluorides with alkali and alka 
heavier ones). Then we find, ‘or éxamp 
Cu(Iv) or Ag(Iv) [contrast M(11) as the highest 
in the binaries] and CsAuF, with Au(v) (ref. 24) 


Conclusions 


We have shown how the constraints of stoichiometry affect both 
the structure and stability of simple inorganic solids. Although 
simple and obvious, our ideas provide a unifying understanding 
of a range of phenomena that have not previousl me 
explained, except perhaps in isolated instances on an ad hoc 
basis. We have adduced only a few more-striking examples to 
illlustrate our thesis. But we have not omitted. any counter- 
examples known to us. | oid ae, 
There have, of course, been numerous previ 








Jus attempts at 
developing useful generalizations concerning the relative stabil- 
ity of inorganic solids. One of the first and most successful was 
that of Ramberg”, who compared the relative stabilities of pairs 
of salts, and deduced that the low-energy assemblages were 
those in which the most highly charged cations were combined 
with the most highly charged anions (that is, Mg, N, + LiCl rather 
than Li, N +MgCl,)—the interpretation of such rules in terms 
of the ideas we have set out here should be clear. 

It should also be clear that we provide a rationalization for 
the observation that the heats of reaction between acidic oxides 
and basic oxides is large, for example, 


whereas that between amphoteric oxi des is small, for exampl è a 
MgO +Al,0;=MgAlLO, AH°==25kJ mol 


However, note that many of the observations that we have made 
are not in accord with the generalizations of the theory of hard 








in common with Ramberg: S treatment. Thus cordate 


such as As. Our discussion shows that the converse is true. 
Another prediction” of the HSAB theory is that to stabilize an 
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the hard bases such as O~. 
HSAB approach, hard acids such as Na should form more stable 
compounds with hard bases such as N than with weak bases 
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nent in a high Saidatioi state it sould be surrounded by 
We have seen that in solid compounds, 
the addition of hard acids such as Na* is, in fact, what is 
required. 
This work was supported by a grant (DMR 81-19061) from 
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Al oh have recently reported several point-like 60-m 
with no obvious visible counterparts. Possible explana- 
as for the nature of these sources include high redshift 
~ galaxies, heavily obscured young stars, evolved stars with cir- 
-cumstellar dust shells, nearby ‘Jupiter-like’ bodies, or some 
fundamentally new type of object. To help establish which of 
the: possibilities is correct, we have obtained deep, near-red 
i images. centred | on the Houck et al. source positions. 


 ccD imaging 

- Houck er al.' “present nine unidentified sources: six near RA 4h, 
and three near RA 17h. On the night of 9-10 December 1983, 
the prime focus charge-coupled device (CCD) camera of the 
_ 4m telescope at Cerro Tololo was used to observe five of the 










: -RA 4h fields. Four-minute T band exposures were obtained for 
each field, and for three of the sources, 5-min R band exposures 
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jee] thiarge-colipled device imaging has been used to identify a number of IRAS (Infrared Akoko | Satellite) blank 
i sources with distant galaxies, and indicates that most high-latitude unidentified IRAS point sources have an extragalactic 
e present sample of galaxies seems to include some with the largest known ratios of IR-to-optical luminosity, 
vith values of LOR)/ L{B) ranging upwards of 200. A redshift obtained for one source, 0422 +009, indicates that this 
! sll ~35 times the absolute IR luminosity of the starburst galaxy M82. 


trom stellar objects in our data. We first discuss each of the six 
RA 4 h sources. 

0358 +223. No CCD data were obtained for this field. However, 
a bright, stellar-like object is visible on the Palomar pease 1a 
Sky Survey (POSS) at the virtual centre of the IRAS error ellipse 
Careful examination of POSS plates stored at Kitt Peak shows 
that the image of this object is ‘soft’, indicative of a distant 
galaxy which we identify with the IR source. The POSS prints 
examined by Houck et al.’ are presumably inadequate for such 
fine discrimination. 

0404 +101. Figure | shows a faint galaxy near the centre of the 
IRAS error ellipse which we identify as the IR source. This 
object is visible just at the red plate limit of the POSS. 
0412+085. We do not identify this source with any obvious 
optical counterpart. A faint galaxy does fall on the edge of the 
error ellipse, but we are hesitant to claim correspondence with 
it. First, because the IR-to-optical luminosity ratio would be 
uncomfortably large, even in comparison with the other great 
values derived later here; and more important, the probability 
of chance superposition for galaxies this faint becomes sig- 
nificant’. Further, re-examination of the IRAS data indicates 
that the source is probably extended, and therefore likely to be 
a hotspot on the IR cirrus (C. A. Beichmann, personal. communi- 
cation) present in this region (see ref. 4). The source has, in fact, 


the lowest signal-to-noise ratio of those reported by. Houck ef — Re 


al.'. If it eventually does prove eee correspondence with > 
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Fig. 1 CCD images of: a, 0404 +101 (R band); b, 0412 +085 (I 

band); c, 0413 +122 (R band); d, 0413 +122 (I band): e, 0422 +009 

(R band); and f, 0425-012 (7 band). IRAS error ellipses from 

Houck et al.' are also shown. The alternative. IRAS position for 

0422 +009 is marked in e. Galaxies are numbered as in Table 1. 
The orientation and scale for all images is identical. 


galaxy number 3 may remain a possibility, although this object 
does fall a long way out of the present error ellipse. 
0413+ 122. A galaxy triplet is located in the IRAS error ellipse. 
We suspect that galaxy number 2, near the centre of the elli pse, 
is the IR source. This object looks obviously disturbed, and the 
slightly distorted shape of galaxy number 3 is suggestive of tidal 
interaction between the two. The asymmetrical appearance of 
galaxy number 2 may be partially due to what looks like either 
a dust lane running along the north-east side of the object, or 
to two galaxies being viewed in close superposition. The triplet 
is again just visible at the POSS red-plate limit. 
0422 +009. Figure le shows that no obvious counterpart is 
present in the original IRAS error ellipse. However, an alterna- 
tive source position obtained from later scans of the area (C. 
A. Beichmann, personal communication) places the IR source 
nearly coincident with a galaxy that appears to be the brightest 
member of a small cluster. Given the odd morphology and rather 
‘dusty’ appearance of this object, we conclude that it is in fact 
the IR source (although there appears to be no a priori reason 
for preferring either of the two source positions marked 
in Fig. le). 
0425-012. The radial profile of the stellar-like object in the 
error ellipse (see also ref. 1) establishes it as a galaxy, which we 
identify with the IR source. The image on the POSS red plate 
is also soft, although less obviously so than for 0358 +223. (We 
have also examined the POSS plates at the positions of the three 
RA 17h sources listed by Houck et al.’, and find that galaxies 
appear to be present in at least two of the error boxes.) 

We now need to assess the probability of chance background 
contamination. For this purpose we use the rp counts of Shanks 
et al.’; over the colour range of interest, r= R magnitudes on 
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Fig. 2 The ratio of luminosity at 80 m to that in the blue is 

plotted against the flux density ratio at 100-60 um. x, Galaxies 

studied here; ©, catalogued and @, uncatalogued galaxies in the 

IRAS mini-survey*. The box encompasses the location of most 

Shapley-Ames galaxies'°. Some selected nearby bright galaxies are 
also individually labelled. 


the Kron—Cousins system, which we use for the photometry. Of 
the five IRAS sources we have identified, three have an estimated 
R = 17.5 mag, while two have an estimated R ~ 19 mag. For the 
typical error ellipse area of ~0.5 arc min’, we find a probability 
of ~0.03 for random coincidence if rp<17.5 mag, which 
becomes ~0.16 for r-< 19 mag. On an individual basis, then, 
the probability of chance background contamination is low: 
but, on the other hand, we can expect to find one interloper 
having r-<19 mag given six total surveyed fields. Hence; one 
of our suggested identifications may be spurious. This question _ 
can be further considered when more accurate IRAS source _ 
positions become available, but we believe that at present the 
source identifications given above are in most (and possibly all) 
cases correct. | i | a aa 
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We conclude that distant aaia probably dominate the 
sample of unidentified point sources presented by Houck et al. , 
‘rather than galactic objects or some previously undiscovered 
type of source. Indeed, we have located galaxian counterparts 
for all five of the (remaining) RA 4 h Houck et al.' point sources. 

Table | shows positions accurate to ~l arcs for the four 
source identifications having new imaging data. These were 
measured from our CCD frames in relation to secondary posi- 
tional standards, whose coordinates were in turn determined 
relative to nearby Smithsonian Astrophysical Observatory (SAO) 
Catalogue stars on the POSS plates. Figure I shows that corre- 
spondence with the Houck et al.’ positions is generally reason- 
-able (the one exception being 0422 +009). In the lower part of 
Table 1, we give positions for other galaxies marked in Fig. 1. 

The four galaxy identifications in Fig. | all seem to be members 
of small clusters, groups, or pairs, and at least two of these 
objects seem morphologically peculiar and may be interacting 
with nearby neighbours. This could be an important clue for 
- understanding the extreme IR properties of these spirals. Inter- 
_ estingly, a high fraction of interacting neighbours was also found 
_ for the “IR galaxies” studied by Soifer et al’. 

Photometry 
-RI | photometry (on the Kron—Cousins system) is presented in 
Table 1 both for the source identifications and for the nearby 
ompanions. The photoelectric standardization again followed 
mmon procedures’. Magnitudes for both the standard stars 
nd program. objects were measured using an aperture photo- 
er program at Dominion Astrophysical Observatory, and the 
mated: photometric accuracy of the data is~0.05 mag. The 
_ galaxy magnitudes quoted were found by first calculating bright- 
< ness within successively larger apertures until either a stable 
- magnitude was reached, or interfering objects were encountered. 
< The latter was a problem only for 0413 +122, and for all but 
the galaxies in this field, the magnitudes in Table | can be 
. considered indicative of total magnitudes. 
The R= I colours of the source identifications, corrected for 
galactic reddening, range from 0.70 to 0.76. (Reddening correc- 
_ tions have been calculated using van de Hulst curve number 15 
interpolated to the effective wavelengths of our filters; and for 
alactic extinction we adopt the colour excesses listed by Houck 
tal) Comparison with the R—I colours of nearby disk 
jaxies i is hampered by the fact that such photometry appears 
yra rely“ , and what does exist must be converted with some 


















































ty from ‘the Johnson to Kron-Cousins system’. 

a Nevertheless, it seems that the R — J colours of our IRAS source 
$ counterparts are completely normal. For example, the transfor- 
-med spiral colours measured by Johnson range from 0.66 to 
- 0.78. The RI colours for the other objects listed in the lower 
_. part of Table 2 also do not appear unusual, except perhaps for 
~ the rather red colour of galaxy number 3 in the 0404 + 101 field. 
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Fig. 3 MMT Reticon spectra of a, 0422 +009 and b, 0425 — 012., 


The flux scale is linear. The spectrum in b has not been plotted 
iongward of 7,000 A, where it is severely. degraded by noise. 
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The R—J colour primarily measures: the old giant population 
common to all galaxies, and apparently has little sensitivity to 
other galaxian components. In particular, Johnsons R-II 
colour of 0.66 for the proto-typical starburst. galaxy M82 falls 
within the range of colours covered both by his. spirals and 
ellipticals. (Note also the k-correction for R — I remains <0.05 
mag for z <0.2; M. Lebofsky, personal communication.) Hence, 
the RI colours provide little insight into the physical nature of 
the IR sources. 

With the present data we can, however, estimate the ratio of 
luminous output at 80 um to that in the blue for comparison 
with the similar quantity calculated by de Jong et al.'° for 
Shapley—Ames galaxies and by Soifer et al’ for IR galaxies from 
the IRAS mini-survey. For this, we need to make three correc- 
tions: one for galactic extinction, one for internal absorption, 
and one for conversion from R to B magnitudes. It is probably 
the second of these which introduces the greatest uncertainty 


into the results. The first correction has already been mentioned. re 
a value 


For the third correction we adopt B— R= 1.3 mag, a 
appropriate to face-on spirals in the catalogue of Bothun et al. Ne 
(For 0425-012 we additionally assumed an R~-I value ofe 
0.9 mag.) 

The correction for internal absorption (A) is more problem-. 











atic. Given the limited and exotic nature of our data, application 
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Table 1 Coordinates, colours and fluxes of candidate IRAS galaxies and field galaxies 
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Aperture Estimated (vF, (VF, Jeo 
Name RA (1950) Dec (1950) m; (R-II) diameter (s) Mp, Feo (Jy) (OF, )p 
10404 + 101G1 04 h 04 min 44.85 s 10°11 S72" 18.20 0.96 14.4 19.58 2.38 209 
(0413 +#122G2 04 13 47.30 12 17 38.2 18.27 0.90 13.2 19.59 2.80 251 
10422 +009GI 04:22: 55.87 00 56 18.2 16.69 0.80 16.8 -18.27 1.84 49 
10425 ~ 012G1 04 25 11.36 ~O1l 14 39.1 16.47 -= 16.8 18.23 1.38 35 
-Other galaxies Eeg 
<7 J0404+101G2 04 04 46.06 10 11 37.7 19.47 0.82 9.6 
+101 04 04 40.85 10 11 30.8 17.10 1.22 16.8 
04 12 33.56 | 08 31 22.5 19.84 = 12.0 
04 12 33.56 08 31 35.2 19.14 — 13.6 
04 12 32.93 O08 31 44.9 17,74 — 13.6 
a 041 : 04 13 47.59 12 17 47.4 18.30 0,98 10.8 
oe 10413 + 122G3 04 13 47.22 12 17 33.0 18.60 0.91 9.6 
= o 10422 +009G2 04 22 53.42 00 56 39.3 17.95 0.96 16.8 
Se 10425 —012G2 04 25 12.65 0] 13 44.5 17.33 —_ 12.0 
oo 10425 —012G3 04 25 14.72 ~O1 14 53.2 17.94 — 13.2 
10425 — ~012G4 04 25 14.13 ~Ol 15 25.5 E 12.0 
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any of tie stindard absorption prescriptions seems difficult. 
We have instead chosen to adopt Ap = 0.3 mag (or Ag=0.5 
mag). This value is typical for the ‘average’ inclined spiral, if 
_ we attribute the difference in the mean spiral B— R colour of 
4. 1-5 mag from the face-on spiral colour of 1.3 mag in the catalogue 
of Bothun et al.’ as arising from internal reddening. The result- 
ing implied colour excess E(R ~ I) ~ 0.1 mag is not inconsistent 
with our measured colours, but we stress that because the 
galaxies studied here may be quite optically thick in dust, any 
adopted correction must be viewed with caution. 

Our estimated corrected B magnitudes for the IRAS source 
identifications are given in Table 1, together with the (interpo- 
lated) 80-4m fluxes from Houck ef al’, and the resulting 
L(80 pm)/ L(B) ratios. The last cover a range of extraordinarily 
large values, from 35 to 251. We consider the value of 251 for 
0413 +122 an upper limit, though, because both the magnitude 
listed for the object is a probable underestimate of the total 
magnitude, and also because the other two galaxies within the 
IRAS beam may contribute significantly to the IR flux. Even if 
the flux is equally shared, though, a still i impressive lower limit 
of L(80 4m)/L(B)~ 80 would hold for the triplet system. Figure 
2 shows the IR-to-blue luminosity ratio plotted against the ratio 
of flux density at 100-60 um for the galaxies studied here and 
for those from Soifer et al.” and de Jong et al.'°. As can be seen, 
only one object from these other surveys falls within the high 
range of [R-to-blue luminosity ratio encompassed by the present 
sample. [Comparison with and between the de Jong et al? and 
Soifer et al.” results is a little confused by the differing precepts 
these authors adopt for galactic reddening and internal absorp- 
tion corrections. For example, applying the procedures of Soifer 
etal.” to M31 yields for this spiral log [L(80 pm)/ L( B)] = —1.09, 
a value more in line with other low IR emitting galaxies (see 


Fig. 2).] 
Spectroscopy 


Recently, we have obtained spectra for two of the identified 
sources, 0422 +009 and 0425-012, using the Multiple Mirror 
Telescope (MMT) and the ‘big blue’ photon counting Reticon 
system. Our flat-fielded, sky-subtracted, and flux-calibrated 
results are presented in Fig. 3. Both objects were observed on 
two nights (29-30 and 30-31 January 1984) for a combined 
integration time of 40 min for 0422 +009 and 30 min for 0425 — 
012. The 1 x3 arcs slit used yielded an instrumental resolution 
of 5 A, although the spectra plotted in Fig. 3 have been smoothed 
to ~20A resolution. 

Two emission lines are visible in the spectrum of 0422 +009, 
which we identify with [O 11] A3,727 and Ha. These yield a 
redshift Z =0.1544+ 0.0005. For a Hubble constant H,= 
80 km s`' Mpc™', we obtain an estimated absolute blue magni- 
tude of My, = =30. 5, a value sufficiently bright to suggest that 
the large IR-to-blue luminosity ratio primarily reflects excess IR 
emission, and not simply great dimming of starlight by dust. At 
our original instrumental resolution, the [O 11] line is unresolved. 
However, we do appear to resolve Ha, and obtain a formal 
FWHM value of ~600 kms" ', but the uncertainty in this result 
is large due to the poor signal- to-noise ratio. Perhaps surpris- 
ingly, no obvious emission features are present in the spectrum 
of 0425 — 012; nor is the signal-to-noise ratio adequate to show 
believable absorption features. 

Our spectrum of 0422 +009 has other notable attributes. First, 
it does not fit easily into any of the various empirical classifica- 
tion schemes that have been developed for extragalactic line 
emission regions >". In particular, the weakness and/or absence 
of both H8 and [O 11] A5,007 is atypical of giant H H region 
spectra. Nor is there much evidence for the presence of [N 1] 
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ellipticals’*. However, an. i 
spectrum involves the large 
43,727 (50 A) and Ha (90 
line- -emitting region is confit 
a conservative correction for ba: 
yield equivalent widths comparable wit 
nearby Seyferts. Clearly, long-slit spectra of high signal-to = 
ratio would help to clarify the nature of the ex aeaa ee 
ism involved. ee ee 


Powering the IR emission 


The IRAS sources identified here seem to be extreme examples a 
of the IR galaxies discussed by Soifer et al.”. We now briefly 
consider what underlying physical process powers the enormous _ 
IR output of these systems. ee 
One Po involves star + formation bursts  etsbroudod by we 




















(at ae in some T provide the triggering. meck iSt 
the outbursts. Further evidence for a thermal rather than 
thermal origin for the IR emission comes from recent 1.5 
Very Large Array (VLA) observations by R. Elston (person 
communication), who observed but could not detect (wi 
0.6 mJy 3-o upper limit) three IR galaxies from Soifer et 
having L(80 pm)/ L( B) ~ 20. | 

Rieke et al. have presented a detailed Haine model fot 
M82, and scaling their results up to match the properties of 
IRAS source 0422 +009 discussed above leads to some intere 
ing consequences. First, the absolute IR luminosity of 0422+009 
is ~35 times that of M82, and to produce such a flux from 
formation, roughly 10% of the stellar mass in 0422 +009% mu 
participate in the burst. In such a case, however, non-th 
supernova remnant emission ought to be. detect ble. i 
radio’, Furthermore, the implied star formation rate in 04 
009 would be 100 Mo oyr. Our measured Ha fi : 
10” erg cm™ s™', crudely estimated by normalizing the co 
tinuum flux in Fig. 3a to our R-band CCD photometry, is 
inconsistent with such a high rate though. In fact, adopting the 
Ha flux calibration of Kennicutt’ yields an estimated lower 
limit to the star formation rate of ~15 Mo yr™', and correcting 
this value upwards for a reasonable 2-3 mag of internal abso 
tion would produce the requisite rate. 

One alternative power source might be an embedded active i 
galaxy nucleus, such as a Seyfert nucleus, as proposed by 
Antonucci and Olszewski’. Our data provide little constrainton 
this possibility. However, future spectroscopic and radio 
observations of robust IR galaxies such as those discussed: here 
should be able to distinguish between the starburst and active 
nuclei models. 

We have benefitted from conversations with several people, 
including C. Beichman, R. Elston, F. Low, G. Neugebauer, H. 
Spinrad, M. Phillips, G. Bothun and R. Antonucci. We also 
thank K. Cook for assistance with the data reduction. This work 
was partially supported by NSF grant AST 81-17365. Research 
reported here used the MMT Observatory, a facility operated. . 
jointly by the University of Arizona and the Smithsonian Institu- 
tion. M.A. and E.W.O. are visiting astronomers at Cerro Tololo | 
Interamerican Observatory, operated by AURA, Inc., ‘under z 
contract with the NSF. 
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= The complete 1,210-amino acid sequence of the human epidermal growth factor (EGF) receptor precursor, deduced from 
-cDNA clones derived from placental and A431 carcinoma cells, reveals close similarity between the entire predicted v-erb-B 
_ mRNA oncogene product and the receptor transmembrane and cytoplasmic domains. A single transmembrane region of 23 
- amino acids separates the extracellular EGF binding and cytoplasmic domains. The receptor gene is amplified and apparently 








-rearranged in A431 cells, generating a truncated 2.8-kilobase mRNA which encodes only the extracellular EGF binding 


- domain. 





_EPIDERMAL growth factor (EGF), a potent mitogenic polypep- 
. tide, initiates cellular responses by binding to specific receptors 
on the surface of target cells (for reviews see refs 1, 2). Like 
‘several other growth factors, the binding of EGF to its cell 
surface receptor triggers a cascade of intracellular events, includ- 
‘ing induction of a tyrosine kinase activity intrinsic to the EGF 
receptor". Shortly after binding, the EGF-receptor complexes 
_ are localized in clathrin-coated regions of the plasma membrane 
and are then internalized by the cell.” 

How these events lead to the stimulation of DNA synthesis 
-and cellular proliferation are unknown. The recent observation 
~ that the receptors for platelet-derived growth factor (PDG F)*?, 









-insulin and insulin-like growth factor (IGF-1)'*, are also 


- tyrosine-specific protein kinases suggested that tyrosine phos- 
_ phorylation might be an important early step in triggering pro- 
- liferation. The tyrosine-specific protein kinase activity of several 
-retroviral transforming proteins (reviewed in ref. 13) has led 
-many workers to search for a connection between growth factor 
-receptors and transforming proteins. In their analysis of partial 
-protein sequences, Downward er al. '4 demonstrated close simi- 
~ larity between the EGF receptor and the avian erythroblastosis 
~ virus (AEV) v-erb-B transforming protein'*; evidence was pre- 
sented suggesting that the viral transforming protein contained 
_-only the transmembrane and tyrosine kinase domains of the 
avian EGF receptor, and lacked most of the extracellular domain 
-responsible for EGF binding. It was proposed that transforma- 
< tion of cells by AEV was the result, at least in part, of expression 
of a truncated EGF receptor molecule lacking the extracellular 
: control domain. — eae feat foe 
We have now investigated EGF receptor expression in pla- 
tal and A431 carcinoma cells’®. A431 cells were chosen 
“because they show two unusual features. First, they possess 
about 10-50 times more EGF receptors on their surface than 
- most other cell types'®'’. These high EGF receptor levels seem 
-to be associated with the presence of a chromosomal transloca- 












ogenic response to EGF does not correlate with their 
reased EGF binding capacity. Thus while low concentrations 


on (M4) involving chromosome seven'*. Second, their 
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of EGF stimulate their proliferation, EGF concentrations 
mitogenic for many cell lines inhibit proliferation of A431 
cells'??°. It was therefore of great interest to investigate the 
genetic basis for the unusual features of this tumour cell line. 

The complete amino acid sequence derived from human EGF 
receptor cDNAs from placental and A431 cells confirms the 
findings of Downward et al.'*, and matches partial amino acid 
sequences obtained from purified placental and A431 cell EGF 
receptor protein. Our findings also demonstrate that the EGF 
receptor gene is amplified in A431 cells. Furthermore, we 
describe the detection of an aberrant A431-specific chimaeric 
mRNA molecule which consists of a fragment of EGF receptor 
coding sequences recombined with sequences of unknown origin 
and function. This aberrant mRNA encodes only the external 
EGF binding domain of the receptor and lacks sequences which 
would encode the transmembrane and cytoplasmic domains. 
Expression of a truncated domain similar to the erb-B. polypep- 
tide found in AEV transformed cells'* was not detected but its 
existence at low concentrations cannot be excluded. 


Partial amino acid sequence 

Receptor purified by immunoaffinity chromatography followed 
by gel permeation HPLC in guanidine after reduction and 
alkylation to cleave disulphide bonds was digested with trypsin 
and the peptides fractionated by preparative reverse-phase 
HPLC"*. The purification and partial sequence analysis data of 
these peptides are shown in Fig. 1. The amino-terminal sequence 
of the intact receptor was deduced for a short stretch of 8 residues 
(see Fig. 1v). These partial amino acid sequences were found to 
be identical (apart from 2 residues) to those subsequently estab- 
lished by nucleotide sequencing of cDNA. 


EGF receptor cDNA clones 

Oligo(dT)-primed cDNA libraries were prepared from mRNAs 
derived from human placental tissue and epidermoid carcinoma 
(A431) cells using the Agt10 vector system*'. As analysis of EGF | 


receptor biosynthesis in A431 cells had suggested a polypeptide ie - 
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- peptide sequence analysis. 
© ‘a-h, Purification of pep- 
tides from the EGF recep- 
tor for sequence analysis. 
EGF receptor was purified 
from human placenta (a, 
b) or A431 human epider- 
moid carcinoma cells (c- 
h) using monoclonal anti- 
body RI (ref. 42); it was 
then fully reduced and 
alkylated, run on a gel per- o | 
meation column, digested & — 
with trypsin and the © 
resulting peptides frac- 
tionated by reverse-phase 
HPLC at pH 2.0, as 
described _—_ previously’. 
Fractions corresponding 
to optical density peaks in 
the first reverse-phase 
separation were further 
purified by reverse-phase 
HPLC on a Synchropak 
RPP. Cig column (4.6 x 
75mm; Synchrom, Lin- 
den, Indiana) equilibrated 
in 10mM ammonium 
acetate buffer, pH 6.5. A 
linear gradient of 0-45% 
acetonitrile over 45 min 
was used to elute peptides, 
flow rate 1 mi min”. 
The absorbance of the 
eluate was monitored at 
206 nm and 0.5 mi frac- 
tions were collected. The 
_ figure shows the resulting 
=.. chromatograms when the 
following fractions from 
=> othe pH 2.0 fractionation 
-  were-run: a, tryptic pep- 
tides from the placental 
EGF receptor eluting at 
19% acetonitrile; b, pla- 
cental peptides eluting at 
22% acetonitrile; c, tryptic 
peptides from the A431 
cell EGF receptor eluting 
at 21% acetonitrile; d—h, 
A431 peptides eluting at 
18, 24, 26, 28 and 22% 
acetonitrile, respectively. 
i~v, Sequence analysis 
of peptides from the 
EGF receptor. Sequence 
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Yield of PTH-amino acid (pmol) 


determination was carried out as described’. The figure shows the yield of PTH derivatives f at a t each cycle 
degradation for the peptides: i, PTER.2; } PTER.3: k, EGRT.3 (for which the full purification has been described elsewhere’ 


Acetonitrile concentration (%) 


EGRT.13 








Residue no. 





he Edman 


f amino acids at. each me Edm e 
EGRT.5; 


m, EGRT.6; n, EGRT.7; o, EGRT.8; p, EGRT.11; g, EGRT.12; r, EGRT.13; s EGRT.14; t, EGRT.15; u, EGRT.16. v, The ami o-terminal 
sequence for the whole EGF receptor molecule from A431 cells. The protein was treated with 0,05% SDS before sequencing. The seventh 
residue could not be assigned. %, The sixth residue of EGRT.7 was assigned from amino acid analysis of the peptide; the absence of 


asparagine-PTH at this sequencer cycle suggests that the residue is glycosylated. 


backbone of molecular weight (MW) ~ 138,000 (ref. 22), at least 

3,500 base pairs (bp) of coding sequence would be required, 

thus a sizing step was introduced to enrich for cDNA molecules 

greater than 2,000 bp long. For screening purposes a 51 bp-long 

DNA hybridization probe (Fig. 2a) was designed and synthe- 
* sized” on the basis of a preliminary partial amino acid sequence 
of an A431 EGF receptor cyanogen bromide (CNBr) peptide 
(EGRC.1)"*. Previous studies have shown that the use of a single 
long probe for clone screening under conditions of low strin- 
gency is often superior to the more commonly used technique 
which involves screening with pools of short oligonucleotide 
probes? o 

Initial screening of the placental cDNA library (2 x 10° clones) 








yielded seven distinct positive clones as judged by EcoRI restric- 
tion endonuclease mapping and Southern hybridization?” with 
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MetGlyGlyValValAspAlaAspGluTyrLeul leProGinGIinGlyPhe 


* * * * * 
5 '-ATGGGCGGCGTGGTGGACGCCGACGAGTACCTGATCCCCCAGCAGGGCTIC-3° 


3'~TACCCGCCGCACCACCTGCGGCTGCTCATGGACTAGGGGGTCGTCCOGAAG-S ' 
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J GTGCETGAATACATAAACCAGTCCGT IECCAAAAGGCECGCTOGCTCTGTGCAGAATCCTGTCTATCACAATCAGCCTCTEANCCCCECGLCERSCASAGACCCACAL TACCAGGACCCCCACAGCACTECAGTEGGCAACCCCGAGTAT 
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i GCCRCEETECGCCEGAGTCCCGAGCTAGCCOCEGCECCECCECEECCCAGACCGBACGACAGGCCACCTCGTCGGCETCCECCCEAGTCCCLGCE TCGCCGCCAACECCACAACCACCELGCACGGECCECTGACTECGTCCAGTATIGA 


-FA -20 -ł0 i 16 
MetArgProSerG lyThra laG yA lad laleuleus laleuleus Tas lal eulysProd laSerArgh taleus tus lul yst ys¥alCys6 inGlyThrSerdsnl ysleu 
TCEGGAGAGCCGRAGCGAGCTET TEGREGAGCAGCOATECGACCC TC CEGGACGGCCGROSCAGCEL TCE TRAGER TGC TEGC TGCGCTCTECCCGEGAGTCGBGC TC TEEAGGRAAAGAARS FTTOCCAAGREACGAGTARCAAGCTC 


26 30 4g §0 
ThrG Int euG lyThrPhes luAsp isPhel euSert eut InArgMet PheAsnAsnt ys6 tuval Va tLeuGl yAsnteuGlul lethrTyrValGindrgAsnT yrAspteuserPhel eul ys Thr! TaG InGluva lal aGlyTyr 
ACGCAGTTGGGLACTTTTGAAGATCATTT ICTCAGCCTCCAGAGGATGTT CAATAAC TE TGAGG TEGTCC TIGGGAATT TGGAAATTACCTATGTGCAGAGGABTTATGATCTT TCC TTC TT AAAGACCATCCAGGAGGT GEC TGS TT AT 
ia j j * 


0 i 80 l . © 100 aoe “I 110 
¥alieul feAlaLeudsnThe¥s 16 turg] tefroleuG juAsaLeu6 ini lel teArgG lyAsnMetTyrTyröluAsnSerTyrAlaLeuă ta¥a] LeuSerAsnT yrAspa laAsnl ys Thr6lyleul ysG tuLeufroMetáry 
GTCCTEATTECCCTCAACACAGTEGAGCGAATCCTTTGGAAAACCTGCAGATCATCAGAGGBAATATGTACTACEAAAATTCCTATECCTTAGCABTETTATTAACTATGRTSCAMATAMMACESSASTSMASSASSISSSASSS 
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‘Agi euG Ind hal TeLeuttisG yA laValArgPheserdsntsnProd laleuCysAsnv¥s GtuserlleslntrpArgise! le¥al SerSerAspPhel. euSerksnmetsermetAspPhes | nAsnd isleuG tySerlysGin 
AAT TACAGAAATECTECATGOOCRTECGGTTCACAACANEEC TCC TETECAACGGASAGEATCCASTORRREACATASAOAGTGAL TC FASC MMGATENCGATSGATTEFAGAACASSTRSOASEISS® 


170 , 180 196 206 219 
LysCysAspProserCysPr ang | ySerLys irp tyA1aG Ly 1uG luAsnC ysG Ini ysLeuTori ys! te! leCysA 1aG InG InCysSer6 lyAraC ysArgG} yLysSerProSerAspCysCysii sAsné inCysAlaAla 
GORE TGCAGEAGAGGAGAACTGCCAGAARCTGACCAAAATCATCTGTGCCCAGCAGTGC TCCGGECGC TGCCGTGGLAAG TCCCCCAG TGACTGC TGCCACAACCAG TGTECTECA 


220 a 230 240 250 260 
GiylysThrGlyProAras TuSerAspCyslau¥alCysArgt ysPheArgispG tul athrCysLysAspThrCysRroProleuMetleuTyrAsnbrothr Thr TyrG Inmet Asp¥a lAsnProb }uG hy ystyrSerPhegl y 
GGLTGCACAGGECOOCGRGRGAGCGACTOCCTOS TE. TECCOCRAATTCCGAGACGAAGCCALG TGCAAGGACACCTGCCCCCCACTCATECTCTACAACCCCACCACGTACCAGATGGATGTGAACCCCGAGGGCAAATACAGE TTTGBT 
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AlaThrCys¥alLysiysCysProArgAsnTyrValVal ThrAspHisGlySerCys¥alArgA laCys6lyA 1aAspSerTyrG luMetGtuGtuAspG) yvalArgLysCysi ysl ysCysGluGl yProCysArgt ysValCysAsn 
TeOeTGARGARGTSTCCCCGTAAT TATGTGGTGACAGATCACGGC TCGTGLGTCCGAGCCTGTGSEGCCBACAGC TATGAGATGGAGGAAGACGGCG TCCGCARG TE TAAGAAG TECGAAGGGCC TTGCCGCAAABIGTGTAAC 


320 340 350 360 
Glyl teGly] leGlyG luPhel ysAspSerLeuser H EnA sni teLysHi Pret yshsneys ThrSer | leSerGlyAspt cutis! lel euProva lA 1 aPhearat lyAspSerPheThriti gTheProProleutso 
SGAATAGGTATIGOTGAAT TTAAAGACTCACTCTCCATARA TOR O UAN gy.” TTCARAAACTGCACCTOCATCAGTGGCGATCTCCACATCCTGCOGGTGGCATTTAGEGGTEAL TECTICACACATACTCCTCCTE TGGAT 
Jpeeeenmtesemeentetnanamrertssnnnnmtnnsanrammemni freemen 
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ProGinGiutevAsp! let eul ysThrValt ysGlul leThré lyPhel euLeul leG InAlaTrpProg! SnArg FAspLeuttsAlaPhes luAsnieuG lut lel leArgSlyArgThri ysG int 1sG1yG inPheSertew 
eAlerts aaa MAAN 
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Alav¥ai¥alSerleudsni te ZserLeuţlyLeuArgSerteuL ysGlul leSerAspGl yAsp¥at I Jet leSerGtyAsnkysAsnLeuCysTyrA laAsnThr I leAsnTrpl ysl ysl euPheGlyThe Ser6 tya tni ye tne 

Mone Acct TGAACATAACATCCTIGGGATTACGCTCCC TCANGGAGATAAGTGATGGAGATGTGATAATT TCAGGAAACAAAAATT TGTGCTATGCARATACAATAAAC TGGRAAAAAC TTT TGGGACCTCCGGTCAGAAAALC 
mean | 


470 480 500 510 . 
Lys lel leSerdsnArgGlyGluAsnSerCyst ysA laThré lyG Ina ICyst isA lal euCysSerProgluGlyCys Tepe lyProg luProArgAspCysValSerCysArghsnva ser ArgG I yArgGlulys¥a tAspL ys 
Lee A TARECAACAGAEGTGAAAACAGCTOCAAGGCCACAGGCCAGGTCTGCCATECCTTATGCTCCCCCEAGGGC TEC TEGGGCCCOGABCCCAGGGAC TGCSTC TC TTGCCGGAATS TCABC CEAGGCAGGGAATECGTGBACAAG 
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Meo TOGAGGGY GAGCCAAGRGAGTTTGTGGAGAACTC TGAGTGCATACAGTGCCACCCAGAGTECCTECCTCAGGCCATGAACATCACC TECACAGGACGEGGACCAGACAAC TGTATCCAGTETOCCCACTACATTGACBGE 
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COLCA TECGTCAAEACC TSECCGGCAGGAGTCATGGGAGAAAACAACACCC TGBTCTGAAGTACGCAGACGCCGGCCATGTGTGCCACC TSTOCCATCCAAACTECACE TACGGATGCACTGGOCCAGSTCTTGAAGSCTSTCCAACS 
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WAYGEGCCTAAGATCCOGTCCATCOCCALTGGGA 
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- AsnGiyfroLysileProšeritektaThre tyMetya liy TaLeuLeul euLeul euVal¥alAlaLeuGlyl tei ylLeuPheMetArgArgArgiis! le¥alArgl ysAraThri eudrgArgl eut euG int] vArgG tule 
TEGTEGSGGCECT: AGGAGAGGGAGCTT 


COTCTIGLTECTGG TOG TGGCCCTGGGGATCGGCCT CTICATGCGAAGGCGCCACATCGT TCGGAAGC EX ALEC TECEGABOL TGC TEE: 
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G TGEAGCCTCTTACACCCAGTEGAGAAGLTCECAACCAASCTCTCTTGAGGATCT TGAAGGARAL TGRATTCAAAAAGATCAAAGYGC TGGGC TCCGGTGCETTCGSCACGETSTATAAGGSACTCTGGATCCCASAAGSIGAGAAASTT 
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Pee OC TATCAXGGAATTAAGAGAAGCAACATCTCUGAARGCCAACAAGGAAATCC TCGATGAAGCC TACGTGATGGCCAGCGTGGACAACCCCCACGTGTECEGCC TBC TEGECATC FECC TCACCTCCACCETGCAACTE 
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 ACOCAGLTCATGCCCTTCGGCTECLTCC TGGACTATGTCCGGGAACACAAAGACAATAT TSGCTCCCAGTACCTGCTCAAC TGGTGTGTGCAGATCGCAAAGGGCA TGAAC TAC TTGGAGGACCGTCGCTTGETECACCECEALCTS 
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TETACCATCOGATBICTACATGATCATOGICAAGT! ECTGRATGATAGACECAGATAGTICGCECAAAGT TCOGTGAGTIGATC ATCGAATICTCOAAAATSSCCCGAGACCCOCAGLSCTACCT TOT CATTCAGEGGGATGAAAGAATECAT 
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LeuProSerProThraéspierAsnPhel yrArga Jal euMetAspG luG TuAspMetAspAsp¥s IVa lspa jasp luTyrleul lePred InGInG] yPhePheSerSerProser Thr SerArgthrPrat eul euSer Seri ev 


I TEeCAAGTCCTACASACTCLAACT TCTACCGTGCCCTGATGGATGAAGAAGAGATGGADGACGTGGTGGATECCEACEAGTACCTCATCCCACAGCAGGGL TTCTTCAGCABCCCC TCCACGTCACGGACTCCCCTCCTEASCTCTCTS 
E TEN 1030 1050 1066 . 
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; SCAACCAGCAACAATTCCACCGTGGCTTGCATTGATAGAAATEGECTOCAANGC TETCCCATCRAGGAAGAC AGLTTC TTGCAGCGATACASE TCAGACCCCACAGGEGCCTTGACTGAGGACAGCATAGACGACACE TEC TECTA 
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CCAGAABGGCAGCCACCARATTAGCC TGGACAACCCTGAC TACCAGCAGGAL TTC TT TCCCAAGGAAGLCAAGCCAAATOGCATC FTTAAG 


neat, De ee, | eee ae 
eee (oudsnTarvalGInProThrCys¥alAsnoer frePhedspSerProd latisTepA la ini ys6l ySertisGlnl teSert euAspAsnProAspTyrGinG inAspPhePheProl ysGluAlalysProAsnt ty! tePhet ys 
o. ORORACALTETCCAGCECACE TGTGTCAACABCACATTCGACAGCCE FECCCACT 
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-o o. GYySer PrAlaGl uAsns taG let yrLaudrg¥alAlaProg lnSerSer6 luPhel 166 yA Tab ad 


GECTECACAGCTGAAAR TEC AGAATACC TAAGGG TCGCECTACAAAGCAGT GAATTTATTOGAGCAT COACGGASGATAGTATGAGCCCTARAAATCEAGACTCITTTCGATACCCAGGACTAAGCCACAGCAGG TCCTCCATEOCAAL 


AGCCATGECCOCATTAGCTCTTAGACCCACAGACTGGTTTTGCAACGTTTACACCGACTASCCAGGARGTACTTCCACCTCGGGCACATT TTGGGAAGTTGCATTCCTTTETCTICAAAC TGTGAAGCA TT TAEA AA SEAT EASES 
Aa ETAT TTCL TT TEAGCAGAAATTTATCTY TCAAAGAGGTATAT 1 TGAAAAAAARAAAAAAAG TATATSTGAGGATITTTATTGAT TGGGGATCTTGGAGTTTTTCATISTCGCTATTGATTITTACTI CART OGS TE TECARGAR 
SAAGA At AGCACAAGECACAAGTCTTCCAGAGGATSC TTGATICCAGTGGT TC TGCTTCARGGCT TCLAC TGCAAAACAC TAARGATCCARGAR 
GEECT TLAYEGECCCAGCAGGCCOGATCGGTACTGTATCARGT CATGGCAGGTACAGTAGGATAAGCCACTCTGTCCCTTECTSGGC GARACEGAGOSGATGAATYCT TCCTTAGALT TACTTT TETARAAATOTCLCCACGBT 
Mar ACTCCEEACTGATEGACCAGTGGTTTCCAGTCATEAGCGTTAGACTGACT ISTTIGICTICCATICCATTGTT TTGAAACTCAGTATGCCGCCCC TGTCTTGCTGTCATGARATCAGCAAGAGAGEAT GETACA TERRA TAO 
M ULATTECASCELACATTGGATICATCAGCAT FTSGACCAATAGCCCACAGC TGAGAATGTGGAATACC TAAGGATAACAGCGCTTT TGTTCTCECARAAACGTATCTCCT AAT TGAGGC TCAGATSAAATACATCAGSTCE Ta TTT 
BCATAGATCAGAAGACTACAARAATGAAGCTGCTCTGAAATCTCCTTTAGCCATCACCCCAACCCCCCAAAT TAGTT TGTGT TACTTATGGAAGATAGTTTICTCCTTTTACT TCACT ICAAAAGCT TIT TAC TCAA AARAA TOTE 
ee EABGTCABETECCECEAAACCCCCTCCTTACGCTT TCTCACACAAAAAGTGTCTC TOCCTIGAGICATCTATTCARGCACTTACAGE TCTGGCCACAACAGGRCATTT TACKGG TOC GAATAACAGTAGCAT TAAGAATECLE TS 


Coo ae eae SATRARACTAGGGTTIGAAATTGATAATGCTTTCACAACATTYGCAGATGTTT TAGAAGGAAAAAAGTICCTTCCTARAATARTTTCTCTACAATTGGAAGAT IGGAAGATTCAGCTAGT TAGGAGCCCATTT TD 


ABGAAGAAGLT TSE TOG TASCACT TGC TALC TGAGT TCATCCAGGLCCAAC TS TGAGCAAGEAGLAL. 


FEGTAATCTGTATGTOCCE TOTAACCTGACTIGT TAACAGCAGYCCTTIGTAAACAGTGI TITAAACTCTCCTAGTCAATATCCACECCATCCAAT TTATCAAGGAAGAAATGGT ILAGAAAATATI FTCANCETACAGTTATOT ICAST 


CATACACACATACABARTGTICCTITTGCTTTTAAAGTAATTTT TGACTECCAGATCAGTEAGAGCCCC TACABCATTGTTANGAAAGTATTTGATITTIGIC TCARTGAAAATAAAACTATATTCATTTCS poly 
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Fig. 2 EGF receptor cDNA. nucleotide ~ 
sequence and predicted amino acid 
sequence. a, The nucleotide sequence of 
probes based on the amino acid sequence 
of a CNBr peptide of A431 EGF receptor. 
The initial amino acid residue was 
assumed to be methionine since the pep- 
tide was generated by cyanogen bromide 
cleavage’”. The DNA sequence was desig- 
ned on the basis of published codon usage 
f requencies’ . Two overlapping 30 
residue-long oligonucleotides (under- 
lined) from coding and non-coding 
strands were chemically synthesized”’. b, 
Schematic representation of human EGF 
receptor ¢DNA clones. Overlapping 
clones from placenta {(“P"} and A431 
(‘A’) epidermoid carcinoma cells used in 
sequence determination and a schematic 
diagram of the complete cDNA structure. 
Untranslated sequences are represented 
by a line, coding sequences are boxed: The 
white portion represents sequences which 
encode the signal peptide; hatched regions 
code for the mature receptor, dark hatched 
regions are high in cysteine residues (see 
text). The black region demarcates the 
coding region for the putative transmem- 
brane domain. Black boxes on the 3’ ends 
of A clones indicate that these clones were 
obtained by specific priming (complemen- 
tary sequence at positions 757-780). c, 
Nucleotide and predicted amino acid 
sequence of EGF receptor. Nucleotides 
are numbered at the right; amino acids are 
numbered throughout. Peptide sequences 
derived from purified receptor prepar- 
ations are underlined and labelled accord- 
ing to Fig. Hi-u). The peptide underlined 
with a broken line was that used to design 
a long synthetic DNA probe (see Fig. 2a). 
Sites of potential asparagine-linked gly- 
cosylation are overlined; the putative 
transmembrane region is demarcated by a 
black bar. The AATAAA box close to the 
polyadenylated 3’ end of the mRNA is 
underlined. . 
Methods: a, The probe was radiolabelled 
by first phosphorylating the synthetic 30- 
mers using T4 polynucleotide kinase (PL 
Biochemicals) and [y- P]ATP (Amer- 
sham, >5,000 Ci mmol) followed by 
annealing the kinased single strands. and 
filling in the complementary sequences 
using Escherichia coli DNA polymerase | 
(Klenow fragment) with [a-**PIICTP and 
{a-**P]dATP (Amersham) yielding 
probes of 5x10°c.p.m. per pg specific 
activity. Hybridization was carried out in 
conditions published elsewhere”*. Filters 
were washed at 45°C with 0.2 x SSC, 0.1% 
SDS. Asterisks denote nucleotides of the 
synthetic probe which did not match the 
sequence of the isolated clone. b, Cyto- 
plasmic mRNA from total human term 
placental tissue and A431 cells were iso- 
lated in the presence of RNase inhibitors 
following standard protocols”. cDNA 
synthesis”, cloning into a A vector 
{Agtl0)"', and plaque screening” were 
carried out according to published pro- 
cedures. c, Nucleotide sequence analysis 
was carried out by subcloning suitable 
restriction fragments from our recom- 
binant A clones into. M13-based cloning 
vector (Mi3mpl0 and Mi3mp11*") fol- 
lowed by primed DNA synthesis on single- 
stranded DNA templates in the presence 
of dideoxynucleoside triphosphates”. 
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Fig. 3 Comparison of EGF receptor with v-erb-B predicted amino 
acid sequences. Only non-matching amino acids are shown for 
v-erb-B. The bracket on the first line indicates the start of the 
v-erb-B sequence‘? . The putative transmembrane region is boxed; 

the arrow demarcates the autophosphorylated tyrosine residue in 
pp60" (ref. 61). Asterisks indicate residues conserved between the 

_ receptor sequence and several members of the src gene family (src, 
fes, yes, fps). Hyphens (gaps) have been introduced for optimal 
alignment. The C-terminal tetrapeptide of the v-erb-B sequence 

derived from the AEV env gene is underlined", 


complete sequence of the 2.3-kb cDNA clone A HER-P3 with the 
nucleotide sequence of the oncogene v-erb-B'’ showed that it 
coded for 243 carboxy-terminal amino acids of the receptor 
followed by a termination codon and about 1,600 bp of presum- 
ably 3'-untranslated sequences lacking a poly(A) homopolymer 
stretch (see Fig. 25). 

Using the 1.4kb EcoRI fragment of AHER-P3 as a probe, 
21 clones were isolated from an A431 cDNA library and charac- 
terized by EcoRI restriction analysis. Clones AHER-A62 and 
A HER-A64 were found to contain overlapping DNA fragments, 
which together spanned a stretch of 5.2 kb (Fig. 2b) of DNA. 
Complete sequence analysis revealed an open reading frame 
coding for 1,186 amino acid residues, including carboxy- 
terminal sequences identical to AHER-P3 and very similar to 
v-erb-B transforming protein. Clone AHER-A62 was found to 
“contain the complete 3’-untranslated region (1,913 bp), as evi- 
denced by the presence of an AATAAA sequence”! followed 
by a poly(A) tail 15 nucleotides downstream. 

The amino acid sequences of 13 tryptic peptides as well as 
those of the 6 previously reported'* were located within the 
predicted amino acid sequence (see Figs 1, 2c). Only two differ- 
ences were detected between the 230 amino acid residues deter- 
mined by peptide sequencing and those derived from analysis 
of the cloned cDNA (Cys as opposed to His at position 133). 
Reinspection of amino acid sequencing data revealed a failure 
to distinguish between Cys and His in peptide EGRT.8 and to 
assign amino-terminal Asp in peptide EGRC.!. Remarkably, 
clone AHER-A64 starts with a nucleotide sequence encoding 
the amino acid sequence NH,-Leu-Glu-Gly-Lys-Lys, which is 
identical to the amino-terminal sequence of the A431 receptor 
polypeptide (see E ln, aul : 















Fig.4 Northern blot analysis of cytoplasmic placental ane Aaa : 
mRNAs. Lanes a and d, placental mRNA; b and e, A431} mRNA 
cand f mRNA from a second, independently passaged. line of- 
A431 cells. Dashed lines indicate the regions of the schemati 
depicted cDNA giving rise to the hybridization patterns shown 
Numbers on the left and right indicate sizes (in kb) of major. mRNA i 
bands. Roman numerals denote EcoRI fragments used as hybridiz 
ation probes (see below). 
Methods: A43! cells were grown in Dulbecco's modified Eagle’ 
medium containing 10% fetal calf serum in an atmosphere of 10% 
CO,-90% air at 37°C. Cytoplasmic mRNA isolated from frozen 
placental tissue after pulverization in liquid N, and from fresh. 
A431 cells” was separated (2 yg per lane) on 1%. agarose form 
dehyde gels and transferred to nitrocellulose filters as d cribed | 
by Lehrach et al,*°, Rat liver ribosomal RNA (18S = 1,874 nucleo- 





tides; 28S = 4,718 nucleotides; I. Wool, personal communication) 


and 42S vesicular stomatitis virus RNA (~12kb) were used as 0 
size markers. Nitrocellulose filters were hybridized under high- H 
stringency conditions with radiolabelled EcoRI fragments ‘i 
293 bp; H=1,838bp; HI=768 bp; IV= 1,373 bp: V m Raa bp 

derived from clones AHER-A62 and AHER-A64. TN 


In order to obtain missing sequences upstream from: those 


which encode the amino-terminus of the mature protein, an 


A431 cDNA library generated by priming with a 24 nucleotide- 
long synthetic oligomer (see Fig. 2 legend) was screened with __ 


the 5'-most EcoRI fragment of AHER-A64. Clone AHER-A21 


perfectly matched the sequence of AHER-A64 and extended it 
260 bp further upstream. The new sequence contained coding 
information for an additional 24 predominantly hydrophobic 
amino acids, including the presumptive initiator methionine. 
This sequence probably represents the EGF receptor signal 
peptide which is necessary for transfer of the nascent polypep- 
tide into the lumen of the endoplasmic reticulum. Basic and 
polar amino acid residues flank the hydrophobic core of the 
amino-terminal 24-amino acid sequence, a common structural 


feature of signal peptides. Furthermore, within the 186 bp of | . 
S'-untranslated sequence, an in-frame termination codon is 
located 36 nucleotides upstream (Fig. 2c), supporting the assign- 


ment of residue ~24 as the initiation methionine of the 1,210 — 
amino acid-long EGF receptor precursor polypeptide. Placental : 
EGF receptor clones were generated in an analogous priming 
experiment. Clone AHER-P13 (Fig. 2b) was characterized and as 
matched perfectly the sequence of AHER-A21. These data show == 
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Fig. 5 Structure of an 
A431 cell-specific cDNA 
variant. a, Schematic map 


© variant (bottom) cDNA. OOO E eaaa 


The solid box represents ! ! i ! i ! 
transmembrane sequen- 
ces. The black line in the 
variant cDNA clone 
AHER-A109 represents 
the region of identity with 
the normal EGF receptor 
sequence; the cross- 
‘hatched box represents a 
region of unknown origin. 5 
wa, Poly (A) tails. b, North- 
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ern blot analysis using a Alaleulys = = = = = GluGlyCysProThrAsnG lySerTyrl leValSerHisPheProArgSerPhelyrLysMetSerValHisEnd 


probe derived from the 
non-homologous region 
of variant cDNA clone 
AHER-AI09. A 266-bp 
Hpai-EcoRI fragment a 
was used as radioactive 
probe (10°c.p.m. pg’). 


GCGCTCTGC . ~~ > — ~ GAAGGCTGTCCAACGAATGGAAGCTACATAGTGTCTCACTTTCCAAGATCATTCTACAAGATGTCAGTGCACTGAAACATGCAGGGGCGTGTTGAGTGTGGAAGGATC 
TTGACAAGTTGTTTTGAAGATAGCATTTTGCTAAGTCCCTGAGGTCACTGGTCCTCAAAGCGGCATGGCGCATGGCGTGGCTEGTTCTECCACATGCCAGCTETGTGACCTCTGAGACTCCACTTCTTCC 
GTGCTGAAAATAAAGAAGGAGTTTTACTAAGGACCAAACAAGATAATGAATGTGAAAC TGC TCCATGAACCCCAARGAATTATGCACATAGATGCGATCATTAAGATECGAAGCCATCGAGTTACCACCT 
GGCATGCTTAAACTGTAARGAGTGGGTCAARGTAAAC TGAATTGGAAAATCCAAAGTTATECAGAAARACAATAAAGGAGATAGTAAAAAGGGT TAACGAGCCAGTCCAGGSGAAGCGMF 





AGAGTCCTTTTCTGGGCCAAGTTTGATAAATTAGGCCTCCCGACC CTTTGCTCTGTTIGCTTTATCAACTCTACTCGGCAATAACAATAAAAGACTCCAGGTGGTGTATTTGGAGTGGCTTACTE polyA 





Blots were exposed for 72h. Sizes of mRNAs are shown in kb. 28S (4,718 nucleotides) and 185 (1,874 nucleotides) ribosomal RNAs. were 
use as size standards. No hybridization was detected in a parallel experiment with placental mRNA. c, Nucleotide sequence of cloned cDNA 
from AHER-A109. The start of the cDNA is shown, together with the junction of non-homology to EGF receptor cDNA and the entire 


non-homologous 3’ end. 


-that both placental and A431 receptors are not synthesized as 
-larger precursor molecules aside from the signal peptide; the 
unmodified precursor and mature polypeptides have predicted 
molecular weights of 134,300 and 131,360, respectively. These 
-yalues are in good agreement with the molecular weight 
(138,000) determined for EGF receptor synthesized in tunicamy- 
oon a A431 cells, where N-linked glycosylation does not 
occur’. 


~ Human EGF receptor/v-erb-B homology 
Partial amino acid sequence analysis of peptides obtained from 
placental and A431 cell EGF receptor preparations had demon- 
-strated that the EGF receptor matches, in part, the amino acid 
sequence of the product of the v-erb-B oncogene from avian 
erythroblastosis virus (AEV-H'*'*). Availability of the complete 
EGF receptor sequence derived from cloned cDNA now permits 
a detailed sequence comparison. Figure 3 shows an alignment 
of the 604 residue-long v-erb-B sequence’? with 631 carboxy- 
terminal amino acids of the human EGF receptor. Extensive 
amino acid sequence homology is detected over a 376 residue- 
long core region, beginning at the cytoplasmic junction with the 
transmembrane domain present in both sequences; 95% of the 
residues in this region are conserved, which is highly significant 
considering the evolutionary distance between birds and 
humans, and therefore probably represent sequences essential 
for the function of this domain. A 244 residue-long stretch within 
< this region contains 60 residues (24.6% ) which are conserved in 
“other oncogenes of the src gene family (for clarity, only sre, fes, 
"> yes and fps are shown in Fig. 3)”. These include the tyrosine 
-. which is the substrate for the autophosphorylation reaction of 
-- pp60** (refs 33, 34; Fig. 3). The equivalent region of the EGF 
=c receptor also retains the amino acid residues thought to be 
involved in the formation of an ATP binding site**”’. The extent 
of the sequence conservation is reduced in sequences flanking 
-< this 376-amino acid core region until, at residue 600, the v-erb-B 
sequence is fused to the carboxy-terminal tetrapeptide of the 
EV env protein'®. The EGF receptor sequence continues from 
1e point of divergence at the 3’ end for another 32 amino acids. 
e light of the sequence identity in the putative tyrosine 
ific kinase domain, it is surprising that the erb-B transform- 
{ng protein has not been shown to possess kinase activity. This 
_. may reflect technical difficulties or could indicate that the car- 
-boxy-terminal region, in which there is less similarity between 
“the sequences, may be important for expression of the EGF 
receptor kinase activity. The complete sequence further sub- 
















stantiates the hypothesis that v-erb-B oncogene sequences origi- 
nated from cellular sequences which encode the avian EGF 
receptor'*. As the nucleotide and hence the amino acid sequence 
of the avian EGF receptor is unknown, the relevance of par- 
ticular amino acid differences between the human receptor and 
avian oncogene sequences to the transforming function of the 
virus remains unclear. The extent of similarity further supports 
our previous suggestion * that other oncogene products that have 
regions of amino acid sequence similar to v-erb-B and the EGF 
receptor, which form a group known as the sre gene family, may 
be derived from cellular sequences encoding other receptors 
having tyrosine kinase activities such as the PDGF, IGF-I and 
insulin receptors. 


Receptor-related mRNAs 
To determine the size of the mRNA encoding the EGF receptor, | 
Northern blot hybridization” experiments were done using cyto- 





plasmic mRNA isolated from term placenta and fro 





independently propagated lines of A431 cells. The RNA prepar- Re 


ations were probed with various segments of the cloned E 


receptor cDNA. Figure 4 shows that different patter is of 
hybridization were obtained with probes derived from sequences 
coding for the 5’-untranslated region and the extracellular 
domain as compared with probes derived from the cytoplasmic 
domain and the 3’-untranslated regions. In all experiments, two 
transcripts of 5.8 and 10.5 kb were detected in both A431 and 
placental RNA preparations, however the relative amounts of 
the transcripts differed between placenta and A431 cells, as well 
as between the two lines of A431 cells. Similarly, two transcripts 
of 12 and 9 kb have been detected in normal chicken embryo 
mRNA using v-erb-B probes*’. These two transcripts could 
result from transcription of two closely related genes, or, alterna- 
tively, represent transcripts of different length from the same 
gene. Transcription of the mouse a-amylase and dihydrofolate 
reductase genes, for example, involves usage of multiple poly- 
(A) addition sites, generating mRNAs of variable lengths from 
a single gene**”*. Alternatively, variable splicing events. could 
generate two mRNAs, perhaps with different function, from a _ 
single gene*™*'. The variation in the relative levels of the two ` 
transcripts in placenta and the two A431 cell lines suggests that — 
some specific mechanism may regulate their relative abundance 
depending on cell type, physiological condition or develop- 
mental state. Further experiments are needed to elucidate this 
phenomenon. | ai 

Probes derived from the 5’ half of the cDNA hybridize to a 
2.8-kb mRNA present only in A431 cells. Compared with the 
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Fig.6 Southern blot analysis of A431 (a) 
versus placental (b) DNA. High- 
molecular weight chromosomal DNA was 
isolated as described? DNA (10 pg) was 
digested with excess EcoRI (New England | 
Biolabs) then analysed by Southern blot 
hybridization. A mixture of all EcoRI 
fragments of AHER-A62 and AHER-A64 
(as in Fig. 4) was radiolabelled with [a- 
22p1d ATP and [@-??P]dCTP (Amersham) 
by the procedure of Taylor et al’. Pro- 
cessed filters were exposed to X-ray film 
for 5 days at ~70°C using Cronex light- 
ning plus intensifier screens. A phage 
DNA was digested with EcoRI and 
HindIII was used as a size marker. 





two normal mRNAs, this RNA species is overexpressed ~ 100- 
fold (Fig. 4b, c). In addition to the normal mRNA bands at 10.5 
and 5.8kb, various fainter bands are observed after long 
exposure times in both placenta and A431 RNA preparations 
(see Fig. 4 and data not shown). A 6.1-kb mRNA which is 
present in both A431 cells and placenta appears to be 
homologous to all probes used; the same is true for a placenta- 
specific 13-kb mRNA. Another group of mRNAs from both 
sources hybridizes with either 5’ (1.8 kb) or 3’ (8.9 kb) probes. 
Faint A431-specific hybridization signals are detected with 5 
probes at 3.3, 1.65, 1.5. and 1.3 kb in addition to the predominant 
2.8-kb mRNA These -bands may represent low-abundance 
variant transcripts. of the same gene, or possibly transcripts of 
other genes which are ‘structurally related to either the entire 
EGF receptor or one major domains. 





Truncated EGF ‘receptor sequences 


To characterize in detail the predominant 2.8-kb variant mRNA 
from A431 cells, an oligo(dT)-primed cDNA bank (>2 kb; ~10° 
clones) was screened with a 5’-specific EGF receptor cDNA 
probe (Fig. 4, fragment I). Of 167 positives, the three clones 
with the largest inserts were found by restriction enzyme analysis 
to be related to but distinct from clone AHER-A64. Clone 
A HER-A109 (2.5 kb) was sequenced and was found to be iden- 
tical with our EGF receptor cDNA sequence starting at amino 
acid position —8 in the signal sequence and extending through 
almost the entire extracellular domain of the receptor. The 
amino acid sequence identity terminated abruptly, however, 
at amino acid residue 615, shortly before the transmembrane 
portion of the normal sequence (see Fig. 5a, c). Downstream 
from this residue the open reading frame continues for another 
18 amino acids, followed by an opal codon (TGA) and a 548- 
nucleotide 3’-untranslated sequence which includes an 
AATAAA box 34 nucleotides upstream from the poly(A) addi- 
tion site. The cDNA (AHER-AI09) encodes an approximately 
70,000-MW truncated EGF receptor protein which, because it 
contains a signal peptide but lacks the receptor transmembrane 
region, should be secreted by A431 cells. Monoclonal antibody 
Ri (ref. 42), which recognizes the extracellular domain of the 
EGF receptor, does in fact immunoprecipitate a secreted 
115,000-MW glycopeptide, which is thought to be formed by 
post-translational modification of a 68,000-MW polypeptide”. 

Analogous truncation of the vesicular stomatis virus transmem- 
brane glycoprotein by molecular cloning techniques led to 
secretion of a soluble protein, albeit at a severely reduced rate” 


To establish the identity of this chimaeric cDNA, differential 


Northern blot hybridization experiments were carried out. 
Hybridization using a 185-bp EcoRI-—Sacl probe derived from 
clone A HER-A21, which includes only sequences upstream 
from the 5’ end of the variant clone A HER-A109, resulted in a 





pattern identical to that seen in Fig. 4b,c. This finding, in- 
combination with the size and sequence of clone A HER-A109, 
showed that the 2.8-kb mRNA shares 5’ sequences with the 5.8- 
and 10.5-kb mRNAs. It is not yet clear whether transcription . 
of these mRNAs is under the control of the same regulatory — 
elements or whether sequence real ments in the 5’-flanking | 
region of the receptor gene | pression of the,2.8-kb 
mRNA. A variant-specific pr pal—Ecol) derived 

from the 3’ end of clone A HEF idized to the major 

A43 l-specific 2.8-kb band as well- ter 4.7- and 8.4-kb- 
bands, but not to the 5.8- and 10. mRNAs (Fig. 5b). 

Although the two less abundant (4.7- and 8.4 -kb) A431-specific 

transcripts have the same 3’ untranslated sequence as our. 
chimaeric cDNA clone A HER-A109 and therefore could have 
engendered the cDNA, since neither of them showed homology 
with various EGF receptor gene sequences, we conclude that- 
our chimaeric cDNA was derived from the 2.8-kb mRNA and 
that the 4.7- and 8.4-kb mRNAs probably represent transcripts; 
from the parental gene which contain the 3' region of the 2.8-kb 
mRNA. 


Gene amplification 


A431 epidermoid carcinoma cells express about 10-50 times ee 
more EGF receptors on their surfaces than most other cell 
types'®!”. The remarkably high EGF binding capacity of th : 
cells seems to be correlated with the presence of chromosomal 
translocations involving chromosome 7 (ref. 18), which is known - 
to carry the EGF receptor gene***’. In addition to the two. 
translocated fragments of chromosome 7 (M4 and M14), A431 | 
cells contain two copies of the normal chromosome 7 (ref. 18). 
To investigate further the genetic basis for the high EGF receptor - 
levels in these cells, we compared A431 cell chromosomal DNA - 
with DNA from placenta and other normal tissues. Assuming. x 
that the A431 cell chromosomal translocations described by 
Shimizu and Kondo’? involve the entire EGF receptor gene, the- 
signal in Southern hybridization experiments for A431. DNA. 
was expected to be twice that detected for DNA from place 
and other human tissues. Figure 6 shows an autoradiograph 
a Southern blot hybridization analysis of equal amounts 
EcoRI-digested A431 (lane a) and placenta (lane b) DNAs. 
the basis of densitometric quantification we estimate th 
EGF receptor gene is amplified 15-20 times in A431 cells com- 
pared with DNA from normal diploid cells. Variable intensities : 
of hybridization signals were observed for different bands within. 
one lane, which may be due to different factors such as efficiency 
of transfer and binding to nitrocellulose, co-migration. of 
hybridizing DNA fragments and the use of a mixed probe 
consisting of five DNA fragments of different size (see Fig. 6: 
legend). The highly selective conditions used in the hybridization. 
experiments excluded cross-hybridization to related but non- 

identical sequences. Based on more detailed Southern hybridiz- 
ation experiments using various regions of the cDNA to- probe 

separate blots, we estimate that the gene coding for the 5.8-kb 

EGF receptor mature transcript is greater than 50kb in size 

(data not shown). 

Our data suggest that various segments of the entire gene are 
amplified to the same extent. Furthermore it appears that the 
8.9-kb hybridization signal obtained with A431 DNA (Fig. 6, 
lane a) is due to sequence rearrangements, since it is not present 
in placental and other normal DNAs (Fig. 6 and unpublished 
results). Additional indications of sequence rearrangements 
affecting the amplified receptor gene and its flanking regions 
have been detected in genomic Southern hybridization experi- 
ments using the 3’ nonhomologous sequence of clone AHER- 
A109 as a probe (A.U., in preparation). 





























Discussion 


We have presented here for the first time the complete amino 

acid sequence of a cell surface receptor for a peptide ligang at me 

mitogen EGF. ae 
Inspection of the receptor’s predicted primary sequence 


reveals a stretch of 23 piecomaioty TARE SEN amino b acds 
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(residues 622-644) which contains only a single amino acid with 
‘a side chain capable of hydrogen bonding. This sequence, in 
an a-helical configuration, could span the lipid bilayer and the 
-group of basic residues immediately C-terminal (residues 89- 
101) are likely to interact with the phospholipid head groups in 
‘the membrane. It is unlikely that the external domain of the 
‘receptor contains regions that cross the lipid bilayer since in 
A431 cells a truncated receptor resulting from gene rearrange- 
“ment and consisting of almost the entire external domain is 
secreted. The cytoplasmic domain may interact with the lipid 
bilayer but at regions with different structural features from 
those of the 23-amino acid transmembrane domain. The receptor 
therefore can be divided into two functional domains—an 
extracellular one of 621 amino acids and a cytoplasmic domain 
of 542 amino acids—linked by a short transmembrane region. 
The extracellular domain would contain the EGF-binding 
site. This domain contains 12 of the 16 possible sites for 
“asparagine-linked glycosylation (Asn-X-Ser or Asn-X-Thr). It 
js likely that the majority of these sites are indeed modified 
since Mayes and Waterfield” have shown that 11 sites are gly- 
cosylated in the precursor of the secreted external domain of 
the molecule. 
A particularly striking feature of the receptor concerns the 
` distribution of cysteine residues between the extracellular and 
cytoplasmic domains. The cytoplasmic domain of 542 amino 
< acids contains nine cysteine residues (~2%), a value well within 
` the range of most cytoplasmic proteins. The extracellular domain 
of 621 amino acids, however, contains 51 cysteine residues, most 
of which are concentrated within two regions of ~ 170 amino 
acids located at positions 134-313 and 446-612 (see Fig. 2c). 
Alignment of these cysteine-rich sequences with one another 
reveals similarities in the spacing of the individual cysteine 
residues, possibly refiecting the involvement of these residues 
in the formation of two repeated structures and a common 
evolutionary origin by gene duplication for this part of the 
receptor. We do not yet know whether these cysteine residues 
are all disulphide-bonded. 
The cytoplasmic domain undoubtedly contains the tyrosine- 

_ specific protein kinase activity and has the stretch of amino acid 
sequence (approximately residues 690-940) that is shared by 
-transforming proteins of the src family. 
~The question remains, how do the domains function in signal 
transduction across the membrane? If, as we suggest, the EGF 
ptor polypeptide crosses the membrane only once, then a 
signal must be transduced through this region unless two or 
- more receptor molecules are involved or an additional polypep- 
` tide(s) mediates the response to EGF. What could be the nature 
-of the signal? Since EGF induces rapid changes in ion move- 
- ments? it is possible that the receptor itself could function as a 
channel. Very little is known about structure-function relation- 
ships for such channels except in the case of bacteriorhodopsin® 
- and the acetylcholine receptor*’. For both these proteins it 
seems that multiple transmembrane segments formed from either 
a single polypeptide in the case of bacteriorhodopsin or from 
multiple subunits in the case of the acetylcholine receptor 
contribute to channel function. Inspection of the putative EGF 

receptor transmembrane sequence suggests that, even if ligand- 
- induced aggregation brought several transmembrane segments 

into close apposition, the sequence itself does not contain any 
amino acids with side chains that could be involved in ion or 
. proton translocation. 
- «An alternative hypothesis is that an EGF-induced conforma- 
- tional change in the external domain is transmitted to the cyto- 
_. plasmic domain, perhaps as a result of movement of the trans- 
~ membrane domain but more likely involving receptor aggrega- 
tion. EGF will induce receptor clustering ™ and antibod 
--eross-linking can mimic the effects of the growth factor®’”*. 
Such clustering of extracellular domains would necessarily bring 
> the corresponding cytoplasmic domains into close proximity, 
© allowing inter-receptor interactions which might include stimu- 
~ lation of tyrosine kinase activity resulting in autophosphoryla- 
_ tion. The experimental evidence cannot exclude a mechanism 
























where a receptor molecule bearing bound ligand interacts with 
other polypeptides which transduce the transmembrane signal 
and hence stimulate kinase or other activities indirectly. 
However it is important to note that EGF can stimulate tyrosine _ 
kinase activity of highly purified EGF receptor (ref. 53 and Y.Y., 
in preparation). 

Comparison of receptor gene expression patterns in normal 
placental tissue and the tumour cell line A431 has revealed 
distinct differences both at the transcriptional and at the gene 
structural level. We have shown that the EGF receptor is encoded 
by a 5.8-kb mRNA in both placental and A431 cells. We also 
detect a 10.5-kb mRNA which may be a transcriptional variant 
derived from the same gene, perhaps carrying a longer 3- 
untranslated region, analogous to other genes*”””. Both the 5.8- 
and 10.5-kb mRNAs are expressed at variable but similar levels 
in both cells, which is remarkable because A431 cells are known 
to possess 10-50-fold more cell surface EGF-binding sites and 
associated tyrosine kinase activity than most other cell types'®””. 
The abnormality we detect instead is that A431 cells synthesize 
a 2.8-kb mRNA at levels 100-fold greater than that of the larger 
mRNA species. This mRNA encodes a 70,000-MW secreted 
polypeptide representing almost the entire extracellular EGF 
binding domain of the receptor”. Since this truncated receptor 
is secreted”’, it cannot account for the observed overexpression 
of EGF receptors detected by increased EGF binding capacity’, 
monoclonal antibody binding’, immunoprecipitation of tyro- 
sine kinase activity*” and receptor protein quantification as 
observed on SDS-polyacrylamide gel analysis of these cells’*. 

Thus the important question of the mechanism for the 
dramatically increased EGF receptor levels in A431 cells remains 
unsolved. We have found that the EGF receptor gene is amplified 
15~20-fold in A431 cells, yet amplification does not lead to 
concomitant increased synthesis of the 5.8- and 10.5-kb mRNAs. 
A431 cells contain two normal copies of chromosome seven and 
two chromosomes bearing a chromosome seven translocation’, 
Others have observed that gene amplification events are often 
associated with chromosomal translocations****, and Shimizu 
and Kondo have shown that the overproduction of EGF receptor 
in A431 cells is genetically linked to the chromosome seven 
translocation (M4)'*. We propose that the 5.8-kb and 10.5-kb 
mRNAs are derived from the two normal copies of chromosome 
seven, while the novel overexpressed 2.8-kb mRNA is derived 
from the amplified gene copies. Our results do not explain the 
link between high levels of intact receptors with chromosome 7 
translocation. 

Amplification of the EGF receptor gene in A431 cells could 
have occurred intrachromosomally or by generation of acentric 
extrachromosomal elements (so-called double minute chromo- 
somes). It is possible that the sequence rearrangements we 
detected (A.U., in preparation) occurred during or after the 
translocation process and created an altered copy of the EGF 
receptor gene, leading to truncation and moderate over- 
expression, before amplification. Alternatively, sequence alter- 
ations could have occurred during gene amplification, resulting 
in overexpression of a single aberrant gene. Detailed analysis 
of the EGF receptor gene and flanking sequences from normal 
and A431 cells will be necessary to determine whether the 
occurrence of the amplified gene generates a truncated MRNA 
and why this mRNA is overexpressed. 

It is also not clear from these results why A431 cells are 
uniquely unresponsive to the amounts of growth factor which 
are usually mitogenic for fibroblasts'?*°”*. 

The finding that A431 vulval carcinoma cells produce a trun- 
cated polypeptide which is virtually identical to the external 
domain of the receptor is particularly intriguing in view of our 
earlier observation that the v-erb-B oncogene encodes what 
seems to be a truncated avian receptor polypeptide correspond- 
ing to the transmembrane and cytoplasmic domains'*. We can- 
not yet exclude the presence, at a low level, in A431 cells of an 
mRNA which could encode such a cytoplasmic membrane- 
associated domain. It seems likely that the A431 2.8-kb mRNA 
and the secreted EGF receptor external domain are unique to 
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A431 cells and do not provide any clues to the neoplastic origin 
or character of this cell line. Since the A431 cell line—and the 
many variants of this cell line which must now exist (see Fig. 
_ 5)}—has a multitude of defects exemplified by its 78 chromo- 
. somes'®, it is cle y best to regard this cell line with caution 
_ when exploring the mechanism of action of EGF or in charac- 
terizing changes which relate in a meaningful way to neoplasia. 
The structural studies described here provide a basis from 
which to probe other cell lines and primary tumour tissue for 
alterations in the EGF receptor, its gene, or its transcription 
pattern. os i 
After this manuscript was completed two publications related 
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to the subject appeared. It was shown that A431 cells produc 
a 105,000-MW protein related to the external domain of th 
molecule*’, as previously reported by Mayes and Waterfield? 
and that amplification and altered expression of the EGF recep 
tor gene occurs in A431 cells®*, C 
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The DNA sequences of the alcohol dehydrogenase (Adh) genes of four very closely related species of Drosophila show 


that the rates of nucleotide change vary greatly in different functional domains of this gene. A phylogeny of these species 
based on the Adh sequence data is consistent with that based on polytene chromosome banding patterns. 





SPECIES of Drosophila are ideal for studies of DNA sequence 
evolution as we have very detailed knowledge of the phylo- 
genetic relationships within many groups of the genus’. 
Drosophila melanogaster is an unusual member of the family 
Drosophilidae—it is one of a very small number of species {8 
out of over 2,700) that is virtually cosmopolitan in its geo- 
graphical distribution. Its closest relative, Drosophila simulans, 
is also cosmopolitan, although until recently it was rare in 
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South-East Asia and Japan’. Recent studies of the drosophilid — sim 3 ee 
ae . a oe _.. .. guishing features. Ecologically the six Afro-tropical species may 
be more restricted than either D. melanogaster or D. simulans: _ 
for example D. erecta breeds almost exclusively on. the fallen 





fauna of Africa have identified six species closely related to i 
D. melanogaster and D. simulans’. These are Drosophila — 
yakuba and Drosophila teissieri, widely distributed in sub- a 
Saharan Africa; Drosophila erecta and Drosophila orena, known 
only from tropical West Africa; and Drosophila mauritiana and 
Drosophila sechellia, endemic to the islands of Mauritius and 
the Seychelles respectively. These eight species form’ th 
melanogaster species subgroup. Morphologically they are very 
similar, their male genitalia providing their only reliable d 
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Fig. 1 The araon: among the eight species of the 
D. melanogaster species subgroup based upon their polytene 
_ chromosome banding patterns (ref. 10 and F. Lemeunier and M.A., 
in preparation). Within the D. melanogaster complex only one large | 
inversion distinguishes the chromosomes of melanogaster itself 
from those of the other three species. The chromosomes of the 
members of the yakuba complex differ from those of the 
melanogaster complex by at least eight autosomal inversions. The 
numbers on the diagram indicate the minimum number of auto- 
somal inversions that have accompanied each cladistic event. 


mot iiis of the palm Pandanus candelabrum and D. sechellia on 
ie fruits of the Rubiaceous shrub Morinda citrifolia*” 
Comparison: of the polytene chromosome banding patterns 
the D. melanogaster subgroup distinguishes two species com- 
“plexes (ref. 10 and F. Lemeunier and M.A., in preparation). 
- D. melanogaster, D. simulans, D. mauritiana and D. sechellia 
_ have similar chromosomes, only one large inversion on chromo- 
© some 3R distinguishing the chromosomes of D. melanogaster 
_ from those of the other species of this complex. The chromo- 
-somes of the remaining four species differ from those of the 
< D. melanogaster complex by at least seven inversions. D. yakuba, 
` most dissimilar from D. melanogaster, differs by at least 30 
_inversions'°. Consideration of the inversion events required to 
_ derive the polytene chromosome banding patterns among these 
< species gives the tree shown in Fig. 1. This hypothesis i is suppor- 
ted by studies of hybridization within the species subgroup, 
by studies of the electrophoretic mobilities of certain enzy- 
~.mes'*"'*, by the nature of their mitochondrial, ribosomal and 
< satellite DNAs'*'® and by the reaction of the species to para- 
sitization by Cynipid wasps" 







The Drosophila Adh gene 


Against this background we have sequenced the genes coding 
¿for alcohol dehydrogenase (ADH; EC 1.1.1.1) from three of 
“these species and compared them with that of D. melanogaster 
` (ref, 20 and H. Haymerle and C. Benyajati, unpublished data). 
< ADH is an abundant protein in all species of the subgroup. In 
< D: melanogaster ADH is polymorphic: two electromorphs 
, (ADH®* and ADH") are ubiquitous and a third (ADH?) is 
- found in some populations. The amino acid differences between 
TADH, ADH® and ADH“ are known, the three proteins 
-differing in only two positions?" 72 Kreitman”’ has sequenced 
the DNA of Adh genes from six chromosomes carrying Adh* 
and five chromosomes carrying Adh* from D. melanogaster. 
Apart from the single base pair change responsible for the lysine 
_ o- threonine: substitution that distinguishes ADH® from ADH’, 
hese sequences differ at sites that are ‘silent’ with respect to 
= the- protein. 
= ADH activity varies during the development of 
<: D. melanogaster, two peaks of activity are found, the first in 
> mature larvae and the second after eclosion of the adults”. The 
-= gene's transcription pattern differs between larvae. and adults, 
-although the two mRNAs encode the same protein?™*, The tran- 
scriptional organization of Adh in D. melanogaster is summar- 


























Dorna Dsimulans Dmauritiana Dsechellia Daneianogaster — 








D.m D. m 
(ADH-S) (ADH-F) D. sim D. mau D. ore | 
2 Ser Ser Ala Alas Ala 
28 Leu Leu Leu O Nal va 
51 Lys Lys Lys = Gin Lys 
83 Gin Gin Lys Lys Lys 
85 Lys Lys Lys Lys  —- Thr 
100 His His His Hits Tyr | 
193 Lys Thr Lys Lys Lys 
213 Thr Thr ‘Thr Thr He 
215 Pro Pro Pro Pro Ser 
231 Gin Gin Gin Gin Glu 
241 Giy Gly Giy Ser Gly 
247 Gin Gin Gr  ěē Għa Lys 
249 Thr Thr l 1a Pa Kaia Ser 





The predicted changes in amino acid: sequence of ADH from 
D. simulans (D. sim), D. mauritiana (D. mau) and D. orena (D. ore) are 
compared with those of the ADH-S and ADH-F allozymes: of 
D. melanogaster (D. m). The D. melanogaster sequences were ‘directly 
determined from the proteins’! with the exception that an extra tryp- 
tophan residue (Trp 252) was identified from the sequence of a partial 


cDNA clone*’. Residues 1-33 are coded for by exon 1, 34-168 by exon 2 
and 169-256 by exon 3. Residue | is counted as the initiating methionine. 
Differences from ADH-S are underlined. - 


ized in Fig. 2. The ‘larval’ and ‘adult’ ADH mRNAs differ in 
their 5’ ends. The primary adult transcript initiates 707 base 
pairs (bp) upstream from the larval; the removal of a 654 base 
intron from the primary adult transcript gives two mRNAs that 
differ by 50 bases in size. 


Adh sequences in sibling species 


Using the clones of D. melanogaster Adh isolated by Goldberg”, 
we isolated the Adh genes of D. mauritiana, D. simulans and 
D. orena (see legend to Fig. 3). 

The Adh gene sequence from these three species is compared 
with that of D. melanogaster in Fig. 3. The general structure of 
Adh is very similar, suggesting that the overall transcriptional 
organization is identical in the four species. ‘The coding regions 
are identical in length. Table | summarizes the predicted amino 
acid changes. The amino acid sequence of the D. simulans ADH 
differs from that of D. melanogaster ADHS by two residues: the 
N-terminal serine residue of D. melanogaster is replaced by. an 
alanine residue in D. simulans, and the glutamine to- lysine 
change at residue 83 accounts for the difference in elec- 
trophoretic mobility between these enzymes*** The 
D. mauritiana enzyme is predicted to differ from that of 
D. melanogaster at 5 sites and the D. orena enzyme at 10. Within 
the coding region there are 192 ‘effectively silent’ (synonymous) 
sites at which a single base substitution cannot result in a coding 
change’’. There are nearly 10 times as many synonymous as 
coding substitutions (Table 2). Overall, 20.8% of the synony- 
mous, but only 2.2% of the non-synonymous, sites differ. 

There are two coding region introns in the Adh gene of 
D. melanogaster, of 65 and 70 bp. The genes of the three other 
species have introns at identical places and of similar lengths, 
though in the case of D. orena, of quite different sequence. 

Kreitman”’, in his study of 11 alleles of D. melanogaster Adh, 
found 38 polymorphisms, of which only two affected sequence 
length. Both of these were within the 5' intron of the adult 
transcript (intron 1) and both were substitutions in Adh". alleles 
that involved a partial duplication of surrounding sequences. 
Among our sequences, 25 of the 172 sequence variations alter 
length. Two of the sites of insertion within intron 1 (the 7 bp 
duplication at position 505 of D. mauritiana and the 5 bp inser- 
tion at 613 of D. orena) are very close to the sites of insertion 
in Adh" alleles”: the D. mauritiana duplication is 1 bp 5’ to the 
Adh" distal insertion and the D. orena insertion is 3 bp S'to the 
Adh" proximal insertion. The longest deletion is seen in 





D. orena—this species lacks 12 bp immediately distal to the Joa. 
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Fig. 2 The general features of the 
organization of the Adh gene of 
D. melanogaster (from refs 24 and 
25). inl, in2 and in3 are the three 
introns and ex1, ex2 and ex3 the three 
coding exons. The positions of the 
nucleotides correspond to those of 
the consensus sequence shown in 
Fig. 3. 





| initiating codon. This deletion may account for the lowered 


~~ levels of both ADH activity and protein i in D. orena, which are 


about 30% of those of D. melanogaster”. 


Selective or neutral changes? 


The most obvious conclusion from the data is that the rate of 
nucleotide substitution is higher-in noncoding than in coding 
regions, implying selective constraints against coding region 
changes. Of the 768 nucleotides in the coding region, 576 (75%) 
could mutate to give an amino acid substitution. Between 
D. melanogaster and D. orena, 14.6% of the effectively silent 
sites have changed. We can estimate, therefore, that 84 (14.6% 
of 576) mutations, affecting approximately one-third of the 
codons, would have occurred in the coding region. Only 12 
(2.2% of codons) of these have survived. This supports Kreit- 
man’s?’ conclusion that natural selection operates against coding 
- mutations, most of which. are likely to be deleterious. On the 
other hand the effectively silent sites show a far higher level of 
substitution. There are 192 sites within the coding region at 
which no nucleotide. substitution results in an amino acid 
change. Forty (20. 8%): of these are variable, twice the frequency 
of change seen in the mR t noncoding regions. 
There is significant het sity in the distribution of nucleo- 
tide changes amongst sections of the coding region 
that are split by intron: and 3. A 3x2 contingency x? test 
gives y3 =9.64; P <0. he coding region in exon 2 is the 
most highly conserved « ind that in exon 3 is the least conserved. 
Six of the amino acid 1 eplacements (out of a total of 12) are in 
the C-terminal 50 residues of the protein. It has been suggested 
that the coenzyme ( NAD) binding sites of D. melanogas ster ADH 












lies within the N-terminal 90 residues of the protein”? and we 


can speculate that both this site, and the substrate binding site, 
lie within exon 2. 

The rate of change in untranslated leader sequences is similar 
to that of coding DNA, and about half that seen in the intron 
sequences (Table 2). A similar result has been found in other 


studies***'. This suggests that selective constraints are exerted © 
on noncoding regions of mRNAs. They may be due to functional 


requirements for transcription and modification of the mRNAs, 
or to the demands for the interaction of other molecules with 
mRNA. These demands may constrain either the precise 
sequences of these untranslated regions or simply their secon- 
dary structure. 

There is clearly a hierarchy of constraint on change in different 
parts of the Adh sequence, the percentage changes descending 
in the order: exon silent sites (20.8% ), introns (14.1%), untrans- 
lated leader sequences (8.4% ) and amino acid replacement sites 
(2.2%). Intron boundaries are also very highly conserved, but 
we cannot quantitate this as we have no rules for defining the 
precise limits of those sequences required for correct splicing 
of the primary transcript. 

It is remarkable that silent sites. within exons are so much 
more variable than the int on sequences. This unexpected com- 
plexity in the patterns of 9 
to unravel until we. ha 
of intron sequences 








ition within the gene will be difficult. 


the Adk genes of D. melanogaster (D.m), D. simulans: 
better understanding of the function- 


: -D mauritiana (D: mau) and. D. orena (D. ore), Additions and deletions- 
- of more than one contiguous base are'counted as as one ne change. eee fe 






















In the Hawaiian ee drosophil 
related genetic distance with time, using th 
Hawaiian Islands. On this basis D. melanogast , 
diverged about 0.8 Myr ago, D. simulans. am 
0.4 Myr ago and D, melanogaster and D. orena perl 
ago (assuming that the genetic distance between D. er 
D. orena is small). However studies of electrophoretic: y 
within D. melanogaster and D. simulans**~** have shown as gr 
a genetic distance between geographically distant popula’ ic 
of D. melanogaster as between these species. It is in 
that comparisons of the DNA sequence of Adh als 
a similar phenomenon, the amount of. variation 
D. melanogaster is, overall, of the same order of 1 mag 





Table 2 Summary of Adh gene sequence changes A 





No. of changes 


Length Aeee 5 ade 
(bp) D.m D.sim D. mau D. ore “Total % 
Adult leader 134403 i o 9 4 
Larval leader 70 1 0 0 
Subtotal 204 4 I 0 
Intron | 648 16 8 I 
Intron 2 67 2 2 1 
Intron 3 70 4 2 3 
Subtotal 785 2 RR 15 
Total | Be bo 7 aa 
non-coding 989 2 Be ETEL 
{coding region) 96 PE a 
Synonymous 24 0 20 Oe ee 
_ Replacement U- eil 0 | 
Exon 2 405 7 | | uo 
Synonymous | 101 I I F 10 15 14.8 
Replacement 304 l i 1 2 4 1.3 
Exon 3 
(coding region) 267 
Synonymous 67 4 0 2 9 15 22.4 
Replacement 200 0 0 l 5 6 3.0 
Subtotal ; 
Synonymous 192 5 3 7 25 40 20.8 
Replacement 576 2 0 3 8 13 2.2 
Total coding 78 7 3 10 33 5 69 
Grand total 1757 33 ë l6 25. 107 IBE ceo 
% 19 09 f 


The numbers of changes from the consensus sequence are sho 














Eat: 30 $0 56 ao r a6 9 103 
TTT. ARAGASCTGC GAAGBICCAR BIERLESATT ALTGTLTCAG 1 TECAGTIBIC ABTTGCASTI CABEABACES BCTAACGAGT 
my oe. cmididce Utes UtthVAGiee AAAS Deruians Aenenbiehs Kis kbe aes. amie prea Rew R Rees a See Shag eee tae 

Sag aa ak ay pagna på am nam nan emer ete le Ae en eT AY We mm mre RN ee tree A mt Crm caren er tr mora whe mbt iN WAY ins rs ar an, mente rms war i AAN nt A ee ee ee ee te n A h 


ore oe tn erm meen C: renee moe mnf aee et T aa mawena em emaa m meea am nm m a meae ara ce eam manaia v 


Lig 128 130 14 136 140 i7 en 99 28h 
ACTTGLAICT CIICARATTT ACTTAATTGR TESASTAAGT A ORISA CACCEAATT GAREGAAATT CTISTTT. AA T-GAATTTAT TATECAGSTE 


AE cere man a te iain eaten ie mem ar memme entree ae tran eran ear rem genet A ni mmm eat ant cer ene ee 





Sia a a senmenn mewn ERE A EO PE mpd IE e a e a A a vË nnen mmea apate seatt a en om pe 


PE cotter eee ee mnaman nu ceamerme mi ea minamana sen mmek ameme niet fae ae ean meme eaten mane te 


A GLE worsens erect ee cafe weenie nawennewn= Faf=-r ve -eun CATT ATECAATOTE BRATAGIRAG AGATCACTAT CACTANTOBT 


ai} 228 230 teit 250 BBR vei z9 £99 398 
CEGASRTAAA ATGACAGTAT TAAARTAG-AR AATATATIT? GTAAAATOAT AT. AATERA ATTTATTCAR TCRAARTTAR TTTARAGTOT CALGASTADT 

BEL crete moana a na e wan T E 3 a e ee ee es E 
ee Se he meui, aaie nme fan a neh mamme, mumm Pime emme ama permet NEMA At Atte we Seat arene am fete e man ms mn 


HAG vr sr anew an aeenawes ee a ere e te me a e eT ee erate eee 
ry 


C.. pre BOABORTART ARAATCARTT GCATECAATC BAAATGAATG CAARCCORCA CAABCAGTAG CAAACETACT ARREAL.... ccscseesee ceseeenens 


we waht He 24 galt 34i 379 380 IH ana 
. GYGARCTOAA TIAATTQGEA TETAATTAAA ATTTOGALAC CPETEICS.. ... AATATIC STCTIBEARA ATCACCIOTT AGTT.AALTT CTARARATAG 


. ge} nE oenen m mm wema vnffr eens ee eh th Mt maaana eon RE an a an ae de aa te daaa apne pm mmr me e me Ore Pe A A oe m 


pig ete Ie ann aan e mmn mfr ree kriman Jat A WY I ERIE ETP TE ERE Don AANA MEER ORNS AUN a amam man l aa AIR A AAE A A e A A A 





ay ane 439 $g 456 430 47% 48 HR 385 
r BANTITIAAC MARLE E CCIGITAATE GELGCERTRE CTIOSTTAGC TATCTCARRS ues SCAGACGAGL AGTAATTTIC CAAGCATCAG 


r Semel AO tert Me me EN WA Re RE aa a eA A AMER mR ROE WR Te ek Te Ap pr en mem er mr ak Sm rN ith ie a et ALA Et de eI one 


Sii 328 339 pi $58 363 376 588 338 bop 
GOAT. ..0. sRETTSEBLA TAARTTATAA saat CEART a TATABARGAA GT i TECCO TACRARATCC CARACAAARA DAARLE ST 


$ na se aoaaa ap an tan veer hem asheww hee wim ma Leese tet “ib iw hash naar es Ma nn eins mn a ime, ew nan Re aA O be, “Gawain be is ea ane’ cade ora te urna 









ih ze 50 bah is kó% å74 48t ai 79§ 
- STRCCRARAA AT... ARS ABTARACCAT SARCTAGRCA queens CGECSELTSA SCAGETTS.. LOSI ALATAS TERAGA, TE SCSTARL SE? 


ca we ome oe 2 AE A NE NN A UE EFS E ARN ERE IER Ae EN AE Re tlt! EOE He tt tee tte BO ha 


n wenef Benen wee oesmen “<TTRCGBBE TATSRABETT Aee<Bifeone <o--ecBipee nee no Pode 


> HA ee) ee 748. 750 740 ma 780 796 804 
| AGATASTGNA ABBCICTIACG TAACCBARGC TICTEBGTA CGBATCTIC® TATAARTACE 66. CCBACAL ee PESACSRCTA ACSEASELET 
i animem atin ieee seri kn Stipes ia anak et E Eve geine we Messe mt 0 eS eae ee 
te gle ha St ae sag AS ng ea ts a irc > apg NRA ipl and ded Ne i ai li ee la ww nage anneal wh cdi ip Wee K 


P a : 
to 38 tate tm he Be aioe A Hs tec mem erm am a Re a eR a AR edt mR A ge I e 


vi H 2. a 
ot eke ete, see Recs a Rap PR oec: T EIEN ee ee | nee eras 


Bis 820 30 848 B30 887 282 
CTIECCATTG AAACAGATOS AAAGAGTCTS CIMAAGTAAS ABABARETCA CE ATE SCG TTT ALT TTG ALC AKC AAG AAC GIG ATT TI git 
WET Ala Phe Thr Les Tir Asn Lys Asn Val He fhe Val 


ae cece ea aan nana naam te opine “Em te ee ee a 
a 


waaa aiem man me e cr ed 


Gja teede ee mume metre merned nmm ienaa eo v henare eae e Se SAR eaa e eA et eth Senet tne aee e m hee m- 
> 


“ ~ - 

BRE corm eee mewamai amaa ma mam eeen emae e a ME an ea Ry ee Re m ne tee 

. a 

[ET Bh re a mai ene cornet at wr in mee ant it | mum ewi mni Jen sea mee mwa mae meb mam en et 
ee 43 


l i$ 


Fig.3 The DNA sequences of the Adh gene of D. simulans (sim), 
D. mauritiana (mau) and D. orena (ore) and D. melanogaster (mel) 
. (Canton- S Adh? allele, H. Haymerie and C. Benyajati, unpublished 
_ data) compared with that of a consensus sequence, which rep- 
= resents the most frequent base at each position. The amino acid 
‘sequence was derived by translation of the consensus nucleotide 
sequence. In the DNA sequence hyphens represent a base identical 
_ to that of the consensus and dots represent gaps, inserted so as to 
Maximize the similarity of the sequences, 
Methods: All sequences were determined by the dideoxyribonu- 
cleotide chain terminating method*®. Genomic libraries of DNA 
from D. simulans (strain C167.4), D. mauritiana (strain 163.1) and 
- DP. orena (strain 188.1) were prepared by cloning in the cosmid 
‘Homer | (ref. 49) after complete digestion with EcoRI. These 
dibraries were probed with a cloned Adh gene from 
“Dv melanogaster, sAC-1 (ref. 25), using the high density colony 
hybridization procedure*’. Hybridization of the Adh clones of 
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these species to whole genomic DNA, digested with EcoRI, confirmed that the fragments cloned were of the same size as the single genomic 


fragments containing homology to sAC-1. The D. simulans sequence was obtained by sonicating the 4.79 kilobase (kb) | 
cof this species that is homologous to sAC-1, and ‘shotgun’ cloning the fragments into Mi3mp8 (ref. 51). The D. mau 


EcoRI genomic fragment 


iana sequence Was 












Oi obtained in part by random shotgun clones of the 4.79 kb EcoRI fragment homologous to sAC-1 and in part from subclones in M13 made 











SAC~L,. 
difference Détween Baas D. melanogaster and D. simulans 


ata” has shown that in mammals the rate of synonymous 
don substitution is rather uniform, at ~5.4 x 107° per nucleo- 
le per year. If we use this value to estimate the time of 
rgence of the species of the D. melanogaster species sub- 
up then we obtain times greater than those suggested by the 
ectrophoretic data: 3.9 Myr for D. melanogaster-D. simulans, 








_ from Hpall digestion of the EcoRI clone. We assumed, and then verified, that the Hpall restriction sites of the 4.79 kb EcoRI clones of D. 
melanogaster and D. mauritiana are similarly distributed. The final 10 bp of D. mauritiana (from the Hpall site at 1,756) was not sequenced. 
The size of the ADH polypeptide of this species, obtained by in vitro translation of its mRNA, is indistinguishable from those of the.other 
species of this. subgroup” . The D. orena sequence was derived from Alu] and Haelll restriction fragments of a 12 kb EcoRI clone (in pATS13) 

at included the entire Adh gene of this species. Subclones in M13 were identified by colony hybridization with a 2.37 kb Sall—Xbal fragment 


2.9Myr for D.simulans—D. mauritiana and 13 Myr for 
D. melanogaster—D. orena. | 

These estimates will be biased by the longer generation time 
of mammals than Drosophila. Moreover, we cannot assume that 
synonymous substitutions are neutral. Codon usage in Adh is 
nonrandom. This is most clearly seen in a deficit in. codons 
ending in A and T, and a corresponding excess of G and C—a 
pattern which is also seen in other sequenced Drosophila genes 
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Fig.4 Trees of the phylogenetic relationships of D. melanogaster, 

D. simulans, D. mauritiana and D. orena generated by M. J. 
<. Bishop's DNAPEQ computer program. The model used by this 
c program makes two assumptions: (1) The genome is under a 
constant mutational threat, damage being repaired by proofreading 
functions of DNA polymerases. The model then assumes a constant 
failure rate of repair at any individual site (u, which is independent 
of any previous events at that site) and calculates a probability 
(1-e°") that failure will occur over time t This is termed the 
exponential failure law. (2) There is an equiprobable chance of 
replacement by A, C, T or G (allowing for a base to be replaced 
by itself). The calculation requires that the sequences be aligned 
for maximum homology. It regards all changes as single base 
substitutions, and all additions, deletions or replacements are 
removed. The upper tree is for sequence comparisons of intron 1, 
the lower tree compares the adult transcripts from their initiation 
sites with the termination codons. The time scale is arbitrary and 
could only be transformed to real time were the rates of mutation 

(u) known. 






data). Nonrandom codon usage is well 
yecies (see, for example, ref. 38) and is 
nes whose products are, like ADH in 






especially mat 
Drosophila, abund 
-domness differs from 
being no strong de: 
data), correlating with 
5-methylcytosine i 
tion and transvers 


Drosophila the pattern of nonran- 







1any other eukaryotes due to there 
of C-G doublets (M.A., unpublished 

very low amount of the modified base 
species*'**. The frequencies of transi- 
ges among the four sequences are 










heavily biased 1 nsitions (Table 3). This is not surpris- 
ing for the coc as no pyrimidine, and only two purine 


transitions. caus 


d replacements, but it was unexpec- 
ted for noncod 


ons, which show a 0.75 ratio of transi- 
tions : tran: ther than the expected 0.5. In the coding 
region there is an excess of pyrimidine transitions: 65% of the 
third positions are pyrimidine, but 82% of the mutations are 
pyrimidine transitions. | 

-i Our data clearly confirm the relationships between the four 
-= species of the D. melanogaster species subgroup shown in Fig. 
2. The sequence of the Adh gene of D. simulans is closer to that 
of Adh? of D. melanogaster than to Adh". Kreitman’s com- 
parison of Adh? and Adh" alleles shows 17 sites at which a 
-consensus Adh? sequence differs from a consensus Adh" 
~ sequence. D: simulans Adh resembles Adh? at 14 of these sites 
(including Lys 193) and resembles Adh" at the other three sites 
(which are not clustered). As Adh" alleles are relatively rare in 
the more tropical populations of D. melanogaster****, these facts 
point to Adh" as being a more recent allele than Adh°. 

Numerical methods of constructing phylogenies have been 
developed which allow a probabilistic assessment of the relation- 
ships among a group of species based upon a defined subset of 
their attributes“. Recently these models have been adapted to 
make use of nucleotide sequence data (M.J. Bishop & A. E. 
Friday, personal communication) and a pairwise method of 
phylogeny analysis has been applied to these data from the 
D. melanogaster species subgroup. We used a program 
(DNAPEQ) that evaluates a maximum likelihood estimate of 
divergence times for pairs of DNA sequences. This program 
uses an exponential failure model of DNA copying error, assum- 





Transitions (t) 
CeT 24 18 
GeA 5 i5 
Sum 29 33 


Transversions (v) 
TeG 4 
Ted 2 
CoA 9 1 
CeG 6 
Sum 21 
Ratio (t/v) 1.3 
The numbers are the sums over the four species of the D, melanogaster 


subgroup of single base changes from the consensus sequence shown _ 
in Fig. 3. aen eg 







ing an equiprobable replacement at a site by any of the fo: 
bases. DNAPEQ calculates a matrix of pairwise divergence 
times (on an arbitrary time scale) and these are. 
construct a tree which best fits the pairwise compariso 
subsets of the sequence data for the four species were 
one was the adult transcript, from its initiatio: te 
termination codon, and the other was intron 1. The two tr 
generated are shown in Fig. 4. They are topologically identical, 
although the estimates of relative divergence times differ. The 
tree based on the adult transcript sequence places D. orena hali 
the distance from the other species as that based on intro 
This, of course, is entirely consistent with the different level 
variation seen in these regions of nucleotide sequence. 
using independently defined criteria for the constr 
cladograms based upon DNA sequence comparisons, the p 
logenetic relationships seen in all previous studies are fi 
confirmed. | ea. 
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The ultraluminous _ 
interacting galaxy NGC6240 
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In the course of checking B lists of IRAS (Infrared 

a Astronomical Satellite) sources to see whether any of the interact- 
- ing galaxies that we have been studying’ were included, we dis- 
` covered that the position of the IRAS source 1650 + 024PO4 (ref. 
<: 2) is within a few arc seconds of one of our programme interacting 
galaxies, NGC6240. Examination of the Palomar sky survey prints 
-shows that NGC6240 is the only non-stellar object within the 
= Tare min IRAS error box for this source. Photometry at 10 and 
~ 20 wm from the United Kingdom IR Telescope (UKIRT) confirms 
that this galaxy is among the most luminous IR galaxies yet 
<- discovered. An interaction-induced burst of star formation is the 
most likely source of the strong IR emission. 
Photometry of NGC6240 using UKIRT was obtained on 29 
a ‘February 1984. We first found the peak in the signal from 
© NGC6240 at K (2.2 um), and we used this position for the 
longer wavelength observations. This position coincides within 
- our measurement errors of ~2 arcs, with the optical and radio 
=- positions discussed below. Our photometric results, obtained in 
a4 arc s aperture, are shown in Fig. 1, together with the published 
“preliminary IRAS data, and available optical and radio data. 
_ This reveals that the IRAS source is indeed NGC6240. 

The nuclear 10-m luminosity of NGC 6240, inferred from 
our UKIRT photometry in a 4arcs aperture, is 1.2 x10" Lo, 
based on the measured redshift’ (7,597 kms~') and a Hubble 
constant H, of 50kms~'Mpc™'. Integration of the spectrum 

< shown in Fig. | yields a bolometric luminosity (Leoi) of 2.4 x 
= 10'* Ls. Most of this energy is emitted in the IR, with the optical 

and radio emission contributing only ~10% of the total. This 
Interacting galaxy therefore has an IR luminosity 60 times larger 
than the archetypal starburst galaxies M82 and NGC253 (ref. 
~ 4), for which Leo~ 4x 10'° Lo. Its IR luminosity is an order of 

-magnitude larger than that of the Seyfert galaxy NGC1068 (ref. 
-> 5), and. comparable with that of Mkn 231 (ref. 6), the most 

luminous IR galaxy known. 

The IR luminosity is most easily understood as arising from 

A massive burst of star formation, in which the radiation from 
ce young, early-type: stars is thermalized by dust, and re-radiated 
-ccin the IR. The quasi-thermal IR spectrum, peaking at ~ 100 pm, 
is typical. of that observed in known starburst galaxies. Compar- 
ing our 10-. and 20-4m fluxes in a 4 arcs aperture with the IRAS 
photometry at 12:5 and 25 ym ina much larger aperture, suggests 
hat about half of the IR emission comes from a region outside 
J central 4 arcs. The spatial. extent of this emission rules out 
A ‘the possibility that the dust is heated by a single compact object 
a in the nucleus, as has been suggested for some Seyfert galaxies. 
<7. However, NGC6240 is clearly not just another starburst 
galaxy. It is at least an order of magnitude more luminous than 
i ypical starburst galaxies, and the recent star formation appears 


















to be extended over an enormous region in excess of 3 kpc, 
significantly larger than is generally found for starburst galaxies. 

A comprehensive picture of the nature of NGC6240 can be 
obtained using available optical and radio studies. Photographs 
presented by Fosbury and Wall’ reveal that it is an extremely 
chaotic interacting galaxy, with a prominent | dust lane and three 
long plumes extending from the central region. Char rge-coupled 
device (CCD) images obtained by Fried and Schulz’ show two 
distinct nuclei separated by ~2 arcs, The spectra of Fosbury 
and Wall, and Fried and Schulz, show intense optical emission 
lines arising from a region extending over at least 10 arc s. These 
authors have used the optical emission line intensities to distin- 
guish between different excitation mechanisms (see ref. 9), and 
they find that the optical emission is characteristic of shock 
excitation. 

NGC6240 is also a very bright radio source with a luminosity 
at 1,413 MHz (ref. 10) of 4.2 x 107? W Hz7' Sr`'. The Very Large 
Array (VLA) maps of Condon et al. 10 show that the radio 
emission is coextensive with the region of intense optical line 
emission. The two nuclei are also clearly resolved at 4,885 MHz. 
Other bright radio galaxies in the Condon et al. sample have 
an IR (10 wm)-to-radio (1,445 MHz) flux density ratio of ~4. 
They suggest that this relation can be understood in terms of a 
starburst model, with the radio emission arising from supernova 
remnants associated with the starburst. Comparing our 10-~m 
flux density with the radio flux density for NGC6240 measured 
by Condon et al. for the central S arcs gives a ratio of 0.5. 
Evidently a simple starburst model is inadequate for NGC6240, 
and an additional energy source for the radio emission is 
required. Fosbury and Wall’ suggest that the strong radio 
emission in NGC6240 is due to relativistic particles accelerated 
in the shock fronts. This interpretation appears to be more 
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Fig. 1 Continuum spectrum of NGC6240. Data from: @, this 

paper; O, ref. 2; (0, ref. 7; W, ref. 8: A, ref. 15 and A, ref. 10. The 

dashed interpolation i is a Rayleigh-Jeans Spectrum with emissivity 

proportional to A~' joined smoothly to the data at longer and 
shorter wavelengths. 
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consistent with the small IR-to-radio flux density ratio we find 
_ for this galaxy. 
_ The physical picture of NGC6240 which emerges from all of 
these studies is that of an interaction between two gas-rich 
galaxies. If the impact parameter is small enough, dynamical 
friction will be adequate to dissipate the orbital kinetic energy 
and a merger of the two galaxies will ensue, as discussed by 
Toomre'' and others. Such interactions produce large non- 
circular gas motions and infall of material as the colliding 
galactic nuclei spiral towards each other. The resulting shocks 
in this material can trigger a massive burst of star formation. 
NGC6240 seems to be a clear example of this process. The two 
nuclei, and the strong evidence of shock excitation on large 
scales, support this model. Furthermore, the thermal character 
of the IR spectrum, the very large IR luminosity, the spatial 
extent of the IR emission, and the corresponding spatial extent 
: “ofthe ionized gas are strong circumstantial evidence of a massive 
- burst of star formation, fuelled and triggered by the interaction. 
These physical processes and events in NGC 6240 are similar 





finding in studies of interacting galaxies. NGC6240 is remark- 
able because it is such a spectacular and energetic example. — 

There is mounting evidence that interactions are associated 
with other types of active galactic nuclei!*-'*, The properties of 
NGC6240 outlined above demonstrate that this association has 
physical plausibility. In particular, interaction-induced_ star- 
bursts are capable of supplying luminosities at least as large as 
those characteristic of all but the most luminous active galaxies. 

We thank Norna Robertson and James Graham for stimulat- 
ing discussions on the physics of interacting galaxies and Dave 
King for assistance in measuring the source position. G.S.W. is 
an SERC-supported research student. 
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Mass-accreting white dwarfs in close binary systems are generally 
thought to be Type I supernova (SN I) progenitors. Low-mass 
(Mo. 5 Mo) binary X-ray sources (also known as Type H 
sources) equally appear to be the descendants of cataclysmic 
variables (CV) and thus to have been produced by the collapse of 
a mass-accreting white dwarf. We point out here that a single 
process, thermonuclear ignition inside a partially solid, carbon— 
oxygen white dwarf, may account for the full range of phenomena: 
from mildly or non-explosive collapse . 
remnant up to ‘slow’ to ‘fast? SN I outbu 
of the parent star. 
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sources, it cannot explain the other kind of sources. Be 


s leaving a condensed _ 
rsts with total disruption - 











Type I supernovae (SN I) display a high degree of photo 
and spectroscopic homogeneity’. The radioactive decay model? 
successfully accounts for their characteristic light curves. 
Between 0.2 and 1.0 Mo of "Ni should be synthesized in each 
explosion; the exact values dep dopted value of the. 
Hubble constant: Hy ~ 100 km: would correspond to 
the lowest masses and would imply a condensed remnant being 
left by the explosion”. Despite the aforementioned homogeneity, 
some range of variation is detected among the outbursts®: ‘slow’. 
supernovae show higher peak luminosities, higher velocities in. 
their ejecta and slower declines in their light curves: ‘fast’ 
supernovae are dimmer, the velocities of the expanding material | 
are lower and the light curve’s decay is faster. Those characteris- 
tics are well fitted by Arnett’s analytical models’. An ‘effective. 
diffusion time’ 7„ is defined: E 







TmX (M3,/ Myn)” 


where Maj and My; are, respectively, the masses of the ejecta 


cos processes and events in NGC6240 are similar and of the synthesized “Ni. Larger 7, values mean slower light 


luminosities are also related to the above quantities by 



















tj (Myi/ Mo)? 

and 
Pe ee 
The most fashionable model for explaining the outbursts in 
ves central deflagration of a white dwarf in a close binary syst 
leaving no remnant", but this model implies a ‘unique’ configu 
ation and does not allow for variation (M,, coincides with M 
and the latter is roughly the Chandrasekhar’s mags). Differe 
explosion mechanisms (helium detonation, helium-car 
detonation, and so on) may then be invoked, but their predi 
contradict the observations, as almost no intermediate 
elements are ejected in those models. A natural way fo f 
the light curves is, however, to assume that Ma is ava 
fraction of M,,,. Other types of observations, as positron: 
at the galactic centre”’'’, also suggest thermonuclear ey : 


ak © Myi 


with relatively small amounts of ejecta''. a 
Type Ii galactic X-ray sources (comprising globular clu 
sources, galactic bulge sources, Sco X-1 type sources, an: 
bursters) share the common characteristic of involving a neut 
star with a low-mass (M < 1 Mo) companion. While the ca 
mechanism might be a valid explanation for the globular c 





the distribution of X-ray galactic bulge sources and tha 

novae in M31 show a remarkable coincidence”, Collaps: 
white dwarf in a cataclysmic variable is the most likely formati 
mechanism", Res 

We thus have a situation which strongly suggests that mass _ 
accreting white dwarfs in close binary systems may at some — 
point collapse and/or explode leaving condensed remnants of Er 
various masses: from practically the same mass as the collapsing 
white dwarf up to zero mass in the case of complete disruption. © 
In contrast, there is almost no model which predicts such a 
continuous range of behaviour. 

The effects of solidification in cooling carbon—oxygen white 
dwarfs have been pointed out'*. One possibility is that car- 
bon/oxygen separation happens at phase transition: oxygen 
‘snow’ falling to the centre and carbon being rejected to the 
outer layers. The likely outcomes" are either collapse initiated _ 
by the electron captures on oxygen at the centre or off-centre - 
carbon ignition. With the lack of a detailed numerical simulation- 
of the liquid/solid phase transition, we consider other alterna- 
tives, such as ‘percolation’ in the solid phase'®: the free energy _ 
is lower when the carbon ions imbedded in an oxygen lattice 
are surrounded by oxygen ions. So, if carbon were even only ea 
slightly less abundant than oxygen at the end of the helium: - 
burning (as the recent revision of the '*C(a, y)'°O rate sug- _ 


; gests'’), the relevant rate for the ignition would be that of- 


°C +'°0 instead of °C +°C. Central ignition would occur when 


the central density p-~10'°gcm™> and would also lead to 








collapse. But even if carbon were more abundant than oxygen 
and/or no separation mechanism were operating solidification 
would still ensure at least partial collapse. This is because when 
thermonuclear ignition happens in the middle of a solid, the 
burning propagates by conduction. (the successively melted 
layers only afterwards become convective). The characteristic 
speeds are between 1074 and 10°° times the local speed of 
sound”. Taking into account the new corrections to the electron 
screening factors’? the ignition density of the reaction '*C + aa © 
becomes p,~3.5x10°gcem™*. For instance, assuming the 
interior to be solid from the centre out to a radius 5x10’ cm 
(about half the stellar radius), it takes ~ 500s for the conductive 
burning front to reach the edge of the solid core (in contrast 
with ~I s if we had assumed a convectively-driven front, or 
~0Q.1s for a detonation wave). Even at those relatively low 
ignition densities, the electron captures on the matter in nuclear 
statistical equilibrium (NSE)” are fast enough to remove pressure 
efficiently and start the collapse: 7,= = Y./Y.<5s (where Y. 
js the electron mole number). When the burning front reaches 
the fluid layers, it changes into a convectively-driven front and 
“accelerates. 

=. Calculations were performed assuming central ignition in a 
-white dwarf with a central density of 3 x 10’ g cm~?, with a solid 
core of one-tenth of the total mass, composed of a mixture of 
equal parts of carbon and oxygen. While the burning propagates 
‘through the solid core at a velocity of 2kms™' hydrostatic 
equilibrium was assumed. When the burning front reaches the 
_solid/liquid transition, the material between that point and the 
layer corresponding to | Mo was instantaneously incinerated. 
Then the hydrodynamical behaviour was followed with an 
‘explicit numerical code’. 

Our results are preliminary because we have extrapolated the 
approximations used for the matter in NSE to higher densities 
and lower Y, than prescribed, and the hydrostatic/hydrody- 
‘namic transition should be treated more carefully. In the same 

way, burning propagation in the solid, as well as in the fluid, 

layers needs a more detailed treatment. Keeping these restric- 
tions in mind, we conclude that the liquid layers are ejected 
and the solid/fluid transition sets a lower limit to the mass of 
the bounded remnant. Due to the low densities of those layers 
(p < 2.35 x10" g cm™°) the neutron excess of the ejected matter 
is not too high ((n)~ 3107). 

Thus, the mere solidification of the star’s interior appears to 
determine the implosion of the frozen layers on carbon ignition. 
The burning front, when reaching the still fluid layers mimics 
an off-centre ignition. A single parameter (the size of the solid 

core, resulting from the interplay between the cooling time 
before mass transfer and the heating effects of the accretion 
process?) determines the amount of matter ejected. So, the 
whole range from mildly explosive collapse (leading to the 
formation of Type II X-ray sources) to ‘fast’ and ‘slow’ SN I 
might be covered by a single mechanism based on a well under- 
¿stood physical process. 

This work was supported in part by the CAICYT of the 
Ministerio de Education y Ciencia Espafiol and by the CIRIT 
of the Generalitat de Catalunya. 
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Olympus Mons, one of the largest known shield volcanoes in the 
Solar System, covers an area of >3.2 x 10° km’ and has a diameter 
of >600 km, excluding its vast aureole deposits. The structure is 
five times larger than the largest shield volcano on the Earth. It 
is situated on the north-west flank of the Tharsis volcanic region, 


a broad topographic rise on the martian surface. The volcano has 


three physical subdivisions: the summit caldera, the terraced upper 
flanks, and the lower flanks, which terminate in a scarp 2-10 km 
high that nearly surrounds the structure. A large block of images 
of the Tharsis region, including Olympus Mons, was obtained by 
the Viking mission'. Here we present a topographic map of Olym- 
pus Mons, compiled using various combinations of stereo pairs of 
these images, together with stereoscopic perspective views gener- 
ated by image processing techniques. 

The contour map of Olympus Mons was compiled at a scale 
of 1: 1,000,000 with a contour interval of 200 m, using 91 stereo- 
scopic models of Viking Orbiter photographs’. Special photo- 
grammetric techniques were used for this compilation. These 
techniques had been developed to use the Viking Orbiter photo- 
graphs, which have extremely narrow field-of-view’, for the 
systematic mapping of Mars. Three hundred and sixteen control 
points were produced from a block of 103 ‘photographs using 
analytical aerotriangulation methods. Digital elevation data 
were collected from stereo models on the analytical plotter at 
the time of map compilation, Using techniques of digital image 


processing’ shown in Fig. 2, perspective stereoscopic views were " 


made at various vertical viewing angles from different desired 
azimuths. The summit caldera and the terraced upper flank are 
viewed monoscopically from the east and the west in Fig. 2a 
and b, respectively; the scarps of the lower flanks are viewed 
stereoscopically from the north and the south-east in Fig. 2c 
and d. | 

Previous estimates of the height of Olympus Mons ranged 
from 17 to 23 km above the surrounding area*'*. A height of 
27 km above the Mars topographic datum’? is shown on the US 
Geological Survey 1:25 million scale, global topographic map 
of Mars'*, which was compiled by synthesizing remotely-sensed 
data from the Mariner 9 Mars mission and Earth-based radar 
observations'*"'©. The newly compiled topographic map (Fig. 
1), shows the elevation of Olympus Mons to be 26,400 m above 
the Mars datum. The volume determination of Olympus Mons 
calculated for individual segments bounded by contour lines on 
Fig. 1 is given in Table 1. 

Olympus Mons has the general form and slope of a classic 
terrestrial basaltic shield volcano*'”'*, Major topographic 
features include a complex caldera at the summit that is ~80 km 
across, upper flanks that form a concentric pattern of terraced 
terrain, and a steep basal scarp. The summit caldera is composed 
of at least five coalesced collapse craters'’. Concentric terraces 
on the upper flanks are prominent on the east, south-east, west, 
and south-west sides’’. Typically, the terraces are spaced 15- 
20km apart. The unique, nearly continuous, basal scarp rises 
more than 10km above the basal plains on the north and 
north-west, (Fig. 1); on the south-east, the scarp rises 4-Skm 
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Table 1 Volume determination of Olympus Mons 


Elevation Volume of Accumulated Elevation Volume of Accumulated Elevation Volume of Accumulated 





(km) segment (x 10° km?) (km) segment (x10° km?) (km) segment (x10° km?) 

26 0.0004 0.0004 17 0.073 0,336 9 0.223 1.553 
25 0.006 0.007 16 0.088 0.424 8 9.236 1.789 
24 0,013 0.020 15 0.103 | 0.527 a 0.247 2.036 
23 0.022 0.042 14 0.120 0.647 6 0.262 2.298 
22 0.029 0.071 13 0.140 0.787 5 0.296 2.594 
21 0.035 0.106 12 0.158 0.945 4 0.365 2,959 
20 0.043 0.149 i] 0.180 1.125 3 0.436 3.395 
19 0.052 0.201 10 0.205 1.330 2 0.467 3.862 
18 0.061 0.263 


Volumes were calculated, using a planimeter, for individual segments bounded by contour lines on the map (Fig. 1). The third column lists 
cumulative volumes, measured downward from the top in increments of 1 km. Blasius’® reported a total volume of 2.7 x 10° km? for Olympus Mons 
and Bealty** reported a volume of 3-4 x 10 km°. From the new map (Fig. 1) we calculate a total volume of 2.594 x 10° km? for the part of the 
volcano above the 5-km elevation. Assuming a density of 3.0 g cm~? (ref. 26), we estimate the topographic mass of Olympus Mons to be 7.782 x 10'8 
kg above the 5-km elevation. If estimated volumes between elevations of 2? and 5km are added to this calculation, the total volume above the 2-km 
contour is 3.862 x 10° km°. This, in turn, gives a total mass of 11.586 x108 kg above the 2-km elevation. 





Fig. t| Topographic map of Olympus Mons. Scale of the map, 1: 1,000,000; contour interval, 200 m. Contours and elevations are in metres 
and are referred to the Mars topographic datum. A transverse Mercator projection was used with the central meridian placed at 134 °W lano 
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Fig. 2 Perspective views of Olympus Mons. Pictures were generated by digital image processing, from Viking Orbiter photograph646A28. 

Projection is controlled by digital elevation data collected at the time of the map compilation (Fig. 1). Viewing angle is 25° from the horizon. 

Vertical exaggeration, x5. a, b, Monoscopic views from due east and due west; c and d are stereoscopic views from due north and from the 

south-east, respectively. Both stereo pairs have 5° separation in azimuth between the left and the right pictures. A stereoscope may be used 
for stereoscopic viewing. 
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Fig. 3 Profiles measured from the topographic map (Fig. |) of Olympus Mons. All afe drawn so that they pass through the approximate 
centre of the summit caldera at 18.4° N lat. and 133.45° W long. 
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e mean abs = dope ing o is the algebraic 
standard distribution ‘of the slope. d-d, Slopes measured along 
NE-SW, NW-SE, N-S and E-W directions respectively. The slope 
base is 5km. These profiles, which were derived using a method | 
of terrain analysis employing slope-frequency distributions ™ "+, 
show the mean absolute slopes measured along the NE-SW, NW- 
SE, N-S and E-W directions, to be 3.08°, 3.17°, 3.94° and 3.89°, 
respectively. The algebraic standard slopes are 4.14°, 5.08°, 5. 54° 
and 5.52°. Although the flank surface appears slightly smoother 
along its NE~SW direction, the surface of Olympus Mons shield 
is generally rough. 


above the plains. Beyond the scarp, curvilinear troughs and 
ridges form a grooved terrain, the aureole deposits, which sur- 
round Olympus Mons. These deposits are some of the most 
puzzling features of the Olympus Mons region! 

Figure 3 shows profiles measured from the map along the 
east-west, north-south, north-east-south-west and south-east— 
north-west directions. Slopes are divided, by elevation, into three 
groups. Within the 2~7-km interval, slopes of 2° 3° prevail; 
slopes of 8°--24°, between 7 and 16 km, are steeper mainly 
because there are several steep scarps within this elevation range; 
upper slopes, from 13 km to the outside rim of the caldera at 
24 km (refs 2,22), measure 2.5°-6.5°. 

This study was performed under NASA contracts W-14585 
and L-9718. 
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Isotopes are not normally considered to be distinguishable i 
X-ray crystal structure analysis. There is, of course, no prob 
as far as neutron diffraction is concerned, as neutron scatte! 
amplitudes vary markedly and irregularly from one nucli 
another’. In particular, the neutron scattering amplitudes of pr 
tium and deuterium have opposite signs so that these two isote 
are especially easily identified. Indeed, in a key experiment 
20 yr ago, this difference was used together with th 

neutron scattering of “Li to establish the absolute configuratie 
of an enzymatically formed a-monodeuterioglycolic acid? 
discuss here the possibility of distinguishing deuterium from 
tium by X-ray diffraction on the basis of the difference i 
vibrational behaviour of the two isotopic species. Ea 

Least-squares analysis of sufficiently accurate and éxtensi 
diffraction data provides information not only about the ator 
positions but also about the vibrational behaviour. This inform 
tion is usually expressed as the components of a tensor U 
each atom, whereby the product Į" U;l is the mean-square vibras 
tional amplitude of the atom i about its equilibrium positionin 
the direction of the unit vector I (ref. 3). For light X-ray scatterers, = 
such as hydrogen atoms, the tensors U; are usually contracted: 
into scalars U, (isotropic vibrational parameters) which rep- 
resent the spherically-averaged motion. 

Examination of the results of recent lowetemperntite X-ray 
crystal structure studies indicates that isotropic U values (mean- 
square vibrational amplitudes) of hydrogen atoms in small to . 
medium-sized organic molecules are typically in the range 150~ 
300 x 1074 A? at temperatures around 100K (refs 4-10). They 
are usually larger than equivalent isotropic U values of the 
heavier atoms, partly because of the effect of internal molecular 
motions and partly because the hydrogen atoms tend to be 
situated on the outside of the molecules and hence further from 
the molecular rigid-body librational axes. The correspond- 
ing reported standard deviations of U,, (as derived by least- 
squares analysis) are typically ~30-40 x 1074 A? for reasonably 
good quality 100K measurements and are perhaps as low. 
as, say, 15-20 x 1074 A? for data sets of the highest qualit 
available. - 

This is about the precision level that would be required: woi oe 
distinguish isotropic U of protium from that of deuterium at > 
the 20: (98% probability) level. For example, from tables of —_ 





















Table 1 Isotropic U values (<1 0%) for hydrogen atoms obtained by least-square 
analysis from data sets I, H and HI with different weighting schemes 


morana arane 








W o w= 1/o7( Fo w= 

U d(X-H) U d{X-H) U d(X-H) 
Data set (A’) (A) (A’) (A) (Ay (A) 

HQ) I 98 (30) 0.996(13) 
Hl 105(24) 0.994(11)  95(20) 0.977(9}) 120(27) 1.09 
m 84(25) 0.991(12) 72(20) 0.959{(9)  105(28) 1.09 
HOL 188 (35) 0.985 (15) | 
193 (29) 1.004(12) 194(24) 0.940(10) 224 (34) 1.09 
$90(32) 1.00912) 17625) 0.936 (11) 221 36) 1.09 

H(32) 224 (38) 0.999.(15) 
239 (32) 1.022(12) 175(23) 0.944(10) 264 (36) 1.09 
19133) 1.030(12) 141{24) 0.951 (10) 212 (36) 1.09 

H(41) 23739) 0.976 (16) 
242(32) 0.961(13) 313(30) 1.003 (12) 361 (42) 1.05 
267 (37) 0.966(14) 29131) 1.029(12) 383 (47) 1.05 

H(42) 344(47) 0,929 (18) 
315(37) 0.908(15) 394(33) 0.808(13) 443 (49) 1.05 
303(40) 0.919(16) 394(35) 0.827(14) 408 (49) 1,05 

H(43) 285 (43) 0.910(16) 
| 292 (36) 0.859(14) 356(32)  0.940(12) 497.51) 1.05 
334(42) 0.882(15) 362(35) 0.983 (13) 495 (54) 1.05 

H(44) 304(44) 0.920 (17) 
225(32) 0.915(13) 224(26) 0.944(11) 379 (44) 1.05 
266 (38) 0.922(14) 27330) 0.982(12) 409 (49) 1.05 





o Bond distances obtained from the same calculations and involving the hydrogen 
atoms are also given. Estimated standard deviations are in parentheses. 


¿| molecular vibrational frequencies for propane and 2,2-D>- 
© propane’', the equivalent isotropic Up and Up can be estimated 
to be 119x1074 A for the CH, group and 84 x 1074 A’ for the 
CD, group at 100 K. The difference of 35 x 10~* A? should be 
_ detectable by X-ray diffraction even if the presence of various 
= systematic errors in this method could raise questions about the 
absolute level of the Uu values obtained. 

We decided to try to determine by X-ray analysis the relative 


.. configuration of the two. stereogenic centres in deuterium- 


~ labelled malic acid obtained by enzymatic addition of D30 to 
fumaric acid. Although the answer to this stereochemical ques- 
- tion was given more than 20 yr ago’*'*, we took the problem 
up again for methodological reasons, not because of any doubts 
about the earlier conclusion. Meanwhile an independent confir- 
- mation has been provided by a neutron diffraction analysis of 
the crystalline (+) (R)-a-phenylethyl ammonium salt of 2S-3-D- 
< malate'* prepared enzymatically from fumaric acid in a similar 
“way as in the present study. Malic acid itself does not seem to 
= yield suitable well-formed crystals, and we finally settled on the 
 mono-ammonium salt’? as the best candidate for an accurate 
low-temperature X-ray diffraction study, a choice that in 
retrospect may not have been optimal for reasons discussed 
below. 
First, to test whether standard deviations of the structural 
“parameters from such an experiment were reproducible, we 
measured two independent low-temperature data sets for the 
 wndeuterated compound: different crystal specimens, different 
 diffractometers, different low-temperature devices, slightly 
different temperatures (~95 K), and different limiting reflection 
spheres. We refer to these as data sets I (extending to sin 
-ØJ A =0.90 A“! at 93 K) and II (extending to sin @/A = 1.19 A™ 


at 95 K). | 


The results obtained with these two data sets do not differ in 
any important respect. As far as the heavy atoms are concerned, 


‘atomic positions agree within a few 10°* A and vibration para- 


5 -meters within. a few 107° A*. The hydrogen positions and 


isotropic U values are sensitive to the scattering factor and 


weighting system used in the least-squares analyses. Indeed, as 
Table 1 shows, the variations in the Uy values produced by 

nging the weighting system within data set II are as large 
"as, or sometimes even larger than, the differences between values 
_ obtained from the two data sets using the same (unit) weights. 
For atom numbering see Fig. 1. The hydroxyl and carboxyl 
< hydrogens, which are engaged in strong hydrogen bonds, are 
-Jess well defined than the others and have much larger Uy values 
-in both analyses. The ammonium hydrogens, which are also 








H4 





H43 


Fig.1 Stereo view of molecule, showing atomic numbering. Vibra- 
tional ellipsoids are based on data set I] and are drawn at the 50% 
probability level?’. 


engaged in hydrogen bonds, have larger U values, presumably 
because of rigid-body librational motion of the ammonium 
group. For the three hydrogen atoms attached to carbon, there 
is nearly perfect agreement between the Uy values obtained 
from the two data sets using the same (unit) weights (see Table 1). 

This comparison encouraged us to measure diffraction data 
for a crystal of the mono-ammonium salt of a malic acid sample 
prepared by enzymatic addition of D,O to fumaric acid by 


means of a fumarase preparation from pig heart (Boehringer, 


Mannheim). Our target was the determination of the relative 
configuration of the two stereogenic centres, the traditional one 
at C(2) bearing the hydroxy! group and the new one resulting 
from isotopic substitution at C(3).. 

Considerable pains were taken to ensure that the diffraction 
data for the deuterated crystal (data set HI) were measured as 
closely as possible in the same conditions as data set II for the 
undeuterated compound. Indeed, the two sets of diffraction 
measurements including unit-cell dimensions and their tem- 
perature dependence are so similar that they could easily be 
taken for duplicate sets of measurements for the same com- l 
pound. A parallel, almost perfect correspondence holds for the 
positional and vibrational parameters of the heavy atoms derived 
from the two data sets with matching weights (Table 2). In 
particular, the U; components of the heavy-atom vibration 
tensors agree to within a few 1074 A? units. However, some of 
the differences, although small, are systematic. First, the b axis 
of the deuterated crystal is measurably (~0.01 A) longer than 
that of the undeuterated crystal. This is the direction with the 
largest coefficient of thermal expansion and is perpendicular to 
the well-defined layers of molecules that constitute the crystal 
structure. Table 2 shows that a corresponding increase in the 
mean-square vibrational amplitudes U, of the heavy atoms in 
this direction is just detectable. 

The U,, values obtained from data sets I and HI show greater 
variation but they could still also be taken as belonging to the 
same compound. However, given that one of the two methene 
atoms is protium and one deuterium, the heavier isotope can 
be identified as H(32) with high probability. On going from data 
set II to data set IHI this atom shows a decrease in Up amounting 
to 30-50 x 10°* A*, depending on the weighting system, whereas 
its partner H(31) shows nearly constant behaviour. As far as the ~ 
other hydrogen atoms in this comparison are concerned, some 
show a slight decrease, some an increase, and some erratic 
behaviour. Given that the configuration at C(2) is S, the one at 
C(3) is then assigned as R, in agreement with previous con- 
clusions'*~"*. 

Unfortunately, the standard deviations of the vibration para- 
meters are ~50% larger than we had hoped to achieve. One 
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Table 2 Positional parameters (for C, N and O atoms x 10°, for H atoms x 10*) and vibrational parameters (all x 10°) for mono-ammonium 2S-malate (upper value) 
and 2S-3-p-malate (lower value) at 95 K 





X n 


D 


x y z Uii 
lI 92,965 (6)* 86,828 (8) 3,737 (5) 84 (1) 
Ill 92,932 (7) 86,810 (8) 3,736 (5) 8S (1) 
C{1) 54,602 (6) 85,629 (7) 25,965 (5) 50(1) 
54,590 (7) 85,630 (8) 25,977 (5) 51 (1) 
C(2) 35,128 (6) 90,278 (7) 26,797 (5) §2(1) 
35,118 (7) 90,292 (8) 26,811 (5) §2(1) 
C(3) 25,395 (6) 77,788 (8) 35,102 (6) 59 (1) 
25,401 (7) 77,835 (9) 35,151 (6) 60 (1) 
C(4) 7,209 (6) 84,138 (8) 38,049 (5) 59 (1) 
7,211 (7) 84,169 (9) 38,085 (5) 59 (1) 
O(1) 26,941 (5) 90,245 (6) 14,768 (4) 66 (1) 
26,911 (6) 90,215 (7) 14,784 (4) 66 (1) 
O(2) 63,384 (5) 86,954 (7) 36,098 (4) 63 (1) 
63,382 (6) 86,986 (8) 36,106 (5) 63 (1) 
O13) 60,568 (5) 80,966 (6) 15,597 (4) 70 (1) 
60,546 (6) 80,933 (7) 15,609 (4) 70 (1) 
O14) 4,532 (6) 96,146 (7) 44,864 (5) 103 (1) 
4,519 (7) 96,141 (8) 44,917 (6) 103 (1) 
O(5) —§5,342(5) 75,681 (7) 32,471 (5) 62(1) 
—5,334 (6) 75,728 (8) 32,479 (5) 63(1) 

x y 2 U 
H{11) 3,404 9,584 833 443 (48) 
3,392 9,555 817 495 (54) 
H(21) 3,375 10,253 3,113 120 (27) 
3,369 10,247 3,123 105 (28) 
H(31) 2,423 6,594 3.014 224 (34) 
2,400 6,595 3.029 221 (36) 
H(32) 3,204 7,680 4.418 264 (36) 
3,210 7,662 4,420 212 (36) 
H(41) 9,031 9,731 —188 361 (42) 
9,041 9714 —206 383 (46) 


Uz Us, Ui: U3 Un 
176 (2) 90 (1) -2 (1) 4 (1) -5 (1) 
175 (2) 91 (1) =3 (1) 4(1) ~6 (2) 
110(2) 90 (1) —3(1) 1(1) -6 (1) 
111 (2) 89 (1) -3 (1) 0 (1) -5 (1) 
115 (2) 94 (1) O(1) 1(1) —2(1) 
114(2) 94 (2) 0(1) 1(1) —2(2) 
164 (2) 120 (2) 10(1) 111) 41 (2) 
165 (2) 120 (2) 11 (2) 11 (1) 40 (2) 
161 (2) 79 (1) —3(1) 3(1) 5(1) 
161 (2) 78 (1) -4 (1) 3(1) §(2) 
177 (2) 96 (1) —3(1) -10 (1) 34 (1) 
177 (2) 96 (1) -4 (1) -11 (1) 33 (1) 
255 (2) 101 (1) 16(1) -17 (1) -45 (1) 
258 (2) 102 (1) 17 (1) —17 (1) —46 (2) 
180 (2) 88 (1) 10(1) 9(1) -17 (1) 
180 (2) 88 (1) 10(1) 9(1) —18(1) 
219(2) 156 (2) 0(1) -2 (1) -75 (2) 
221 (2) 156 (2) 0 (2) —2 (1) -76 (2) 
207 (2) 142 (1) =5 (1) -8 (1) —S1 (1) 
210 (2) 141 (2) =5 (1) -8 (1) -51 (1) 

x y Z U 

H(42) 8,170 8,377 892 443 (49) 
8,158 8,362 878 408 (49) 

H(43) 10,403 8,852 948 497 (51) 
10,413 8,829 938 495 (54) 

H(44) 9,662 7,744 ~264 379 (44) 
9.676 7,760 —274 409 (49) 

H(51) —1,702 8,046 3,374 $17 (53) 
—1,714 8,020 3,375 441 (51) 
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* Standard deviations are in parentheses. 


reason for this is the markedly anisotropic character of the 
molecular translational vibration tensor T, due to the strongly 
layered nature of the crystal structure. For a given atom type, 
standard deviations of vibrational parameters are closely linearly 
dependent on the vibrational parameters themselves. Thus for 
the carbon atoms from data set II (unit weights, Table 2) o( U;) = 
8.9 +0.00908 U,, (units of 107° A*) and for the hydrogen atoms 
(unit weights, Table 1) o(U)=17.2+0.00630 U (units of 
107 A’). 

A general reduction of the Uy values would therefore have 
been very helpful in reducing o( U;,) towards the desired level. 
This is one reason for thinking that mono-ammonium malate, 
with its strongly layered crystal structure, may not have been 
an ideal choice for our experiment. It is also unfortunate that 
the methene carbon C(3) is the one that shows the largest 
vibrational motion, a motion that is unavoidably transmitted to 
the hydrogens it carries. Nevertheless, our experiment suffices 
to show that with present measurement techniques, the distinc- 
tion by X-ray diffraction between protium and deuterium atoms 
in a medium-sized organic molecule is just possible. 

Even with large and accurately measured data sets, the X-ray 
method cannot be expected to match neutron diffraction in its 
ability to distinguish between protium and deuterium. However, 
the much wider availability of the X-ray method calls for a 
critical examination of its potentialities in this direction. We 
therefore draw attention to several points that will have to be 
considered by anyone hoping to improve on our work. 

First, the crystal chosen for study should have smaller, less 
anisotropic, vibrational parameters than the one we chose. A 
slight gain could have been achieved with our crystals by lower- 
ing the temperature, but probably not enough to make a sig- 
nificant improvement. 

The use of a noncentrosymmetrical, chiral crystal for an 
experiment of this kind can hardly be avoided as the isotopically 
labelled, enantiomerically-pure compound must crystallize in a 
chiral arrangement. At most, crystals of such a compound could 
be pseudo-centrosymmetric. However, there are well known 
difficulties associated with the refinement of nearly centrosym- 
metric structures in noncentrosymmetric space groups'®. From 


a symmetry breakdown involving merely a difference between 
U,, values of two hydrogen atoms, the chance of a successful 
resolution seems to be remote. 

The weighting problem also merits more careful attention 
than we have devoted to it. The problem with ‘normal’ weights 
(inversely proportional to variances) is that too large a weight 
is assigned to the weak, low-order reflections, which are just the 
ones most affected by the insufficiency of the free-atom formal- 
ism. The contamination of the resulting atomic parameters by 
the deformation density is especially severe for the hydrogen 
atoms, leading to the characteristic displacement of these atoms 
towards their bonded partners and also to less easily recogniz- 
able errors in the vibration parameters. These errors in the 
hydrogen parameters reduce the value of the weighted residual 
Sw (AF,) and hence of the standard deviations as estimated 
from the least-squares analysis. 

Refinements using only high-order reflections give positional 
and vibrational parameters that differ perceptibly from those 
obtained from full-data refinements'’. Provided that the high- 
order data are sufficiently extensive and accurate, the so-derived 
parameters are less contaminated by the valency electron density 
and hence, in general, closer to the true values (that is, those 
obtainable from a neutron-diffraction experiment). High-order 
refinements on data sets II and III (HO, Table 3) led to heavy- 
atom parameters with estimated standard deviations less than 
half of those derived for the full-data refinements and listed in 
Table 2. The C(2)-H(21) distance refined to 1.08(2) and 1.10(3) A 
respectively, that is, virtually to the correct value. The other 
C-H, N-H, and O-H bond distances still showed deviations 
(mostly shortenings) of 0.03-0.10 A. Thus, the high-order reflec- 
tions contain considerably more signal from H(21!) with its 
appreciably lower Uy than from the other hydrogen atoms. In 
fact, as Table | shows, there is an evident correlation between 
apparent C-H bond length and Uş: the smaller the C-H dist- 
ance, the smaller the Uy. This introduces an additional element 
of uncertainty into the determination of the latter quantities. 
One possibility is to constrain the C-H, N-H and O-H bond 
distances to their correct values. This leads to U values that 
are larger, have larger standard deviations, but are more uniform 
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Table 3 Experimental details for three sets of X-ray diffraction measurements 
on mono-ammonium 2S-malate (data sets I, II) and mono-ammonium 2S-3-p- 
malate (data set IIT) 


Data set |) Il 11 (HO) Ill HI (HO) 
Temperature (K) 93 95 95 95 95 
sin@/A range (A™') 0-09 0-1.19 O.7-1.19  0-1.19 0.7-1.19 
No. of observed 

reflections 2,280 5,097 3,996 5,106 4,006 
No. of reflections 

with [>3e (1) 1,882 3,977 2,929 3,888 2,829 
No. of variables 128 128 128 128 128 
Weight | | 1/a°( Fo) | 1/o7( Fo) 
R(F) 0.021 0.023 0.017 0.023 0.015 
RAF) 0.024 0.029 0.017 0.032 0.015 


between the two data sets II and III (except, of course, for 
H(32), which shows a drop of 50 x 10~* A’). In retrospect, given 
that the hydrogen atoms H(31) and H(32) do not scatter sig- 
nificantly at high angles, our experimental effort might have 
been better spent by making two duplicate sets of measurements 
out to a lower sin 6/A limit, say, 0.9 A~'. 

Another question concerns the possibility of measuring the 
components of the anisotropic tensor U,, instead of just the 
contracted scalar U,,, for the vibrational amplitudes of the 
hydrogen atoms can be expected to be far from isotropic. The 
difficulties are formidable, and no attempt to accomplish this 
from X-ray diffraction data has been convincing. 

Finally, there is the question of whether anything might be 
gained by expressing the static deformation density in para- 
metric form, and refining the additional parameters together 
with the usual positional and vibrational parameters by the 
least-squares method. If sufficient data were available, the 
decrease in the weighted residual could more than compensate 
for the increase in the number of parameters, leading to a 
lowering in the standard deviations of the positional and vibra- 
tional parameters. 

The X-ray measurements were carried out on two different 
Enraf-Nonius CAD4 diffractometers each equipped with a 
graphite monochromator (MoKa radiation, A = 0.7107 A) and 
a modified Enraf-Nonius gas-stream low-temperature device. 
Temperature fluctuations monitored by a thermocouple for data 
set I and by a PT100Q resistor for data sets II and III were less 
than +0.5 K during the experiments. 

The two compounds were recrystallized by slow evaporation 
of an aqueous solution at about 293 K. Different crystal speci- 
mens were used for data sets I and II (space group P2,2,2,). 
Unit-cell dimensions at 95 K were obtained by least-squares 
refinement of setting angles for 24 reflections with 20 values in 
the range 96° to 105°: data set II, a = 7.6386(7), b =8.0254(7), 

= 10.5873(8) A; data set III, a=7.6366(6), b=8.0351(8), 
c = 10.5840(8) A. Integrated relative intensities were obtained 
by w, 26 scans. 

The room-temperature coordinates'* served as starting point 
for our least-squares refinements (X-ray-system'*). Final posi- 
tional and vibrational parameters, listed in Table 2, are based 
on full-matrix least-squares analyses using scattering factors for 
neutral atoms'””° and including an isotropic extinction correc- 
tion. Additional experimental details for the three data sets are 
summarized in Table 3. 

We thank Professor Duilio Arigoni for encouragement and 
for comments. 
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Microgranitoid enclaves in granites— 
globules of hybrid magma 
quenched in a plutonic environment 


R. H. Vernon 


School of Earth Sciences, Macquarie University, 
North Ryde (Sydney), New South Wales 2113, Australia 


Microgranitoid enclaves (autoliths, cognate xenoliths, mafic 
inclusions) are common in high-level granitoid plutons. They have 
relatively fine-grained igneous (microgranitoid) microstructures’, 
and many show evidence of having flowed in a magmatic condition’. 
These features counter interpretations that the enclaves represent 
transformed solid fragments of diverse wall rocks*~* or restite™"’. 
An alternative interpretation is that the enclaves represent globules 
of mafic magma that have mingled (‘commingled’) and quenched 
in the granitoid host magma'*"®. A detailed review of the 
literature, occurrence, morphology and composition of micro- 
granitoid enclaves strongly supports this view, but indicates that 
the enclave magmas range in composition from mafic to felsic, 
and that magma-mixing may be involved in their formation'’. I 
summarize here the main features of microgranitoid enclaves and 
briefly outline the possible processes leading to their incorporation 
as magma globules in the host granitoid. 

The microgranitoid enclaves occur in both I-type and S-type 
high-level granitoid plutons'”’'*. Their abundance is not related 
to pluton contacts nor the number of hornfels xenoliths’, and 
they are typically much more abundant than hornfels or other 
xenoliths'’. Their distribution may be locally uniform, but is 
commonly irregular, and they may be concentrated in swarms’. 
They are generally unrepresented among the exposed country 
rocks’. 

The microgranitoid enclaves typically have rounded to ovoid 
shapes'’, though sub-angular and, more rarely, angular enclaves 
may be present*. Some have cuspate margins, with lobes convex 
towards the host granitoid. Elongate enclaves are markedly 
ellipsoidal to lenticular, and are aligned in areas of the granitoid 
that show a prominent primary flow foliation’, especially near 
the margins of the pluton’. Their alignment and degree of 
elongation correlate with the intensity of the flow foliation in 
the host granitoid*'’. Neither enclave nor granitoid show micro- 
structural evidence of crystal plasticity or recrystallization, so 
that the extension appears to have been accomplished by relative 
movement of crystals and melt; that is, when they were in a 
magmatic condition'’*'’. 

The enclaves generally have uniform, random microstruc- 
tures, though some have finer-grained margins. Some have flow 
alignment of plagioclase or hornblende crystals, which may be 
parallel to the enclave margins and may be deflected around 
phenocrysts. The enclave microstructures are typical of fine- to 
medium-grained igneous rocks, consisting commonly of euhe- 
dral phenocrysts of zoned plagioclase, with or without quartz, 
biotite, hornblende (in I-types) or orthopyroxene + cordierite (in 


x 


`i 




















S-types), set in a groundmass rich in biotite and euhedral laths 
of zoned plagioclase, commonly with interstitial to poikilitic 
quartz, and/or K-feldspar'’. They typically contain apatite 
needles, indicative of magma quenching”. They have composi- 
ionally and microstructurally similar counterparts in calc-alka- 
line volcanic rocks'*'*?'?; many of these contain interstitial 
glass and some have skeletal, zoned crystals of hornblende and 
plagioclase, indicating a magmatic condition'?'*72, 

The enclaves are darker and finer-grained than their host 
granitoids, but although some are mafic’®, most are intermediate 
to silicic. Many compositional varieties may occur together. 
The mineral assemblages in the enclaves are generally the same 
as those in the host granitoid, but the proportions and composi- 
tions of the minerals are typically different”"”, 

_, Magmatic orthopyroxene + cordierite + plagioclase in the 
` Microgranitoid enclaves of the S-type Cowra Granodiorite, New 
South Wales, Australia'*, indicate crystallization at relatively 
low confining pressures (100-200 MPa)**. If these enclaves are 
representative, microgranitoid enclaves appear to crystallize at 
pluton emplacement levels, which agrees with the observation 
atively high-level plutons”°. 





that they are restricted to relativ ' | 

The inference that the enclaves were globules of magma at 
the time that the flow occurred can explain the typical rounded 
| to cuspate shapes of the enclaves. The rounded shapes appear 
. to be primary, rather than due to rounding of angular, solid 
_ fragments, because nearby hornfels xenoliths generally show 
little or no rounding. The more angular enclaves could be 
fragments of solid, quenched igneous rocks, but they could also 
be magma fragments, because magma may break (like pitch) 
under rapidly applied stress°. 

The relatively fine-grained microstructures indicate relatively 
rapid crystallization; that is, quenching of magma in the plutonic 
environment. Examples of mafic (mafic to intermediate) magma 
quenched against felsic magma are common in volcanic???>"8, 
subvolcanic'***7?! and plutonic!®'??% 2-37 environments, as 
discussed in detail elsewhere'’. The process involves magma 
mingling, whereby rounded to cuspate globules and streaks of 
the. more mafic magma become dispersed through the felsic 
magma. The more mafic magma crystallizes more rapidly (form- 
ing finer-grained aggregates) than the felsic magina, because it 
is more undercooled than the felsic magma”, once thermal 
equilibrium between the two has been established. Mafic enclave 
\ magmas would be much more strongly undercooled than their 

` graintoid host magmas’. However, even where the enclave and 
granitoid magmas are fairly similar in composition, the more 
mafic enclave magma can crystallize more rapidly, because small 
differences in the degree of undercooling can give rise to marked 
increases in nucleation rate and marked decreases in growth 
rate”, 

The origin of the magma that produced the enclaves is a 
matter for speculation, as examples of magma mingling show 
only that magmas can intimately coexist, not how they origi- 
nated''. Though felsic and more mafic calc-alkaline magmas 
are chemically miscible, th 
particularly if small volumes of the more mafic magma are 


enclosed in large volumes of felsic magma and if stirring is _ 


minimal”“’, because chilling increases the viscosity of the 
more mafic globules, as well as promoting rapid crystalliza- 
tion. 

Enclave magmas conceivably could be derived from: (1) partly 
crystallized, quenched margins of the granitoid'**! (if this can 
account for the evidence of hybridism and the observed compo- 
sitional range of enclaves in a single pluton), (2) repeated 
mingling of a variety of more mafic (?)hybrid magmas injected 
‘into, or fortuitously encountered by, the granitoid, or (3) a more 
mafic lower layer in the pluton that is partly mixed with the 
granitoid magma’’. Careful isotopic studies could conceivably 
indicate whether the enclave magmas are closely related to the 
granitoid magma” (for example, either differentiates of it or 
separate batches of (?)hybrid magma from the same or an 
isotopically similar source) or whether they involve contribu- 
‘tions from unrelated magmas”, 





LETTERS TONATURE—-— 


, they can remain separate", l 








One way of producing the observed compositional variati 
of the enclaves is by magma mixing, which involves homogen 
ation of the two melts (in contrast to magma mingling). Th 
common presence of plagioclase with resorbed or dendri 
cores, K-feldspar megacrysts with oligoclase rims, and rounded 
quartz xenocrysts with fine-grained mafic rims indicates that 
many enclave magmas are related in origin to rocks showing 
mineralogical evidence of hybridism™?®*, for example, the 
Skye marscoite, for which magma mixing is commonly postu- 
lated™™*?. Therefore, the enclave magmas may be products of 
magma mixing", either in the same pluton”, or at a site removed 
from the actual magma mingling in the pluton, as commonly 
appears to be so for clear examples of magma mingling? 

Reid et al.'° recently presented clear evidence of the mingling 
of felsic magma with more mafic magma globules in the Sierra 
Nevada, California, adding that solution and disintegration of 
the resulting enclaves contaminated the surrounding granitoid. __ 
However, in my experience, microgranitoid enclaves typically _ 
show little or no evidence of disintegration, and the surrounding — 
granitoid is generally not obviously modified”. Furthermore, 
disintegration of enclaves should disseminate finer-grained - 
material than is typical of granitoids. The tendency of enclaves 
to be more abundant in more mafic granitoids*'* ma 
simply to local accumulation of enclaves and precipi 
tals“. The common coexistence of enclaves of variabl 
tion’’ and the microstructural evidence of hybridism suggest _ 
that the compositional variety of the enclave magmas was pro- 
duced away from the exposed site of final mingling. Further- 
more, reports of ‘lamprophyric’ dykes with corroded xenocrysts, 
resembling enclaves in adjacent granitoids”*°, suggest that 
enclave magmas can exist either independently of, or as a 
separate layer in, their host granitoid magma bodies. 4 
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Cohen and ‘O’Nions' iiad that basalts from the Mid-Atlantic 


‘Ridge (MAR) display greater diversity of Pb, Nd and Sr isotopes 


~: than do basalts from the East Pacific Rise (EPR). They attributed 
ae, this difference not to greater isotopic heterogeneity beneath the 


ae > but - rather to more effective mixing (to eradicate 
< hetero eneity) ‘beneath the EPR. Allègre et al.” reached the same 








data. To test this idea f urther, I compare here the average spreading 
rate of nine portions of the mid-ocean ridge system with the 
measured *’Sr/*°Sr diversity of basalts. This shows that the 
mum observed *’Sr/**Sr diversity is inversely proportional to 
ding rate. Furthermore, globally averaged eruption rates for 
derived rocks of intra-oceanic island arcs, ocean islands 
mid-ocean ridge system exhibit a negative correlation with 
®7S1/*°Sr diversity. These results suggest that the upper mantle is 
e rywhere h e erogeneous on a smali scale and that the extent of 
< observed heterogeneity is a function of mixing. Independent 
a geophysical and petrological evidence for the existence of steady- 
< state crustal magma chambers beneath fast-spreading ridges and 
< their absence below slow spreading ridges favours this hypothesis 
a because mixing is enhanced by the presence of a magma chamber. 
~ Alternatively, mixing during melt production in the mantle, during 
Z “melt segregation or during ascent could also result in the observed 
patterns if the degree of mixing is related to eruption rate. Large 
_- heterogeneities (mantle plumes?) are required to explain why 
-~ isotopic variations are well correlated geographically in some 
= -places but not in others. 
Several workers have suggested that the sub-oceanic mantle 
~~ source for basalt melts is ubiquitously heterogeneous on a small 
seale**. A ‘plum pudding’ mantle of this type can, on melting, 
produce suites of basalts with variable *’Sr/*°Sr. The variability 
$ depends partly on the sizes of the isotopically heterogeneous 
-regions compared with the size of the region undergoing batch 
A melting. Batch melting of regions that are large compared with 
“> the sizes of isotopically a domains will produce a 
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Fig. 1 Plot of *’Sr/*°Sr range (A) against spreading rate for the 
data of Table 1. Numbers in parentheses are the number of samples. 
_ IND, Indian Ridge; NA, North Atlantic; SW IND, south-west 

Indian Ocean Ridge; F, FAMOUS Area; JF, Juan de Fuca Ridge; 

GSC, Galapagos Spreading Centre: PR, Pacific-Rivera (21°N); PC, 

Pacific~Cocos and PN, Pacific Nazca Ridge. For available high- 

precision analyses of glasses and carefully leached samples, there 

is an inverse correlation between the maximum strontium isotope 
diversity of MORB. and the spreading rate. 


homogeneous melt with isotopic. characteristics that approach 
those of the bulk source. On the other hand, batch melting of 
smaller regions produces melts that selectively sample the 
heterogeneities. Melting of several such small isolated regions 
would produce a suite of melts with diverse isotopic characteris- 
tics that, as a group, reflect the isotopic diversity of the source 
rather than its average bulk characteristics. 

Likewise, if the size of the melt region is held constant, melts 
produced by batch melting of plum pudding mantles would be 
expected to have isotopic characteristics that vary as a function 
of the extent of partial melting*’*. Small degrees of partial 
melting would selectively sample mangle domains having lower 
solidus temperature because of enrichments in volatiles, large 
ionic lithophile (LIL) elements and *’Sr and larger extents of 
melting would result in dilution of this melt fraction with melt 
from more refractory LIL-poor mantle domains”’’. Suites of 
isotopically diverse melts could be produced in this way by © 
lateral, depth or temporal variations in the extent of partial ` 
melting. 

Isotopically diverse melts that are ¢ generated simultaneously 
in neighbouring regions of a plum. pudding mantle by either 
variable extents of batch melting or variable size of melt region 
or both, may ascent and erupt without mixing to produce isotopi- 








Sr-isotopic, spreading rate and eruption rate data 


Table 1 
| Spreading 
Highest Lowest å Data No. of rate 
Location 87S 1/*°Sr 8767 /*°Sr S/Sr/ Se sources samples (mm yr‘) 
Indian Ocean 0.70397 +9 0.70262 + 3 0.00135 42 7 16-20 
SW Indian Ridge 0.70372 +6 0.70267 +4 0.00105 17 l 13 17.2 
North Atlantic 0.70357 0.70251 0.00106 15 19* 10-20 
North Atlantic 0.70346 +4 0.70231 +6 0.00115 l6 12 10-20 
Juan de Fuca Ridge 0.70263 + 6 0.70237 +6 0.00026 14 29 30 
“Pacific-Nazca Ridge 0.70287 +5 0.70251 45 0.00036 1,43,44 | 7 150 
Pacific-21°N ~ 0.70264+ 8 0.70247 £6 0.00017 45 5 60 
=o FAMOUS Rift 0.70296 + 6 0.70276 + 11 0.00020 45 i 20 
Galapagos Spreading Centre 0.70307 +3 0.70248 + 4 0.00059 46 27 65-70 
T Pacific-Cocos 0.70259 +3 0.70250 +4 0.00009 4 2 100 
Eruption 
3x rate? 
ca Mid Ocean Ridges—compilation 0.0012 7 on 22 
~ Ocean Islands—compilation 0.0042 7 va 1.5 
7 


Intra-Oceanic Island Arcs—compilation 






K Mean ie: 
3 From ref. 18. 


0.0029 ic ae: 
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ae | ee = 
log eruption rate (km? yr” +) 


Fig. 2 Plot of *’Sr°*Sr range (A) against global, time-averaged 

eruption rate for mid-ocean ridges (MOR), ocean islands (OIB) 

and intra-oceanic island arcs (101A)'* Sr-isotope compilations are 
` from ref. 7. 





cally diverse lava suites. Alternatively, mixing of these dreie 
batches in the mantle or crust could partly or completely 
homogenize the diverse melts. 

Table | is a compilation of published ranges of high-precision 
*’Sr/*°Sr data for mid-ocean ridge basalts (MORB) with corres- 
ponding spreading rates''"'*. These are measured values for 
. fresh glasses and carefully leached crystalline basalts. Figure | 
' shows that the maximum observed range of ®’Sr/**Sr is inversely 
correlated with spreading rate for MORB; smaller ranges of 
variation are possible for smaller geographical subsets or may 
be artificially created by insufficient sampling. Ideally, of course, 
this sort of comparison is most meaningful if normalized to 
equal ridge crest lengths that are sampled with uniform density. 
Unfortunately, the available data are too fragmentary for this, 
or for rigorous statistical analysis of the variation along all ridge 
crest segments. Note that Fig. 1 contains data for ridge crest 
segments that display coherent geographical patterns of isotope 
variation (like the northern MAR'*'*) as well as slow-spreading 
ridges that do not (like the south-west Indian Ocean Ridge.'’) 

Table 1 also gives *’Sr/®°Sr data compiled by Morris and 
Hart’ for mantle-drived intra-oceanic island arcs, oceanic 
islands and the mid-ocean ridge system together with globally- 
integrated average eruption rate estimates of Crisp'*. For these 
data, average eruption rate is inversely correlated with diversity 
of *’sr/*sr (Fig. 2). This agrees with the MORB data if the 
eruption rate at mid-ocean ridges is proportional to spreading 
rate. 

Future additional sampling and analyses will be required to 
determine whether the patterns of Fig. 1 hold up or are merely 
artefacts. For future sampling of ridge crests it is important to 
distinguish between the axes of normal ridge crests and small, 
sree pea! diverse seamounts that may be present near the 
ridge’. In addition, recently discovered petrological effects at 
ridge transform intersections”?! may be important, so it is 
crucial to know the locations of transforms and ridge off-sets?*"*. 

If these general patterns are confirmed, there are several 
possible explanations for their existence. It is possible, of course, 
that the mantle sources of slow-spreading ridges are simply more 
heterogeneous than the sources below fast-spreading ridges. 
Alternatively, the extent of contamination of basalt magma may 
be related to spreading rate™*. These seem unlikely, however, 
and I prefer to interpret these patterns in terms of melting of a 
plum pudding mantle associated with or followed by varying 
amounts of homogenization caused by mixing. This is reasonable 
in view of the large amount of independent geophysical and 
petrological evidence for the spreading rate dependence of 
steady state crustal magma chambers beneath ridge axes’. It 
“is also possible, of course, that mixing takes place i in the mantle 
during melting’ 32 segregation”? or ascent’’. Evaluation of 
this possibility must await better understanding of the thermal 
structure beneath ridges, their temporal variability and possible 


feed back and buffering of the thermal and rheologic Meet) | 


of the mantle by melting and magmatic ascent processes” 
If our preferred interpretation of the pattern in Figs | and 2 is 


correct, it has important implications for the nature and size of 
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mantle reservoirs, their convective mixing “l and their thermal o 
and differentiation histories. e 
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The distributions of dissolved trace elements in the oceans result 
from a complex series of biogeochemical processes. Historically, 
most models describing the cycles of these elements have been 
formed around high quality data for the distributions of the 
dissolved elements’. I report here a detailed vertical profile of 
particulate vanadium and estimate its particle-associated flux. This 
flux suggests a surface depletion of dissolved vanadium which is 


verified by the first detailed determinations of dissolved vanadium P 


in several profiles from the Pacific Ocean. 

Particulate matter was collected from the upper 1,500 m of 
the Panama Basin by a large volume filtration system "(LVFSY.. 
The samples were collected in July 1976 and again in March 
1979 from the same location, 0° 44'N, 86° 10'W. The chemistry, 


biology, and vertical flux of material in the 1976 samples have _ . 
been reported elsewhere? and a discussion of the 1979 samples _ x 






is in preparation. Samples for dissolved vanadium analysis were oo 
collected from this site and several other Scano in nthe ic th oe 
Pacific Ocean (Table 1). os 





































ee “Table 1 Hydrographic data and vanadium concentrations in vertical j 


profiles from the North Pacific Ocean 


ocehtration of E Citak EE TE in the >53 pm 

es is shown in Fig. 1. The basic form of these two vertical | 
| es is driven by the distribution of total particulate. mass’. 
The strong surface maximum is associated with the primary | 
: roduction of biogenic particulate matter. However, terrigenous 





Depth Temperature Potential 


(m) CC) 
MANOP S 
i 26.97 
50 26.86 
100 13.47 
150 11.51 
200 10.87 
300 9,936 
350 9.61 
400 9.321 
450 8.97 
497 8.435 
546 7.868 
595 7.47 
693 6.34 
742 5.901 
890 4.985 
988 4.518 
1,185 3.853 
1,280 3.592 
1,478 3.122 
1,675 2.722 
1,872 2.362 
2,070 2.11 
2,267 1.96 
2,677 1.794 
2,975 1.698 
3,472 1.551 
4,625 1.444 
4,772 1.442 
4,904 1.432 
Galapagos 
10 24.94 
40 20.67 
80 17.87 
120 
200 14.52 
250 13.54 
300 12.16 
350 10.66 
400 9.40 
500 7.73 
600 6.96 
800 5.62 
1,000 4.63 
1,150 4.02 
1,900 2.39 
2,200 2.11 
2,300 2:12 
2,400 2.07 
2,460 2.07 
Subarctic Pacific 
30 8.24 
100 4.86 
200 3.93 
400 3.79 
506 3.68 
600- 3.48 
- 800 3.13 
1,000 2.79 
1,250 2.47 
1,500 2.21 
2,000 1.84 





O: 


PO, 


V 


salinity (ymol!~') (pmol) (inoi my 


34.676 
34.671 
34.588 
34.730 
34.720 
34.693 
34.679 
34.664 
34.643 
34.609 
34.575 
34.561 
34.526 
34.527 
34.533 
34.555 
34,369 
34.578 
34.596 
34.611 
34.628 
34.642 
34.657 
34.666 
34.673 
34.681 
34.693 
34.695 
34.694 


34.577 
34.589 
34.650 
34.656 
34.655 
34.655 
34.669 


32.499 
32.893 
33.758 
34.009 
34.126 
34.190 
34.284 
34,347 
34.419 
34.462 
34.526 


205. 
229 


12.5 
14.3 


0.08 
0.03 


32.0 
32.6 
33.3 
34.4 
34.9 
35.0 


ome Samples from MANOP, Site S a IPN, 140W) were collected in May 
a WY} were collected in March 






9, a and i those from the subarctic ie Pacific GEN 


„150° P in June 1981, 
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matérial is TTA an ‘important carrier + of particutate vanadium. 


The compositions of fine suspended particulate matter and 
- ‘material from sediment traps in the deep Atlantic” show excellent 
correlations between vanadium and aluminium at crustal ratios 
Although there was significantly more biogenic and. terrigenous \y 
particulate matter in the water. column. during March 1979, the ` 
~ concentration of particulate vanadium was higher during July 
1976. The V/Al ratio in the surface. sample from the 1976 


Galapagos profile was 2.4 x 107? , which is more than one order 
of magnitude higher than the crustal ratio (8.5 x 10°*). The ratio 
in the deeper samples dropped rapidly towards the crustal value 
as the biogenic material was remineralized. The same ratio in 
the March 1979 samples was near to the crustal value throughout 
the water column. The v/ Al ratios in particles collected from - 
sediment traps in the eastern tropical Pacific and. from the 
underlying sediments (J. Dymond and R. C. unpublished data) 
are also near the crustal values. The flux to these traps 
(~0.7 nmol V cm~ yr~') also matches the accumulation rate of 
vanadium in the sediments. This emphasizes the refractory 


ae V (pmol kg~") (> 53ym) 
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Fig. 1 Concentration of vanadium (pmol V per kg seawater) in 
particles larger than $3 am. The samples were collected in situ by 

a filtration technique’ that separates three particle size fractions 
(<1, 1-53, and >53 pm) from large volumes of water (2-20 m 34, 
Thus, the sampling method permits the collection of larger sized 
particles which, although rare, settle rapidly enough to- dominate 
the vertical mass flux in most environments >". The. size- 
frequency distribution of the particulate matter on the filters is 
determined microscopically and, when combined with estimates — 
of settling. rates for each particle class, yields an estimate of the  — 
total vertical mass flux. This is combined with the bulk chemical — 
composition of the particulate material to estimate the flux of each 
chemical component. Particulate vanadium was determined by 
instrumental neutron activation analysis*® of the >53 ym size - | 





fraction. Data shown are samples from the Galapagos site conerter ee Pe 


int a, a 1976; b, March 1979. 
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Fig. 2 a, Calculated’ vertical flux of particulate. vanadium: b, 


resulting production or remineralization of vanadium due to 
changes in the particle flux. 


nature of the vanadium in these deep samples. Clearly, the 





‘biogenic’ vanadium seen near the surface 
is very labile and does not contribute sign 
flux. 


as inter-annual variations in productivity associated with the 
complex equatorial current systems“. The 1976 data were collec- 
ted during a low productivity event caused by El Nino condi- 


tions? which may have resulted in the observed differences 


between the two particulate vanadium profiles. The nature of 


the vanadium association with organic particulate matter i$ 
unknown, as is the case with most other trace metals’. Although , 


there is a vanadium(III) oxygen carrying protein in some 


ascidians®, its significance to pelagic vanadium cycling is doubt- 
ful. There may, however, by labile vanadium enrichments in 


related organisms such as salps. Other organovanadium com- 
plexes (such as tetrapyrroles) found in marine sediments’ are 
stable diagenetic products of prophyrins. 

Vertical flux estimates for vanadium from the 1976 profile are 
shown in Fig. 2a. These fluxes are based on the concentration 
data (Fig. la) and estimates of the bulk mass flux’. The flux 


reaches more than 10 nmol Vcm™ yr™' at 60 m but drops off by. 
an order of magnitude below 200 m depth. Based on the ob- 


served particle compositions’, vanadium behaviour in the upper 


vanadium out of the surface 


3.5nmol Vem™ yr’. 





|. occurs solely through exchange with dissolved vanad 
p estimated fluxes also rep tth d depl 

| < eration rate. TI 
This region of the oceans is subject to Diges seasonal as well : 





marine vanadium cycle by using a simple vertical two- 0 


water column parallels the formation and decomposition of 
particulate phosphorus at a constant V/P ratio of 4x 10~°. Using 
this ratio with an estimate of the global flux of particulate — 
a „phosphorus? (0.87 panel Pem? yr`') yields an estimate of the 
| ocean of- 


average ‘specific’ vanadium (normalized to a salinity of 35. 
‘was 32.7 nM in these Pacific surface waters and 36.4nM 
deep Pacific. Based on the pelagic : 
dissolved vanadium in the o ocean with respect to its rive: rinpa ee 
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Fig. 3 Dissolved distributions of vanadium showing surfa ce 
depletions: a, MANOP site S; b, Galapagos site: c subarcii 
Pacific. The analysis for dissolved vanadium was made by atomic. 
absorption spectrometry using a graphite furnace atomizer. Fi 
preconcentration of the vanadium, the acidified samples : 
buffered to pH 4 and the trace elements were co- -precipitated with 
cobalt-APDC'®.. The. method. recovers both V(Iv) and VG 
oxy-anions from seawater with an efficiency of 80%. The limito 
detection using 35 ml of seawater is 1 nmol V per kg ene th 
precision is: 0. 4 nM (10) at 350M vanadium.. 


Assuming that the vertical profile is in steady state, a i chi 
in the flux as a function of depth requires in situ production « 
remineralization of particulate vanadium (Fig. 26). If this chang 


is rat can be compared with other flux 





model"! . Depletion of vanadium from surface waters must be. 
balanced by primary inputs, including riverine and atmospheric a 
inputs as well as physical exchange with deeper water. The 
riverine”? and „atmospheric“ ' inputs probably- supph. a 
0.4 nmol V cm” yr`' such that at least 85% of the particulate - 
flux estimated from the LVFS data must be supplied by exchange 
of depleted surface water with the deep ocean. At an average 
volume exchange rate of 3.5 m yr™' distributed over the ocean 
surface, the surface water reservoir should be depleted in 
vanadium by about 8 nmol l™' relative to the deep reservoir. 
When these flux estimates were completed", very little data 
existed for the concentration of vanadium in seawater’, and 
none had been generated using currently-accepted sampling 
methods. Especially lacking were any high-quality profiles from 
the Pacific. Therefore, vanadium was analysed in samples collec- 
ted from the Pacific specifically for trace metal analysis. The — ve 
hydrographic data and concentrations of vanadium are given - 
in Table 1 and the distributions are presented in Fig. 3. Asurface 
depletion of V is clearly demonstrated, although the magnitude 
is about one-half that predicted by the particulate data. Th 














sic data, the residence 


is ~5x 10° yr. 
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Significant processes affecting the concentration of trace 
= metals at the ocean margins (such as increased scavenging, 
_ diffusion from sediments, or inputs from rivers) have been 
 jdentified through the examination of surface water samples 

collected on transects moving away from coastal regions'®'*. 
The specific vanadium concentrations in surface samples taken 
along a transect off California (at 39° 38'N) had an average value 
of 32.4 nM (similar to the pelagic values) and showed no system- 
atic change near the coast. 

The marine geochemical cycles of metals are often affected 
by their involvement in redox cycles'””°. Major concentration 
changes result from direct changes in solubility as a function 
of oxidation state and scavenging by fresh hydrous metal oxides 
produced near oxygen interfaces. The specific vanadium con- 
centration within the anoxic zone of Saanich Inlet, British 
Columbia was ~26nM which is somewhat lower than the 
pelagic value. However, there were no systematic changes in 
the concentration of vanadium with depth that related to other 
redox parameters. __ 

These pelagic distributions are consistent with other recently 
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some variations in its dissolved surface depletion exist. The 
simple box model applied to estimate the surface depletion is, 
at best, a crude approximation of the oceans and the 1976 data 
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I thank J. Edmond, J. Bishop, J. Dymond, M. Lyle and M. 
Lilley for helpful discussions; and A. Chen. M. DeAngelis, C. 
Perhats, and M. Sparrow for collecting samples. This research 
was supported by the College of Oceanography, Oregon State 
University. 


13. Duce, R. A., Ummi, C. K., Ray, BJ. & Atimoto, Trans. Am. geophys, Un. Abstr. 63, 987 (1982). 

14, Collier, R. W. & Edmond, J. M. Trans. Am. geophys. Un. Abstr. 61, 1007 (1980). 

18. Moris, A. W, Deep-Sea Res. 22, 49-54 (1975). 

16. Boyle, E. A., Huested, 8. S. & Jones, S. P.J geaphys. Res. 86, 8048-8066 (1981). 

i7. Nozaki, Y., Thomson, J. & Turekian, K. K. Earth planet. Sci. Lett. 32, 304-312 (1976). 

i8. Bruland, K. W. & Franks, R. P. in Trace Metals in Sea Water (eds Wong, C. S., Boyle, E., 
Bruland, K. W., Burton, J. D. & Goldberg, E. D} 395-414 (Plenum, New York, 1983). 

19. Spencer, D. W. & Brewer, P. G. J. geophys, Res. 76, 5877-5892 (1972). 

20. Emerson, $., Cranston, R. E. & Liss, P. S, Deep-Sea Res. 26, 859-878 (1979). 

21. Collier, R. W. Trans, Am. geophys. Un. Abstr. 63, 989 (1982). 

22, Zhou, J-Y., McDuff, R. & Murray, J. W. Trans. Am. geophys. Un, Ahsir, 63, 989 (1982). 

23. Huizenga, D. L. & Kester, D, R. Trans. Am. geaphys. Un. Abstr. 63, 990 (1982). 

24. Martin, J. H. & Knauer, G. A. Trans. Am. geophys. Un, Abstr. 63, 960 (1982). 

25. McCave, 1. N. Deep-Sea Res. 22, 491-502 (1975). 

26. DeSoete, D., Gijbels, R. & Hoste, J. Neutron Activation Analysis, chem. analyt, Ser. 34, (1972) 


Radium fluxes from a salt marsh 


Marsha S. Bollinger & Willard S. Moore 


s _ Geology Department, University of South Carolina, Columbia, 
South Carolina 29208, USA 





Dissolved **Ra (half life 1,600 yr), Ra (half life 5.7 yr) and 
` MRa (half life 3.64 days) activities in estuarine and coastal waters 
higher than values reported for open ocean or river waters have 
been explained by desorption and diffusion of radium from coastal 
and estuarine sediments“. Fluxes of radium isotopes from sedi- 
ments in Long Island Sound, the Hudson River estuary, 
Chesapeake Bay and Winyah Bay, South Carolina, have been 
estimated from mass balances, diffusive bottom fluxes and desorp- 
tion from suspended sediments’ ’. These estimates may not be 
correct if salt marshes which are intimately associated with 
“estuaries and the coastal ocean are an additional source or sink 
of radium‘. In this study Bly Creek, a small marsh-tidal creek 
system near Georgetown, South Carolina, was chosen to determine 
the flux of Ra and its great granddaughter, **Ra, from the 
sediments to the tidal creek water. We find that the highest 
activities of ?“Ra and 7 Ra in the tidal creek waters occur during 
low tide, but Ra activity remains relatively constant throughout 
the tidal cycle. Fluxes of 7“Ra and **Ra calculated from mass 
balances required to support the observed activities in the creek 
_ waters and measured directly using a flux chamber are consistent. 
‘hese measurements reveal a large input of radium from the marsh 
<1; sediments to the overlying waters. To produce the necessary fluxes, 
> irrigation and bioturbation must replace interstitial water in the 
| top 5 cm of the marsh sediments every 2~3 days. 
-Surface water samples collected at approximately 40-min 
_ intervals over two tidal cycles were processed for radium isotope 
~ determinations. Water velocity and depth were measured simul- 
taneously. The activity ratios ***Ra/?*°Ra and ”*Ra/* Ra were 
-determined by y-ray spectrometry and absolute "Ra activities 

















were determined by radon emanation’’. Absolute “Ra and 
228Ra activities were calculated from the activity ratios and the 
absolute **°Ra activities. **°Ra activities remained constant and 
net water flux was essentially zero throughout the study. 

The ***Ra and ***Ra data describe two straight lines when 
plotted against the height of water at the sampling site in Bly 
Creek (Figs 1, 2). The highest activities of radium occur during 
the lowest tide heights. We conclude that this linear relationship 
between water depth and radium activity must represent dilution ` 
of high-activity marsh waters with low-activity ocean water. 
Thus, radium must be supplied to the creek waters from the 
marsh sediments to maintain the high activities observed at low 
tide. The only other potential source, groundwater, can be 
excluded because salinities did not vary significantly in Bly 
Creek during the study. 

If Ra in the marsh system is in steady state, that is, if the Ra 
exported during ebb tide is balanced by production and release 
of Ra from marsh sediments, we can use mass balances to 
determine Ra fluxes from the sediments. 


AAt 


where Fra is the flux of Ra from the sediment; Vou is equal to 
V.„ the volume of water exchanged during one tidal cycle; Ragu 
is the Ra exported from the marsh (d.p.m.1”'); Ran is the Ra 
imported from the coastal ocean (d.p.m. O; A, is the area of 
marsh flooded at high tide; and Az, is the time in one tidal cycle 
(12h). , 

Measurements of Ra isotopes in nearby coastal waters reveal 
that activities of 7*Ra and ***Ra are quite low (of the order of 
0.2-0.3 d.p.m. 175°? and for a first approximation can be neglec- 
ted when compared with the activities observed in the marsh 
waters (1-3 d.p.m.1”'). Thus, equation (1) simplifies to 


Fra (1) 


 VomRaou 
AAt 


Topographic data are used to estimate the volume of water 


Fra 
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Fig. 1 Map of marsh surrounding North Inlet, South Carolina. 
Location of primary sampling site on Bly Creek (33°20' N 79°12’ E) 
is indicated by the arrow. Bly Creek drains the sandy sediments 
between ancient beach ridges, one of which is labelled Goat Island. 


leaving the marsh on the ebb tide, Vau The average activity of 


 Tadium over one tidal cycle, Ray, is 2.1 d.p.m. 1! for 22*Ra and 


1.0d.p.m.1~' for Ra (Fig. 2). Thus, the fluxes of 24Ra and 
“Ra are 2x107 d.p.m.cm™?s5~! and 1 x 10°’ d.p.m. em™? 57! 
respectively. | a 

‘To determine whether these fluxes are realistic, we devised a 
flux chamber consisting of a 25-cm diameter, 1.4-m long poly- 


vinylchloride pipe closed at one end except for an air vent. The. 
- open end of the chamber is inserted about 15cm into the 
sediment. An opening just above the sediment is connected by 


flexible hose to a conveniently located column which is secured 
near the sediment surface and filled with acrylic fibre impreg- 
nated with manganese dioxide (Mn-fibre)'°. The apparatus is 
installed at low tide in an area free of surface water; as the tide 
rises, water passes through the Mn-fibre column to fill the 
chamber. The Mn-fibre strips all radium isotopes from the 
incoming water. At high slack tide the Mn-fibre column is 
replaced with a fresh Mn-fibre column. As the tide falls, any. 


radium which may have moved from the sediment into the 


chamber is collected by the Mn-fibre column as water drains 
from the chamber. Fluxes of ™*Ra and Ra obtained by this 
method are 6x107 d.p.m.cm?s™ and 2x107 
cm”? s7!, respectively. 

The fluxes calculated from the tidal cycle data agree with the 
fluxes measured by the chambers to within a factor of 3. Con- 
sidering the assumptions used in the tidal cycle calculation and 
possible variation in fluxes throughout the marsh, this agreement. 
is very good. 

Decay of *°Th (half life 1.9 yr) produces ?*Ra in the marsh 


sediments. Using 0.5 d.p.m. “Th cm™ of sediment (based on- 
initial analyses) gives a production term of 5.9x10~¢d.p.m. 
**4Ra cm’ s~! over a depth of 5 cm. We chose 5 cm as the depth 


from which *7*Ra can be derived because: (1) this is approxi- 
mately the top of the dense root zone of the Spartina, and (2) 


preliminary measurements show 774Ra in interstitial waters to — 


be depleted in the top 5 cm but constant below 5 cm. Comparison 
of this potential source with the flux necessary to support the 
“Ra in the water column (from the more conservative tidal 


d.p.m.- 
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Fig.2 The activity of radium versus the water depth in Bly Creek 
on 15 and 16 October 1982. Correlation coefficients for ? Ra and ` 
*8Ra are —0.795 and ~-0.667, respectively. 


cycle data) reveals that only about one-third of the 7*Ra pro- 
duced in the top 5 cm of sediment need be mobilized to yield 
the required fluxes. A similar calculation for 272Ra reveals that 
to support the observed flux, ““Ra must be removed from at 
least 25 cm of sediment if this is a steady state flux. Howeve 
the Ra flux may be periodic with seasonal gains and losses 
of the longer-lived Ra isotopes in the sediments. P 

Three mechanisms may be driving this exchange process: ( 
molecular diffusion, (2) advection of interstitial water from 
sediments due to turbulence in the overlying water and tid 
pumping, and (3) turbation and irrigation by organisms. ` 
estimate the scale length (L) over which molecular diffusion is 
effective we use the relationship L = D/A where D is the 
effective diffusion coefficient of Ra, 3.4 x 10` cm~? 57! (assum 
ing a temperature of 18 °C, a tortuosity of 2.0, and an adso ption: 
coefficient of 100)''-", and A is the decay constant of Ra 
2.2x 107° s~'. Thus, the path length is 0.12 cm. Our preliminar 
interstitial measurements indicate that 7*Ra is removed. fror 
at least 40 times this depth: therefore, other factors must be __ 
increasing the exchange. Because the flux chambers show Ra 
fluxes almost as high as the tidal cycle data require and asthe — 
closed chambers inhibit physical turbulence, mixing due to = ——— 
turbulence of interstitial water is probably not the major trans- 
port mechanism of radium from the marsh sediments. In addi- 
tion, a preliminary experiment indicates that a significant 
amount of water is not entering the chamber due to tidal 
pumping. 

However, bioturbation and irrigation may indeed increase the 
flux of radium from the sediments by increasing the effective 
surface area of the marsh and by physically moving water Of. 8 
higher radium activity to the overlying water. Fiddler crab 
burrows dot the sediment surface from the creek banks to the 
low Spartina alterniflora, Salicornia areas of the marsh and . 
effectively increase the sediment surface area. Worms, fiddler. - 
crabs and other residents of the marsh sediments also rework. 
the sediments, physically moving water containing high radium 
activity towards the surface of the marsh. . 

The activities of 7*Ra in the water at low tide (C 
3 d.p.m.1~') and high tide (Cu = I d.p.m. 17!) and in the pore. 
water at 5cm depth (Cp = 12 d.p.m. 1’) as well as th olume 
of water which flushes the marsh during one tidal cycle 



























Va = Vou) constrain the volume of water which is mixed through 
‘the upper 5 cm of the sediment ( Vmix) as follows: 


Vout CL sad Vin Cu + Vaii Cp a Vini Cu 


Using the observed data Vmix =9 X10” cm?. Thus, the residence 
_ time of water in the upper 5 cm of sediment can be determined 
- from the following equation 


_ porosity x depth x area 
i Vinix/ 12h 


and is of the order of 2-3 days. 

Our study indicates that salt marshes are important sources 
of radium isotopes to coastal waters. The short residence time 
of water in the top centimetres of the salt marsh sediments and 
the high flux of radium out of the sediments demonstrate that 
marshes are extremely active chemical systems able to respond 
to changing conditions on a time scale of days. These observa- 
tions have important implications for our understanding of the 
cycling of nutrients, metals, carbon and pollutants in coastal 
systems. 
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The giant clam Tridacna is a common shallow-water inhabitant 
-of Indo-Pacific coral reefs'. These animals contain large popula- 
tions of photosynthetic zooxanthellae in hypertrophied siphonal 
. lobes which extend well beyond the edge of the shell for maximum 
exposure to light” (Fig. 1). Protection for these large fleshy lobes 
is visually mediated and consists of a partial siphon retraction and 
valve adduction, a behaviour which gives rise to a forceful, startling 
jet of seawater“. Numerous eyes (up to several thousand in large 
` animals“) located along the margin of the siphon comprise a visual 
system which presumably mediates the defensive withdrawal reflex. 
-` Here we present the first report on the physiological properties of 
-the visual system in Tridacna. Intracellular electrophysiological 
: recordings have revealed two distinct types of retinal cells: both 
_. are hyperpolarized by light but only one generates axonal spikes. 
~~ We also describe cells with differential colour sensitivity, including 
` receptors that are sensitive to ultraviolet (UV) light. Ultraviolet 
-> sensitivity, although not previously reported in molluscs’, may be 
© an adaptation in Tridacna to the environmental requirements of 
>o a host for algal symbionts. 
























Si “Present address: Department of Biology, University of Missouri-St Louis, 8001 Natural Bridge 
- Road, St Louis, Missouri 63121, USA, 


ree TONATURE aim wos a att 


SIPHON 





Fig. 1 Tridacna maxima L., drawn from a 35mm colour slide 

projection (see cover) showing the posterior lobes of the siphon, 

the slit-like inhalant aperture and the right valve. The siphon lobes 

are fully extended, as they are in bright sunlight, with the eyes (bold 

dots) forming a line around the lateral margins. Shell length, 
16.5 cm. | 


Tridacna were collected at Davies Reef in northern Queens- 
land. The eyes are visible at the mantle surface as clear iens-like 
structures surrounded by a dense accumulation of pigmented 
zooxanthellae. Retinal cells line the back of the eye capsule and 
an optic nerve extends into the adjacent tissues™”, In these 
experiments the epithelium was removed and the lens gently 
expressed to expose the retina. Glass micropipettes containing 
3 M KCI were then lowered directly onto the retina for intracel- 
lular recording. Light from a xenon arc source was shone on 
the eye using a fibre optic light guide and was controlled by an 
electronic shutter in combination with neutral density and inter- 
ference filters. 

In recordings from over 100 light-sensitive cells, the receptor 
potentials were exclusively hyperpolarizing (Fig. 2). However, 
two distinct classes of cells exist: spiking (S) and non-spiking 
(NS). Of the cells encountered in these experiments, a slight 
majority were NS (52%), although both types were observed in 
most eyes. That the absence of spikes in NS cells is a physiologi- 
cal characteristic of these receptors, and not an artefact due to 
injury from electrode penetration, was established by the follow- 
ing observations: (1) injury discharges, which were occasionally 
observed in S cells, were never seen in NS cells; (2) S-cell spikes — 
remain for the duration of stable penetrations in most instances, 
occasionally lasting for 30-60 min; and (3) additional physio- 
logical characteristics invariantly correspond with the presence 
or absence of spikes. For example, NS cells have low resting 
membrane potentials in the dark (~14.446.7 mV, tsd.) and 
large receptor potential amplitudes (Fig. 2a): responses greater 
than 100 mV have been observed in fully dark-adapted prepar- 
ations, but these potentials are readily attenuated by successive 
light stimuli and adapt to an intermediate level of polarization 
(-37.8 + 12.7 mV) under steady illumination at high intensities 
(Fig. 2b). In contrast, S cells have a larger resting membrane 
petential (~43.8 + 6.6 mV) than NS cells, but the receptor poten- 
tial amplitude is smaller (14.0 + 5.2 mV) and not affected by light 
or dark adaptation. The difference in adaptation sensitivity is 
most striking in response to light flashes of long duration where, 
by comparison with NS cells, the S cell maintains a steady level 
of membrane hyperpolarization; in some instances there is a 
subsequent gradual depolarization by a few millivolts (for 
example, 3-4 mV in Fig. 2c). However, there was very little 
difference in response latency between S and NS cells. i 

As with the cell represented in Fig. 2c, many S cells are ` 
spontaneously active in the dark and the spikes, 3-8 mV in 
amplitude, are inhibited by light. In response to dimming, bursts 
of spikes (60-80 Hz; 0.5-2.0 s) are generated on the depolarizing 
phase of the receptor potential, with the frequency and duration 
of the burst being increased by longer periods of light exposure. 
Thus, S cells are sensitive to light adaptation, although not 


directly in terms of the receptor potential waveform. = = 7: 
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Fig.2 Hyperpolarizing receptor potentials recorded intracellularly 
from Tridacna retinal cells. Receptor potentials from non-spiking 
(NS) photoreceptors in response to a, a brief light flash (250 ms); 
b, a light-adapting stimulus (2 min). NS receptors have a low resting 
potential in the dark and adapt rapidly to light. c, Receptor poten- 
tial from a spiking (S) photoreceptor in response to an extended 
period of light stimulation (1.5 min). S receptors have higher resting 
potentials than NS cells but the light-mediated hyperpolarization 
does not adapt to light. Spikes occur spontaneously and in bursts 


on the depolarizing phase at light-off. 


To test the colour sensitivity of Tridacna photoreceptors, 


receptor potential amplitudes were measured in response to 
monochromatic light flashes from 350 to 610nm. Data were 
used only from experiments in which stable responses were 
obtained for V—log I test sequences preceding and following 
the spectral test series. Surprisingly, we found individual recep- 
tors with sensitivity peaks at three specific wavelengths (Fig. 3): 







A max = 490 nm), two were blue-sensitive (max = 450 nm), and 
our were sensitive to UV light (A max = 360 nm). All of the NS 


cells in this group were sensitive to green light, whereas S cells | 


were represented in each category including one green- and all 
of the blue- and UV-sensitive photoreceptors. Behavioural sengi- 
tivity to various colours of light was also tested. Under a low 
level of white background illumination, siphon retractions were 





f 13 cells meeting the criteria, seven were. green-sensitive 
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Fig. 3 Spectral sensitivity of Tridacna photoreceptors. Relative. 
sensitivity, as measured by the amplitude of the hyperpolarizing = 
receptor potential, plotted against wavelength. Individual photore- 
ceptor sensitivity curves fall into three groups and the results shown ee 
are the means (+1 s.e.) for cells in each category with curve. o 3 
smoothing based on a spline function: À max = 490 nm, n= 7 (A 
| PEIN ~ 540 nm, y= 2 (O); Airix = 360 nm, n =e C) c ns 
intensity light flashes, of 100-200 ms duration in ‘different 
ments, were given at 15-s. intervals—stimulus parameters de 
mined not to be light adapting. an 





















recorded in response to 3-s interruptions of adapting light at | 
selected wavelengths. The siphon responded to conditioning — 
light over the range of colours used in the physiological studies, 
but the threshold intensity for UV. light (350 nm) was appro 
mately four times greater than that for green light (490 nm) 
Tridacna photoreceptors exhibit several interesting: physic 
logical features. In contrast to the scallop whose eyes co: 
both depolarizing (proximal) and hyperpolarizing (distal) p 
receptors’, each directly initiating axon spikes, Tridacna ha 
two types of hyperpolarizing receptor but only one -has th 
ability to generate spikes. It is possible that Tridacna NS cell 
may not be photoreceptors, but instead are glial cells passivel: 
responding to adjacent receptors. This explanation is unlikel 
as (1) other cells (glial candidates) with no response of any kin 
are frequently penetrated, (2) response latencies are equivalen 
for both receptor cells, and (3) Lucifer yellow injections of both 
S and NS cells show axons projecting from the cell soma. 





(unpublished results). Non-spiking photoreceptors, in addition. 
to the vertebrate rods and cones, are now well known it 
arthropods (for example, barnacles'°) but they have not pre 
viously been reported in molluscs and their physiological role 
is unknown. The S cell, on the other hand, is the physiological 
equivalent of the scallop distal photoreceptor: common features 
include a hyperpolarizing receptor potential which does not) 
adapt to light’, and an ‘off-response’ burst of spikes, the intensity 

of which is directly related to preceding light conditions''. Spike 
output therefore appears to correspond to an ‘accumulating 
excitatory component of the light response which is masked by 

a separate ‘primary’ light-inhibiting effect expressed by the 
hyperpolarizing receptor potential. It has been suggested'"* that 
primary light inhibition may be characteristic of bivalve visual 
systems where the predominant light response in a variety of 
pallial photoreceptor systems is to dimming, that i$, tO. as 
2-14" and where behaviourally relevant shadow reflexes. 












shadow * 
are the norm’? 5, — , aoo 

Of even greater interest is the existence of receptors sensitive = 
to short wavelengths of light, specifically to UV. In previous =+; 
studies encompassing each of the three major molluscan © 
classes”!*"'°, the maximum sensitivity for rhodopsin-like photo- 
pigments was typically around 490 nm, a value corresponding 
with that of the NS cells in Tridacna. UV light receptors represe 
a significant departure from this pattern, and it is doubtful th 
the electroretinograph or compound nerve-recording techniques 
used in several of the previous studies would have obscured the ` 
presence of UV receptors. Tridacna isa unique molluscin several _. 
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< respects, and recognition of these features can assist in the 
` formulation of hypotheses to account for UV sensitivity in this 
— genus. 

Of the previous molluscs tested, including several intertidal 
bivalves, all are able to limit their exposure to UV light by means 
of protective shells or cryptic locomotor behaviour, and/or they 
occupy temperate neritic waters where this spectral component 
is rapidly absorbed at the surface. In contrast, Tridacna occurs 
in a shallow-water tropical habitat, including reef flats that are 
partially exposed at low tide, where turbidity is low and UV 
“penetration maximal'®'’, In these regions UV irradiation is 
known to be a major limiting factor in the distribution of marine 
invertebrates'*. Despite this fact, Tridacna intentionally exposes 
its siphonal lobes to intense light and furthermore does not 
“normally withdraw completely into its shell unless provoked 
- repeatedly. UV light receptors may somehow be involved in this 
positive siphonal phototropism, which in turn may be correlated 
with the fact that the algal symbionts use a broad spectrum of 
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Sodium channels in nerve and muscle cells are functionally similar 
across wide phylogenetic boundaries’ and are usually thought to 
-represent a single, homogeneous population that initiates the action 

potential at threshold and unerringly transmits it along the surface 
membrane. In marked contrast, many cell types are known to have 
several distinct potassium permeability systems””. Distinguishable 
populations of Na channels have been reported in a few cell types, 
however, including denervated skeletal muscle*, embryonic cardiac 
muscle“, Purkinje cell somata® and non-myelinated axons at low 
temperature’. We report here that in squid giant axon, in standard 
experimental conditions, there are two functionally distinct popula- 
tions of Na channels. The newly discovered population accounts 


_. for only a few per cent of the total Na permeability. The channels 


are selectively activated by small depolarizations and have very 
slow closing kinetics. Because these channels activate at volt- 

ages near the resting potential and tend to stay open for long 
times, they must dominate behaviour of the axon membrane in the 


; S -threshold region for action potential initiation. 
Experiments on Loligo pealei were performed at the Marine 


. Biological Laboratory, Woods Hole, Massachusetts. Cleaned 


axons were internally perfused and voltage-clamped as 
described previously ‘Improvements in the electronic 


_ apparatus were important to this study in allowing the resolution 
of very small ionic currents {<l pA cm~’). For measuring Na 
current (Ina) plus gating current (/,), the external solution con- 


-tained (in mM): 60 (or 120) NaCl, 50 CaCl, and 352 (or 452) 
ae Tris pH 7.0 (Sigma) (60 or 120 Na; see figure legends). Gating 
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light (300-700 nm) for photosynthesis’™”. Alternatively, the UV 
receptors may be functional components of the defensive with- 
drawal reflex, a behavioural possibility established in the present 
experiments and further supported by the fact that UV sensitivity 
is represented in the class of receptors that are physiologically 
adapted to respond directly to shadows. Whatever the precise » 
role, it seems that Tridacna has adapted a range of spectral 
sensitivities within its population of retinal cells to match the 
colours present in its environment. 

This work was supported in part by a grant from the Whitehall 
Foundation. The assistance of the Australian Institute of Marine 
Science, Townsville, in providing laboratory facilities at the 
Institute and on board the RV Lady Basten and RV Sirius is 
greatly appreciated. We thank Langdon Quetin and Martin Jones 
for shipping animals, and Simon Laughlin for computer process- 
ing of spectral data. This paper represents a contribution from 
the Tallahassee, Sopchoppy and Gulf Coast Marine Biological 
Association (no. 209). 
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currents were recorded by replacing all Na with Tris pH 7.0 
and adding 200 nM tetrodotoxin (TTX). Ix, records were sub- 
sequently generated by subtraction. The internal solution was 
K-free: both tetramethylammonium (TMA) and Cs were used 
as K substitutes with similar results (150 mM as glutamate salt 
and 50 mM as fluoride salt). Internal solutions also contained 
(in mM): 10 Tris pH 7.0 and 560 sucrose. Pronase (Sigma type 
XIV) was internally applied (0.5 mg mi~’) in some experiments 
to destroy inactivation as indicated below. Temperature was 
8°C, holding potential -80 mV, and we compensated for 2- 
3 Q cm’ of series resistance. Particular care was taken to test for 
contamination of Iw, by end effects; tests included applying 
TTX to the axon ends in the air gaps, reducing the external Na- 
concentration to as low as 30mM, and comparing currents 
measured from different regions of the same axon. The 
phenomena described below were not affected by these control 
procedures. 

The new channels that are activated in the threshold region 
were first recognized by their unusually slow closing kinetics. 
In Fig. la, the trace obtained in 120 mM Na shows the activation 
of Ina t l, during a pulse to ~50 mV as Na channels open, and 
the decay of current when the voltage is returned to —80 mV as 
the channels close. The tail current at -80 mV clearly has a fast 
and a slow phase of decay. The same procedure in the absence 
of external Na (0 Na, no TTX) shows an outward I, transient 
at the beginning of the pulse which has the same initial amplitude 
as in 120 mM Na. After the return to ~80 mV, J, is inward and 
fast. The slow component is not seen in 0 Na and thus can be 
identified as Na current. Other experiments also showed it to 
be TTX-sensitive. Subtraction of the traces in Fig. la yields Jy, 
(Fig. 1b), and two components of tail current differing in decay 
rate by roughly an order of magnitude are still evident. Similar 
results were seen in every axon (total of 17) in which this 
phenomenon was examined over a 3-yr period. | 

Fast and slow components of In, decay accompany a variety” 
of activating pulse amplitudes and durations. Following large 
pulses, however, the slow component constitutes a tiny fraction 
of the total current, and perhaps for this reason has been 
previously overlooked. Figure 2a illustrates the decay of Iwa in 
a Pronase-treated axon after a small pulse (~40 mV, 15 ms) and 
after a large pulse activating nearly all of the Na conductance 
(+40 mV, 3 ms). The two traces have very different initial ampli- 
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Fig. | Time course of Na current (Ina) and gating current (I) 
activation at ~50mV, and deactivation at -80 mV. a; duth 
(120 mM external Na) accompanying a 3-ms pulse is compared 
with J, alone (0 Na). b, Ina generated by subtraction of the traces | 
in a. ina, has clear fast and slow components of deactivation. 


JN243G; 120 mM Na, 200 mM TMA: Pronase-treated. 





tudes, but they converge between 1.5 and 2 ms and decay slowly 
thereafter. Ignoring the small slow component, the +40 mV tail 
can be fitted well by a single exponential with time constant 
150 us. The —40 mV trace can be fitted with the sum of two 
exponentials having time constants of 180 ys and 1.9 ms—this 
disparity in values indicates distinct fast and slow phases of In, 
decay. E EA 
Figure 2b shows tail currents for a series of activating voltages. 
Traces for the three largest pulses (—45, —40 and +40 mV) have 
_ been truncated to allow the slow tail current to be plotted at 

high gain. Durations of the pulses ensured that the amplitude 

of the slow component was maximal in each case. The slow 

component increases with activating voltage up to ~—40 mV, 

where it reaches its maximum size. Its amplitude after the 

+40 mV step is the same. Activation kinetics of the channels 
underlying the slow tails are voltage-dependent and become 
_ faster at more positive voltages. Thus, 3 ms at +40 mV is as 

effective as 10-15 ms at —40 mV. 

Each trace in Fig. 2b has both a fast and slow decay phase, 
but the two components differ greatly in relative magnitude, 
depending on the activating voltage. For the —55 mV pulse, the 
fast and slow components are roughly equal in size. Above 
~40 mV, only the fast component continues to grow, and it is 

























much larger than the slow one after a step to +40 mV (Fig. 2a). 

These results are very difficult to explain on the basis of a 
single, homogeneous population of Na channels having multiple | 
conducting states. Instead, they support the existence of a small 


group of Na channels that are activated over a re latively negative 
voltage range and have very slow closing kinetics. The fast 
component of Na tail current reflects activation of a much larger 
group of ‘normal’ channels that have fast closing kinetics and 
activate at more positive voltages. Figure 3 shows the fraction 
of open channels plotted as a function of membrane potential 
for both populations. Near the resting potential the percentage 
of slowly closing channels activated (circles) is far larger than 
the activated fraction of normal channels. Small depolarizations 
to the region of action potential threshold (that is, —60 to 
—55 mV) would selectively activate the new channels. Although 






an action potential. Our results suggest that at least half of the 


channels that are open at threshold (for example, —55 mV in — 
Fig. 2b) are of the new type. Thus, we label them ‘threshold’ 
channels, as they must dominate behaviour in the threshold 


region. 
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*the total permeability contributed by this population is small ; 
(~3% of the total in Fig. 3), the channels can carry enough | 
_ current to depolarize the membrane far beyond threshold for _ 


time course at +40 mV. 
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Fig.2 Behaviour of fast and slow components of Na tail currents . 
as a function of activating voltage. a, Currents recorded at =70 mV 
following a small (to ~40 mV, for 15 ms) or large (+40 mV, 3-ms' 
depolarization. The axon was Pronase-treated. The initial ampli- 
tude of the tail currents is proportional to the number of channels. 
opened. At —40 mV the number of open channels is ~ 10% of that 
at +40 mV. Although initial amplitudes are very different, the two. . 
traces converge between 1.5 and 2 ms. b, Tail currents for a series. 
of activating voltages showing that the amplitude of the slow oo 
component saturates at ~—40 mV. Early portions of the traces for ` 
the three largest pulses are truncated: initial amplitudes were {in 
pA cm?) 40.5 (~45 mV), 69 (~40 mV) and 599 (+40 mV). Pulse 
durations were 15 ms, except for 3 ms at +40 mV, JN223H :120mM- 
Na, 200mM Cs. | ae Pao 


The points for threshold channels in Fig. 3 can be adequately 
fitted by a two-state model having one open and one closed 
state. The solid curve assumes that the equilibrium constant for 
the transition from open to closed varies exponentially with 
voltage, changing e-fold in 4.5 mV. In terms of a Hods 
Huxley-like model” this corresponds to control of the channel 


by a single gating particle having 5.5 electronic charges associ- 
ated with it. The normal channels require a multi-state model | 
(several gating particles in Hodgkin-Huxley terms), making the 
conductance—voltage relation much less steep near its midpoint. 


The limiting steepness at very negative voltages may be similar 
to that for the threshold channels. Na conductance in Pronase- 
treated axons has been reported to change e-fold in 4.2 mV" to 
5.3mV'*. These values may require reevaluation, however, 
because of the contribution made by threshold channels. 
Sodium channels are normally inactivated during a main- 
tained depolarization, and threshold channels share this 
property. Figure 4 shows three Fy, tails following the specified 
activating pulses from an axon with its inactivation mechanism 
intact, that is, not Pronase-treated. After 0.3 ms at +40 mV or 


3 ms at —40 mV, inactivation has not progressed very far, and © 


the slow components in those traces are identical. Both: are 


about as large as can be recorded in a fibre with the inactivation | = ° 
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Fig. 3 Steady-state voltage dependence of Na conductance for 
‘threshold’ versus ‘normal’ channels obtained in a Pronase-treated 
axon. Maximum conductance was 0.13mScm™* for threshold 
channels as opposed to 4.3mScm™* for normal channels, all 
measured in 60 mM Na. Conductance of normal channels (W) was 
measured at ~80 mV as Al,,,/AV, 30 ms after termination of an 
activating depolarization to the indicated membrane. potential’. 
The dotted curve was drawn by eye. Conductance of threshold 
channels (@) was estimated from tail current amplitude (at 
~80 mV) 2.5 ms after termination of the activating pulse. The solid 

curve represents a Boltzman distribution between open and closed 
channels such that the fraction of open  channels= 
oY Mi2)2/25 f] +e Mi)2/2*] where V is membrane voltage (in 
mV), V,;2=—5lmV, and Z=5.5 electronic charges moving 
entirely across the membrane’s electric field. Same axon as in 

Fig. 1; 60 mM Na, 200 mM TMA. 
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Fig. 4 Tail currents from a non-Pronase-treated axon with its 
inactivation mechanism intact. The slow component of current 
decay is identical following both the small pulse (—40 mV, 3 ms) 
and the brief, large pulse (+40 mV, 0.3 ms), neither of which 
produced significant inactivation. The slow component is nearly 
eliminated following the longer pulse to +40 mV (3 ms) which also. 

. produced. substantial inactivation of the fast component. The 

440 mV traces are truncated; initial amplitudes were 670 pA 
` cm”? (0.3 ms) and 320 pAcm? (3 ms). JN203G; 120 mM Na, 
oe 200 mM TMA. 


= Sodium channels similar to threshold channels have not been 
described for other preparations in studies using either conven- 
tional or single-channel techniques. Single-channel measure- 
“ments should be a sensitive way of independently discerning 
these unusual channels. ° 'o keep the number of open Na chan- 















-with small depolarizations, which would selectively activate 
-> threshold channels, at least in squid axon. The slow closing 
kinetics we report here as being diagnostic of these channels 
would be manifest in single-channel data as events with 
- unusually long open times that were particularly evident between 
=70 and —40 mV. Unfortunately, single-channel data are not 


vailable for squid axon. 
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conveniently small, these measurements are often made 





Thus, our results reveal the existence ofa small but distinct 
second population of Na channels, the threshold channels. 


Compared with the normal channels, the threshold channels 


activate at relatively negative voltages and close very slowly 
once opened. Triggering the action potential is the probabil 
function of the threshold channels. The normal Na channels, 
activating over a more positive voltage range, supply the lärge 







current required for rapid conduction. One advantage in this 


division of labour is noise reduction: there are fewer channels 
operating in the threshold region, and therefore less chance of 
a spurious action potential being triggered by the random, 
spontaneous opening of enough channels to reach threshold. 
The overall importance of threshold-type channels as described 
here is unknown. They must be important in squid axon for 
phenomena like repetitive firing. If similar channels exist in 
different regions of individual neurones, for example, dendrites 
or axon hillocks, they should have profound effects on determin- 
ing the site of impulse initiation®'*'", and if they exist in 
autorhythmic cells, would greatly influence pacemaking or 
bursting behaviour. 
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The sodium pump of animal cells is electrogenic'”, that is, it 
normally exports more sodium ions than it imports potassium 
ions’. In the squid giant axon, the resulting net outward electric 
current’ has a density of a few pA cm™’, and contributes 1-2 mV 
to the resting membrane potential**. The pump is driven by the 
free energy of hydrolysis of ATP, and in some instances’'® it has 
been possible to run the pump backwards ‘and synthesize ATP by 
lowering the [ATP|ADP}-[P;] ratio and steepening the transmem- 
brane Na* and K* gradients. Here we have examined the question 
of whether a backward-running sodium pump conserves its 
Na*/K* > 1 stoichiometry. We demonstrate reversal of the sodium 
pump of squid giant axon, and find that backward pumping indeed 
produces a net inward electric current. This current is voltage- 
sensitive. Our observations have mechanistic implications for 
models of the sodium pump. — a 

It is generally accepted that the sodium pump normally oper- 
ates with Na/K > 1 stoichiometry. What is less clear is whether. 
this stoichiometry is fixed or variable and dependent on condi- 
tions such as steepness of the ion gradients, membrane potential 
and available free energy of ATP hydrolysis’. One extreme — 
situation is a reversal of the pump’s operation, resulting in 
synthesis of ATP. If the pump’s normal. stoichiometry (say, 
3Na*/2K*) were conserved, one should find an inward pump 


current. We have tested this hypothesis by forcing the sodium S 





pump of squid giant axon to run backward, and simultaneously of 
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Fig. 1 Electrogenic pump measurements in squid giant axons. a, 
Axon bathed in artificial seawater containing (in mM) 425 NaCl, 
10 KCI, 10 CaCl,, 25 MgCl, 25 MgSO,, 5 Tris- HEPES pH ~7.7 
and 2 x 107” M tetrodotoxin, and internally dialysed with a solution 
containing (in mM) 50 NaCl, 200 K-glutamate, 100 K-HEPES pH 
7.4, 250 glycine, 10 MgCi,, I EGTA, 5 ATP, 3 phosphoarginine 
(PA) and 3 phosphoenolpyruvate (PEP), the latter four as 
-potassium salts. 1, Holding current. About 1.3 min into the record, 
< 107° M H,DTG was added to the seawater. The resulting change 
- in holding current density was —1.1 pA cm~”. 2, Membrane poten- 
tial. Holding potential varied less than 20 pV during the response. 
Temperature 17°C. b, Axon bathed in K*-free artificial seawater 


(NaCl replaced KCl). Internal fluid was Na*-free (equimolar 


replacement with N-methyl-p-glucamine) and contained no ATP, 
PA or PEP, but 5mM each of ADP and P, as well as | mM 
diadenosine pentaphosphate (an inhibitor of adenylate kinase) and 
504M atractyloside (an inhibitor of mitochondrial ATP/ADP 
transfer). 1, Holding current; 2, membrane potential. The holding 
current change on addition of 107° M H DTG to the seawater was 
0.23 pA cm™*. The more rapid action of H,DTG (compared with 
the forward case) can be explained by the absence of potassium 
from the seawater. Temperature 17°C. | 

Methods: The axons were mounted in a Lucite chamber 9 x3 x3 
mm, one side of which was a blackened platinum plate; the 
chamber was sealed at both ends with petroleum jelly. Artificial 
seawater superfused the axon at about | ml min7'. A cellulose 
acetate capillary (diameter 140 um; porous in its middie) was 
threaded through the axon, and a conventional ‘piggy-back’ vol- 
tage-clamp electrode assembly, made of a 100-120 pm, 0.5 M KCI- 
filled glass microelectrode with a 75 ym blackened platinum wire 
glued to it, was placed alongside the capillary and centred in the 
chamber. The current-passing platinum wire protruded 1-2 mm 
beyond the end of the cham>er. The flow rate of the internal 
dialysis fluid was ~1 pl min™'. A glass capillary electrode, similar 
to the internal one, was dipped into the chamber. Both electrodes 
were connected, via matched calomel electrodes, to a ‘slow’ (time 
constant 0.1 s) and very stable voltage-clamp device. When a steady 
perfusion regime had been achieved, the axon was voltage- 
clamped, usually at —60 mV or at its resting potential. Both holding 
potential and clamp current were digitized, collected and stored 
by a microcomputer. Ten data points were sampled and averaged 
every 825 ms for each point displayed in the figure. Outward 
holding current is displayed upward. To measure the magnitude 
of the change in holding current, straight lines were fitted by 
least-squares analysis to the linear portions of the record before 


and after the transient, and the vertical distance between the two | 


lines was evaluated at the midpoint of the transient. 
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peak sodium channel membrane current densities in squidaxon _ 
_ are ~2-SmAcm™, and peak gating current densities, 
< ~30 A cm™*.) The axon in Fig. 16, on the other hand, was 
bathed in K*-free seawater and internally dialysed with Na“ 
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Fig. 2 Electrogenic current and potassium efflux during reverse 
pumping. a, Average (+s.e.m.) pump current in the inward directii 
(combined results of six tests on five axons) before (—0,27 + 0.08), 
during (+0.03 + 0.02) and after (—0.29 + 0.06 pA cm™*) removal of 
sodium from the external seawater (replacement, N-methyl- 
glucamine). Bars show s.e.m. Sodium-free internal fluid 
throughout, as in Fig. 1b. Temperature 17°C. b, Inhibition of ® 
efflux by H,DTG. The effect of adding 10°*M H,DTG on ® 
efflux is shown for an axon held at —60 mV. Solutions as in Fig. 
1b, The time during which H,DTG was present in the external | 
solution is indicated by the horizontal bar. A second application 
and washout of H,DTG is also shown. The magnitude of the first = 
response was 3.4pmolcm™’s™', and of the second, 
2.0 pmol cm~? s~'. Temperature, 17 °C. 















measuring cardiotonic steroid-sensitive membrane curren’ 
under voltage-clamp control. os 
Giant axons from the hindmost stellar nerve of the squid. 
Loligo pealei, were cleaned, mounted in a horizontal ch: 
and superfused with artificial seawater at either 17 or 24°C. The. 
axons’ intracellular composition was controlled by internal = 
dialysis using a porous capillary'’. Membrane potential was 
controlled by a slow and very stable voltage-clamp apparatus 
(R.F.R. et al., in preparation). The principle of the pump current 
measurement’? is as follows: sudden exposure of the voltage- 
clamped cell to a cardiotonic steroid (ouabain or the more 
reversible’ dihydrodigitoxigenin, H,DTG) will cause a change 
in clamp holding current exactly equivalent to the current gener- 
ated previously by the sodium pump, provided that the steroid 
does not alter the passive membrane conductance. This require- - 
ment has been tested and is met (P. De W. et al, in preparation). 
Figure | a shows a representative forward pump-clamp experi- 
ment, performed on an axon superfused with 425 mM Na", 
10mM K* seawater and internally dialysed with a solution _ 
containing 50 mM Na*, 290 mM K* and 5mM ATP. Addition < 
of 107° M H,DTG to the seawater produced an inward change 
in holding current (1.1 pA cm’). (For comparison, typical 
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Measurement | Mean +s.¢.m. (mV) No. of expts No. of axons Remarks* 
Current (pA cm~?) ~0.332 + 0,037 -65.8 + 1.7 19 9 17°C; 1982 
~0.145+0.014 ~58.2+1.5 32 12 17°C; 1983 
—0.316+ 0.058 ~S$3.141.5 li 4 24°C; 1983 

Sodium influx (pmol cm~? s7’) 6.38 +0.70 —5§5§.5+9.5 2 2 17°C; 1982/83 
Potassium efflux (pmol cm~? s7') 2.50 + 0.25 -57.4 1.2 12 6 17°C; 1983 
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All current measurements were carried out as described in Fig. 1 legend. The seawater was K*-free as described for Fig. 16; the cardiotonic 
steroid was either 107° M H,DTG (reversible) or 107° M ouabain (irreversible). The internal dialysis fluid composition was as in Fig. 1b, except 
that [ADP] and [P,] varied between | and 5 mM, with no obvious repercussions, and diadenosine pentaphosphate levels varied between 0.25 and 
i mM. Flux measurements were made in identical conditions except that either the seawater contained **Na or the internal dialysis fluid contained 
42K Corresponding dialysis fluid or superfusate samples were collected and counted. Most of the “K experiments were conducted in the presence 
of i mM 3,4-diaminopyridine, which blocks potassium channels’” 

* For unknown reasons, perhaps related to ocean temperatures o or other environmental factors, the 1982 animals appeared to have higher reverse 
sodium. pump activity than the 1983 specimens. The forward pumping rate was also higher in the 1982 animals. A comparable year-to-year variation 
has previously been seen in the case of Mg** extrusion by these cells?’ 


free fluid containing 5mM ADP, 5mM P; and no ATP (ATP K*-free seawater, a condition which precludes K*:K* 
formation was blocked by diadenosine pentaphosphate and exchange, a known mode of operation of the sodium pump’*'>. | 
atractyloside). Here H,DTG caused an outward change in hold- (In unclamped axons engaged in forward pumping, ouabain - 
ing current (0.23 pA cm” *) signifying the disappearance of an causes “K efflux to increase through activation of K* channels ` 
inward pump current. Table 1, summarizing 60 reverse pump following the depolarization which results from inhibition of 


-current measurements obtained on 30 axons, Suggests a con- the electrogenic sodium pump*). Simultaneous * K efflux and 


- = siderable temperature coefficient for reverse pumping (Qjo ~ 3). inward pump current measurements were made in 11 instances 
The presumption that Fig. 1b truly represents inhibition of a on 7 axons. The average (K* flux)/ (net current) ratio was 2.7 + 


reverse electrogenic sodium pump (and not of, say, a forward 0.5, or one elementary charge carried in for every 2—3 K* ions 


<. pump with K*> Na” stoichiometry) was corroborated in three pumped out. This suggests a Na ve K* stoichiometry of 3/2 





ways. First, a ouabain-sensitive sodium influx was seen in axons or 4/3. 


dialysed with Na*-free fluid containing ADP and P, (Table 1). A remarkable feature emerges when reverse electrogenic 
Pump-mediated Na* influx into high-ADP cells is well known, pump current is plotted against membrane potential (Fig. 3). In 
but only as part of electroneutral Na*:Na* ex- five cases from four axons, pump current measurements at a 
change*'**\ which obviously requires intracellular Na”. given potential were combined with measurements at another 


Second, the putative inward pump current is abolished by potential, and without exception, revealed a strong voltage 
removal of Na* from the seawater (Fig. 2a). Third, we measured dependence. Interestingly, the voltage dependence represents a 
a cardiotonic steroid-sensitive K efflux (Table 1, Fig. 2b) into negative pump conductance: contrary to simple thermodynamic 
expectation, the inward current decreases as the cell is made 
0.00 more negative. This may mean either that the pump operates in 
series with a voltage-sensitive gate’ or that a rate- limiting kinetic _ 
step in the apne cycle is inhibited by negative membrane 
potentials'” : 
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Calcium channels carry out vital functions in a wide variety of 
excitable cells'* but they also face special challenges. In the 
medium outside the channel, Ca** ions are vastly outnumbered by 
other ions. Thus, the calcium channel must be extremely selective 
if it is to allow Ca’* influx rather than a general cation influx. 
In fact, calcium channels show a much greater selectivity for Ca?* 
than sodium channels do for Na* (refs 5-9) despite the high flux 
that open Ca channels can support®*. Relatively little is known 
about the mechanism of ion permeation through Ca channels. 
Earlier models assumed ion independence” or single-ion 
occupancy'’"'*, Here we present evidence for a novel hypothesis 
of ion movement through Ca channels, based on measurements of 
Ca channel activity at the level of single cells or single channels. 
~ Our results indicate that under physiological conditions, the chan- 
__ nel is occupied almost continually by one or more Ca?* ions which, 
‘by electrostatic repulsion, guard the channel against permeation 
by other ions. On the other hand, repulsion between Ca2* ions 
allows high throughput rates and tends to prevent saturation with 
calcium. 

Single ventricular cells were obtained from adult guinea pigs 
by enzymatic dissociation'’ and a suction pipette was used for 
voltage clamp and internal dialysis'®. To minimize current flow 
through channels other than the Ca channel, internal and exter- 
nal solutions were kept Na*- and K*-free®. 

Figure ia shows how the Ca current (Ica) varies with the 
bathing calcium concentration ({Ca],). The peak magnitude of 
Ic, increases almost proportionally with [Ca], over the range 
I1-10mM, with increasing saturation as [Ca] approaches 
30 mM. This type of [Ca], dependence is similar to that found 
for Ca channels in cardiac preparations and other excitable 
cells'*:''-'©. The saturation of Ic, has been attributed to a single 
divalent cation-binding site within the Ca channel with a dissoci- 
ation constant for Ca** (K mca) of ~10 mM (refs 11-16). 

The interaction between Ca?* and the channel can also be 
xgauged by using Ca** to block the movement of other ions 
through the Ca channel. As Fig. 16 illustrates, addition of 
0.6 mM Ca, to the bathing medium reduced the inward current 
in the presence of 10 mM Ba to less than half: in four cells the 
average decrease of current was to 41 +4% of that in the absence 
of Ca. The Ca-sensitivity of Ba currents is similar to the Ca- 
sensitivity of Sr action potentials in cardiac Purkinje fibres? 

Figure Ic shows that Ca channel current carried by Na* 
(150mM) is even more sensitive to [Cah. Addition of only 
1.3 uM Ca to the bathing medium lowered the Na influx through 








the channel to 334.4% in three cells. This result is consistent | 


with previous work in heart'’, snail neurones'*, skeletal muscle” 
and other excitable cells". 

The very different estimates of Kc, in Fig. la—c are incon- 
sistent with competition for a single binding site. The dis- 
crepancy between various estimates of Knc, would be even 
greater if allowance were made for changes in surface potential 
and binding of other ions. The estimate of K mca from Fig. la 
would be revised upward if allowance were made for effects of 
surface potential on the degree of Ca channel opening. On the 
other hand, estimates of Kca from Fig. 1b and c would have 
o be revised downward if binding of Ba or Na were taken into 
ccount. i 
The extreme [Ca],-sensitivity of Na movements through the 
Ca channels has been attributed to a high-affinity, regulatory 
Ca-binding site outside the channel, distinct from a relatively 
low-affinity Ca-binding site that lies within the channel and 
controls ion permeation’®. Figure 2 shows another test of the 
one-site model which leads us to a different interpretation of 
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Fig. I Comparison of the ability of extracellular Ca to act asa 
charge carrier through the Ca channel (a) with its ability to block ` 
current through the channel carried by other ions (b, c). All records. 
show net ionic currents after subtraction of linear leak and capacity. 
currents determined from hyperpolarizing pulses. a, Currents- 
recorded in consecutive runs with 1, 3, 10 and 30mM {Cah 
Depolarizing pulses to +20 mV from a holding potential of —40. mV. 
External and internal solutions were Nat- and K*-free. Cell 165C 
The internal solution contained (in mM): 75.5 Cs-aspartate, - 
75.5 Cs-phosphate, 10 Cs-EGTA, 6 HEPES (pH 7.4). The external 
solution contained (in mM): 85Cs-aspartate, 146 sucrose, 
2.8 MgCl, 5 glucose, 5 HEPES (pH 7.4) and CaCl, or BaCi; 
noted in the figures. Series resistance compensation was used to” 
offset the ohmic drop resulting from current flow through the tip 
of the suction pipette. Current signals were recorded and analysed ©- 
on a PDP 11-03 laboratory computer. All experiments were done 
at room temperature (21°C). b, Block of Ba current through Ca 
channels by addition of external Ca. Records shown were obtained 
with 10 mM [Ba], in the absence and presence of 0.6 mM [Cay 
Voltage clamp pulse from —40 mV to +20 mV. Cell 180N. ¢ Blo 
of Na current through Ca channels by addition of external £ 
The control record was obtained with the standard internals oluti 
(see text) and the following external solution: 150 mM NaCl; 
EGTA, 12.54.M tetrodotoxin (TTX), 10mM HEPES (p 


[Ca], was then increased to 1.3 pM by changing to the following _ ane : 
solution: 150mM NaCl, 2mM total HEDTA, | mM _ total Ca, een 
12.5 uM TTX, 10 mM HEPES (pH 7.6, apparent stability constant 


for CaHEDTA taken as 7.6 x10° M`’). Pulse from —60 mV to 
+10 mV. Cell 207H. 


the various effects of Ca**: a shows the behaviour expected for 
a simple one-site channel. In mixtures of Ca and Ba in which 
[Ca], +[Ba]p is held constant at 10 mM, the total current can 
never be smaller than that in either 10 mM [Ca], or [Ba], alone; 
the total current must be a monotonic function of the mole. 
fraction. This prediction was tested experimentally with record- 


ings of whole-cell current in guinea pig ventricular myocytes 


(Fig. 2b). In contrast to the properties expected for a simple 
one-site channel, the measured current is not a monotonic func- 


tion of the mole fraction, [Ba]o/({Bal+[Calo), but goes through 


a clear minimum as 70% of the external Ca is replaced by Ba. | 
Similar behaviour of currents in mixtures of permeant ions has 
been reported previously for gramicidin channels??? K cha 

nels” and Cl channels?425, Such ‘anomalous mole fraction 


effects’’® have been accounted for by models which includetwo > 
_.(or more) ion-binding sites. within the channel and repulsive 
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Fig. 2 The mole-fraction dependence of Ca channel current pre- 

_ dicted for a channel with one ion-binding site (a) compared with 
that found experimentally (b). a, Computed values of total current 
(;) and its components Ica and faa, calculated for a one-site 
channel. using the equation shown. The dissociation constants of 
the site for Ca and Ba (K mca and Komna respectively) were chosen 
as shown in the inset. The maximum Ba current (as) was made 
twice as large as the maximum Ca current (ea) because Ba currents 
are larger than Ca currents in these cells. No matter what values 
are chosen for K mcas KmBas l and fin the one-site model always 
predicts that I, is a monotonic function of the mole fraction. b, 
Peak amplitude of leak-subtracted inward current plotted against 
mole fraction. Voltage clamp pulse from —40 mV to +10 mV. To 
ensure that the anomalous mole-fraction dependence was not the 
result of rundown, the solutions were applied in the order indicated 
by the numbers next to each data point. Individual current records 

are shown in the inset. Cell 166A. 


"interactions between ions in the doubly occupied state?””*. 
The main uncertainty concerning the results in Fig. 2 is that 
changes in the peak current may not reflect changes in the 
current through open channels (i) but rather changes in the 
probability of channels being open (p). To measure single- 

... Channel current, we performed ensemble fluctuation analysis” 
on whole-cell recordings? from single frog ventricular cells?! 
_. Figure 3 shows a determination of i during the inactivation 
=o phase of Ca channel current. Estimates of i, the number of 
functional channels (Np), and the peak probability of channel 
pening ( Pras): are in- reasonably good agreement with results 
ensemble fluctuation analysis during the rising phase of Ca 
sl current®’. As Fig. 3c shows, the main point here is that 
b=3mM and [Ba] =7 mM, i is significantly smaller 
ae h [Cah = = [0 mM or [Ba] = 10 mM. Similar results were 
-7 obtained i in rat ventricular cells at a test potential of +20 mV 
= = P. Bean and M. C. Nowycky, unpublished). 
- . Yo explore the implications of the anomalous mole-fraction 
effect, we modelled the Ca channel as a single-file pore with 
























NATURE VOL, 309 31. MAY 1984 
i 
10 mM Bay 


E ee Mean current (/) 


20 ms | 











_, Variance 


je ae me imm WH tay PR Tm mim Mich mewt cha ante wasr ammm ari cS 






= 20 oe 
$ 15 
2 B f=. 137 pA 
3 |Æ 
§ p 
D 
EREA DON, PETE ae P TS. 
0 100 300 500 
Current (pA) 
c 
0.15 
| i 
ee 
0.1 t- 
i 
pA) = 
0.05 - 
| = 
0 EIE ee ee LE ee a ee ae EE 
10 0 Cay 
0 7 10 Bay 
(mM) 


Fig.3 The anomalous mole-fraction effect. is a property of the 
open Ca channel. Single-channel currents were estimated by non- 
stationary fluctuation analysis” as illustrated in a and b. Whole-cell 
currents were recorded from single frog ventricular cells using the 
patch-clamp technique”. Fifty consecutive current records 
obtained with voltage steps from —60 mV to +10 mV were lined 

up in time and the mean and variance were calculated for each 
sampling point. The time course of the mean current (after subtrac- 
tion of linear leak and capacity currents) and the variance are 
shown in a. The variance associated with the- holding current was 
taken as the baseline (dashed. line). b, Plot of the variance associated 
with the falling phase of the current as a function of the mean 
current. The data are fitted to the equation: variance = il —I*/ Ny, 
where I = N,iP. These equations describe the behaviour of Ne 
independent channels with a single-channel. current i and a proba- 
bility P of being open”. For the example shown, the best-fit 
parameters were i = 0.137 pA, Np = 4,340 channels and P,,,, = 0.66. 
The external solution contained (in mM:): BaCl, 10, tetraethyl- 
ammonium-Cl 135, MgCl, 1, HEPES 10 (pH7.6). The patch 
pipette contained (in mM): CsCI 120, MgCl, 5, EGTA 10. Cell 
PI1B. c, Mean (+s.e.m.) single-channel currents at a test potential 
of +10 mV determined by the method described above in 1) mM 
[Ca] (n =7 cells), 7mM [Bah +3 mM [Ca], (n =6) and 10 mM 

[Ba] (n= 





two ion- -binding sites (energy wells) and three energy barrier 
(for example, see refs 27, 28, 32). Figure 4a shows the various | 
states of ion occupancy for the case of two permeant cations | 

(for example, Ca and Ba). Rates of transition between connected 

states were calculated from Eyring rate theory, with energy — 
profiles for Ca and Ba like those shown in Fig. 4b. For simplicity, 
the ion-binding sites (energy wells) were assumed. to be equally 


spaced within the membrane: ney of energy a dogma eee 



























“Fig. 4 Two-binding 4 site model for the calcium channel. a, State_ 
diagram for the case of two ions. A and B, present on both sides _ 
of the membrane. An empty site is denoted by O. As the diagram _ 
indicates, single-filing is assumed. 6, Free energy profiles for a 
~ _ Single ion (Ca** or Ba’*) in the absence of both an applied electric 
oy field and other ions within the channel. To reduce the number of 
adjustable parameters, barriers and wells are assumed to be spaced 
equally, 1/6th of the membrane thickness apart; chemical energy 
profiles are assumed to be symmetrical with respect to the centre 
of the membrane. As in earlier treatments of this type (see ref. 28 


for earlier references), rates of transition were calculated by Eyring | 


rate theory expressions of the form rate = Q exp (~4G) (for entry | 
rates this expression is multiplied by the ion activity in the medium 
from which the ion enters the channel). By convention, O=(kTh!) ~ 
as in treatments of ion permeation through Na and K ~ 
channels**?***. The fre 
AG is taken as the sum 
indicated in b), an el 
is occupied) a repuisio 







term; tnzin (Finn), Where Fi. 23 C= 


valence and V = membrane potential). The choice of signs was f: 


determined by the direct 
electric field and to 
anomalous mole-fr 
171 mM (as in Fig. 26 


{ the transition relative to the applied 
on of the repelling ion. c, Calculated 
th [Cs],=85 mM and [Cs], = 
and [Ca], = Oat +10 mV. (Calcula- 
tions with a compute nased on a program kindly provided 
_ by Dr T. Begenisich.) Activity coefficients for monovalents 
mm. (divalents): 0.764 (0. 341) outside and 0.725 (0.276) inside. Chemical 
~ component of energy profile for Cs* (in units of RT, where R is 
the gas constant and T is the absolute temperature): wells, —6, 
—6; barriers from outside to inside, 7.8, 10.3, 12.8. This profile also 
fits measured Ca channel reversal potentials with [Ba], = 10 mM 
or [Ca] = 10 mM and internal Cs’**. Ca and Ba components of 
net current are shown; as Cs flux is less than 1.5% of net current 
magnitude, it is not shown. d, Occupancy of the channel by Ca as 
a function of [Ca]. Probabilities of the channel containing 0,1 or 
2 Ca ions are shown at O mV in the presence of 150 mM external 
Na and no permeant internal ions. The chemical component of 
the energy profile for Na* (in units of RT: wells 1,1; barriers 6,8,10 
from outside to inside) also fits measured reversal potentials of 
[Na], versus [Cs]; and [Ba], versus [Na], (unpublished results). e, 
Elementary inward currents computed for the conditions assumed 
in d. At [Ca], < 1074 M, inward current is carried by Na (ina); Ca 
only carries significant current at [Ca], > 10°* M (ica) 












assumed in the absence of compelling reasons to the contrary. 
Ion-ion interactions were incorporated by a repulsion factor F 


~ which has the effect of making entry rates into a site F-fold 
ower and exit rates F-fold faster if the other site is occupied © 

For monovalent~monovalent (mm) interac- 
tions, F,,., was set at 3 (well within the range expected for — 
reasonable assumptions about the dielectric environment sur- — 

rounding an aqueous pore’’). For monovalent-divalent and 


y another cation”. 


divalent-divalent (dd) interactions, F was given by Coulomb’s 
law without additional adjustable parameters: thus Fay = 
(Fam) = 34 = 81. Once specific values for the barrier heights 
and well depths are assigned to each ion, the model allows the 
computation of ion fluxes and ion occupancies in the presence 
of three permeant ions (for example, Ca, Ba and Cs). 

A central feature of the model is that both binding sites have 
a high affinity for Ca ions. The postulated well depth for Ca of 
~ISRT corresponds to an apparent dissociation constant of 
exp (~15)=3 x 107’ M, three or four orders of magnitude lower 
than earlier estimates'*'®. With the barrier heights and well 
depths shown in Fig. 4b, the model can account for the present 
experimental results: (1) calculated unitary currents exhibit an 
anomalous mole-fraction dependence (Fig. 4c); (2) Na move- 
ments through the channel are blocked by micromolar levels of 
Ca (Fig. 4e); while (3) Ca current increases as [Cah is elevated, 
aith little saturation until [Ca], reaches several millimolar (Fig. 
de). According to the model, these observations may be inter- 
“preted as follows. 

The anomalous mole-fraction effect arises because the channel 
binds Ca?* more strongly than Ba”* and because Ca’* and Ba?* 
ions repel each other within the channel (see refs 27, 28). When 
the inner site is occupied by a Ca ion, a Ba ion entering across 
the outer barrier is very quickly repelled back out of its shallower 
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well. Thus, equimolar replacement of external Ca by. external 
Ba makes the current smaller at first because Ba’* 
relatively impermeable until [Ca], is low. 

AS Ca’* 


probability of two Ca?* ions in the channel (Fig. 4d, e). Because - 


of mutual repulsion, this probability only becomes significant — | 
-at millimolar [Ca]. Once double occupancy has occurred „tepul- 


sion promotes current flow. The presence of a Ca’* at the outer 
site repels a Ca?* at the inner site, increasing its chances of 
leaving that site and entering the cell. In this way, channel 
occupancy by Ca?* tends to perpetuate itself, and Ca** strongly 
reinforces its own permeability. Only a second Ca** stays long 
enough to have a significant chance of displacing a predecessor 
Ca**. Like Ba**, Na* and other ions which bind less strongly 
than Ca** are quickly repelled out of the channel by Ca** 

This explanation helps resolve the controversy about the ionic 
basis of the ‘slow inward current’ (J,,) in cardiac muscle. On 
one hand, Isi has been called Ica?* nat because Na” jons can 
support Mn**- and verapamil-sensitive action potentials or 
inward currents in the absence of external Ca’?. On the other 


hand, in the presence of external Ca, prolonged removal of | 2 
. Our results suggest that i. 


external Na reduces I; very little" | 
there is no contradiction between the channel's ability to support _ 
a large Na influx in the absence of Ca and its ability to reject ic 
Na in the presence of Ca. The high transport number for Cai in 


Temains E 


binds so strongly, channel occupancy by a single 
Ca’* is enough to block Na flux through the channel, and this = 
occurs at micromolar levels of [Ca]. On the other. hand, Ca 
flux through the Ca channel i increases hand-in-hand with the 
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physiological conditions justifies the simple label ‘Ca channel’ 


-icin the same way that the Na selectivity of tetrodotoxin (TTX)- 
-= sensitive channels justifies the name ‘Na channel’. 

This report is the first to argue that Ca channels are multi-ion, 
single-file pores, rather than one-ion pores that function by 
simple mutual exclusion. Our model is very different from the 
two-site model recently proposed by Kostyuk et al.'°—they 
assumed that the pore can only contain one ion at a time and 
concluded that the channel selects for Ca over Ba at its outer 
binding site with Kmca = 10 mM and K mpa = 100 mM. To explain 
Ca?* block of Na* influx, they had to postulate an additional 
external regulatory site with high affinity for Ca which controls 
the structure of the pore. Their model cannot account for the 
anomalous mole-fraction effect and it predicts that block of Ba 
currents by Ca?* would require a [Cah at least 10 times higher 
than that described here. 

As multi-ion pores, Ca channels resemble several other chan- 
nels that are selective for Na, K or Cl; however, the proposed 
selectivity mechanism differs from previous descriptions of other 
biological channels. Unlike Na channels’””*, Ca channels seem 
to bind the preferred ion more strongly than other physiological 
ions (see also refs 11, 16). Ca is selected as much by deep-energy 
wells as by a relatively low-energy barrier (‘selectivity filter’). 
The nature of the binding site is of obvious importance. It is 
interesting to compare the Ca channel with Ca binding proteins 
such as troponin and calmodulin, or small organic Ca buffers 
such as EGTA. Like the proposed Ca binding sites in our model 
channel, the Ca-specific coordination sites on these molecules 
bind Ca’* with high affinity (effective Ka < 1 pM), in preference 
to other cations (for example, Ba’*, Sr’*, Mg**, Na“). Although 
detailed differences are to be expected, it seems possible that 
Ca channels and intracellular Ca receptors may share similar 
mechanisms of Ca selectivity. 

After submission of this manuscript and publication of pre- 
liminary communications of this work**”°, we received a manu- 
script with a similar theoretical treatment of Ca channels in 
skeletal muscle by W. Almers and E. W. McCleskey”’. 
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Hille, B. P. Bean and M. C. Nowycky for valuable discussions, 
and A. P. Fox, O. S. Anderson and J. B. Lansman for comments 
on the manuscript. This work was supported by the USPHS. 
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Modification of tyrosine residues of proteins has attracted great 
interest. Although phosphorylation has received most attention ~, 
tyrosine-O-sulphation is also common* and has been closely 
investigated in the hormones gastrin and cholecystokinin (CCK). 
CCK regulates pancreatic enzyme secretion. It is always sul- 
phated>-” and sulphation increases its pancreatic secretagogue 
activity 100-fold™®™™. By contrast, only half of gastrin molecules 
are tyrosine-O-sulphated*”’ and sulphation does not influence the 
ability of gastrin to regulate gastric acid secretion’. We now report 
that in neonatal rat pancreas, which is the major source of gastrin 
in the newborn rat'*, gastrin is completely sulphated. Moreover, 
the disappearance of gastrin from the pancreas during the first 
weeks after birth parallels the appearance of CCK in the intestine. 
Since sulphation is essential for pancreatic secretagogue activity. 
of gastrin as well as of CCK'®"’, pancreatic gastrin in the neonate 
may be the equivalent of intestinal CCK in the adult. i 

The pancreas, antrum and small intestine of 0-, 4-, 7-, 14- and 
21-day-old Wistar rats and of 17-day fetuses were dissected out 
and frozen immediately on dry ice. Tissues were extracted by 
boiling in water and the pellet was re-extracted in cold 0.5 M 
acetic acid. The concentrations of gastrin-and CCK in the 
extracts were measured by sequence-specific radioimmuno- 
assays (RIAs), including one which distinguishes between 
non-sulphated and sulphated peptides”'*"'’. The extracts were 
further analysed by Sephadex G-50 superfine chromatography 
and ion-exchange HPLC (see Fig. 3 legend). Both gel and 
ion-exchange chromatography were monitored using gastrin 
RIAs, one (using antiserum no. 2604) measuring sulphated and 
non-sulphated gastrins'* and another (using antiserum no. 2605) 
measuring only non-sulphated gastrins™'®. | 

Figure 2 shows the fetal and postnatal changes in pancreatic 
gastrin and intestinal CCK concentrations. At birth, pancreatic 
gastrin concentration was high whereas gastrin and CCK con- 
centrations in the small intestine were low, relative to adult: 
concentrations. After the fourth postnatal day, pancreatic gastrin i 
rapidly disappeared, concomitant with the appearance of CCK 
in the intestine. 

Gel chromatography of the pancreatic extracts followed by 
RIA using the antiserum that binds both sulphated and non- 
sulphated gastrins revealed only one peak of immunoreactivity, 
in a position corresponding to ‘little’ gastrin (or gastrin-17), and 
which was not recognized by the antiserum that binds only 





-non-sulphated gastrins. The pancreatic and antral little gastrin 


was further characterized by high-pressure ion-exchange 
chromatography of the gastrin-containing fractions from the gel 
chromatography. By contrast with antral gastrin which was 
partially sulphated, gastrin from the neonatal pancreas was 
completely sulphated. Gastrin immunoreactivity in the pancreas 
co-eluted with both sulphated antral gastrin immunoreactivity 
(Fig. 3a, b) and biosynthetically *°S-sulphate-labelled gastrin 
(Fig. 3a, c). Moreover, pancreatic gastrin was desulphated by 
treatment with limpet arylsulphatase (Fig. 3d). 

Antral little gastrin was resolved by ion-exchange 
chromatography into four peaks (Fig. 3b), probably representing 
sulphated and non-sulphated forms of gastrin-15 and -17, sinc 
rat gastrin-17 contains arginine (Fig. 1) one amino acid afte 






the dibasic cleavage site of gastrin-17 (ref. 18). These identifica- “- 


tions were confirmed by the observation that on ion-exchange 
chromatography of trypsin-treated antral gastrin, there was a 
single peak for each of sulphated and non-sulphated gastrin 


i d ; 


* present address: Endocrine Genetics Unit, Massachusetts General Hospitali Boston, 
Massachusetts 02114, USA. 
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[S027] 
MURINE GasTrin-l? Potu-ARe-PRo-Pao-Mer-Giu-G.u-G.s-Giu-GLu-ALA-Tre-Guy-Tap-MeT-ASP-Phé NH, 


[$037] 
Porcine Gastetn-]? > PeLu~GLy-Pro-Tap-Het-Guu-Giu-Gu-GLu-Geu-Aa-TyR-Git-Tre-Mey-ASP-PHE “Nil, 
‘soe 


~AsP-Pro-See-His-Are~ILe~Se R-As-Aag-Asp-Tya Met-Giy-Tap-Mer-Asr- Pue “Nits 


Porcine COK~17 


The primary structure of heptadeca éj tide gastrin f rom 
rat", pig” and of the C-terminal heptadecapeptide fragment of 
pig CCKÎ, The heptadecapeptide amide ig the principal hormonal. 


form of gastrin. The homologous C-terminal sequences containing 


the biologically active sites of both gastrin and CCK are underlined, 
The sulpho-tyrosine groups of the gastrins:are given in brackets, 
since only half of the gastrin-17 molecules in- rat and pig antral. 
mucosa are sulphated, in contrast to the completely sulphated 

| porcine CCK. 


Immunoreactive gastrin 


(pmol equiv. human gastrin-17 g`’) 
Immunoreactive CCK 
(pmol equiv. porcine CCK-8 g`’) 





Age (days) 


Fig. Z The neonatal changes of gastrin in the pancreas (@) and 
CCK in the small intestine (A) of the rat. The number of rats for 
each point is 20 pooled in five groups of 4. Gastrin was measured 
‘in aqueous extracts with a specific RIA using a rabbit antiserum 

(2604: ref. 15), which detects sulphated and non-sulphated gastrins 

with equimolar potency, but CCK negligibly (P <0.0006). CCK — 

was measured in both aqueous and acetic acid extracts of intestine | 

in a specific CCK RIA'’, using a rabbit antiserum (G-160; ref. 28) 

with which sulphated gastrins react at less than 0.005% and non- 

sulphated gastrins not at all. 


(data not shown). Most of the pancreatic gastrin co-eluted with 
the trypsin-labile peak of little gastrin extracted from rat antrum 


and is thus presumably gastrin-17, although a small peak of- 


sulphated gastrin-15 was also seen (Fig. 3a). The proximal small 
intestine contains moderate amounts of gastrin in the fetal, 
neonatal and adult rat (ref. 14 and this study). In both adult 
and neonate, however, this intestinal gastrin was similar to antral 
gastrin in being only partially sulphated. | | 

Although the physiological significance of the transient 
expression of gastrin in the neonatal pancreas is not yet clear, 
the fact that it is completely tyrosine-O-sulphated suggests a 
CCK-like action on surrounding exocrine cells by a paracrine 
mode of release. Tyrosine-O-sulphation of CCK increases pan- 
creatic acinar receptor binding and secretagogue potency by 
100-fold''’'?. Although sulphated gastrin is a weaker stimulus 
than sulphated CCK, this would be compensated for by the 


_ higher concentrations achieved through intrapancreatic release. 
- Birth heralds a transition from placental to alimentary nutrition, 


so the dramatic changes in pancreatic gastrin and intestinal 
CCK concentrations in the neonate (Fig. 2) would seem to be 


related to the start of feeding, Pancreatic gastrin levels rise just. 


After birth, CCK appea 
rapidly disappears as ir 
in controlling pancreatic fu 










estinal stimuli become more important 


Immunoreactive gastrin (pmol equiv. human gastrin-17 27') 


n the intestine and pancreatic gastrin. 


nction. Pancreatic gastrin may there- 
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Fig. 3 a, Sulphation of gastrin in neonatal pancreas. Extracts 
were applied to a 5x50mm Mono-Q HR5/5 anion-exchange pi 
column (Pharmacia) equilibrated with 20 mM sodium phosphate, 
pH 6.5. The column was washed with 10 ml 0.01% v/v acetic acid — 
and eluted with a gradient from 0.01% to 12.5% acetic acid (----) ; 
over 50 min at room temperature with a flow of 1 ml min™' (ref. 
29). One-minute fractions were collected and assayed after remov-- 
ing the acetic acid by freeze-drying with two gastrin RIAs using- 
antisera 2604 (@) and 2605 (©). b, Sulphation of gastrin in antral 
extracts fractionated on Mono-Q anion-exchange column as’. 
described above. Gastrin was measured by RIAs using antisera Ee 
2604 (@) and 2605 (O) as described above. c, *°S activity (cpm 0 
@) from slices of rat antrum incubated with *°§-sulphate in sul- 
phate-free Hank’s media for 4 h. Antral extracts were then applied: 
to a Seppak cartridge (Waters Associates), washed extensively, 
eluted with methanol, dried and applied to a Sephadex G50 
column. The gastrin-17-like immunoreactivity was pooled and oo 
applied to a Mono-Q column and eluted as above and **S-sulphate _ 

" radioactivity counted by liquid scintillation. Incorporation of 7°. 
sulphate activity was directly confirmed by two-dimensional th 
layer electrophoresis of alkaline hydrolysates of the peptide*. AIt- 
the °°S-sulphate radioactivity co-migrated with tyrosine-O-sul fs 
phate standard. d, Pancreatic gastrin purified by gel ch ae 
graphy was treated with limpet arylsulphatase (Sigma $8629). Dried 

_ peptide was dissolved in 800 ul of 0.2 M sodium acetate, pH Ser. 
and 250 pg arylsulphatase, dissolved in 100l 0.2% sodium 

_ chloride, were added and the mixture incubated at 37°C for 2h. 

The incubation mixture was diluted with water and then applied 
to a Mono-Q anion-exchange column, eluted as above and gastrin 

measured by RIA using antisera 2604 (@) and 2605 (©). 














fore be important in stimulating rapid pancreatic development 
at birth to ensure adequate digestion when feeding commences. 

In addition to stimulating pancreatic growth and secretion, 
gastrointestinal and pancreatic peptides also stimulate enzyme 
synthesis. Although this action is best understood for insulin, ` 
which selectively stimulates amylase gene transcription’, CCK- 
like peptides may also stimulate trypsin and chymotrypsin- 
synthesis’. These actions may be especially important in the. 
neonate as just before parturition pancreatic enzyme concen 
tions rise markedly". Pancreatic insulin”! and gastrin con 
tions (this study) also show parallel rises just before partu: 
suggesting that these hormones induce enzyme synthesi 
surrounding exocrine cells. Whether the actual synth 
pancreatic gastrin including the tyrosine-O-sulphat 2 
controlled by mechanisms inherent in the gastrin-producing cel 
























DNA or by signals from the environment, remains to be deter- 
mined. 

The complete sulphation of gastrin is not restricted to the 
neonatal rat pancreas. The feline pancreas contains gastrin that 
is completely sulphated and, although the normal human pan- 
creas is devoid of gastrin, the small intestine of the human fetus 
contains 30-fold more gastrin than CCK and all the gastrin 
molecules are sulphated. After birth, the concentration of intes- 
tinal gastrin declines and gastrin assumes the adult partly- 
sulphated pattern (B.N.A., in preparation). Some human pan- 
creatic gastrinomas contain only sulphated gastrin”. In view of 
the localization of essentially all malignant gastrinomas to the 
pancreas’ and the homology between sulphated gastrin and the 
transforming middle-T antigen of polyoma virus”, the present 
results may also be of relevance to oncogenesis. Note, however, 
that the homology is less pronounced in the sequence corre- 
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sponding to the active site of gastrin, the C-terminal tetrapeptide 
amide. 

It has previously. been suggested that important changes can 
occur in peptide processing during neonatal development”’”*., 


Our results support the contention that an organ at different 
stages of development can be regulated by different peptides 


through modulation of a post-translational modification critical 


for receptor binding. 
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Retinoblastoma, the most common intraocular tumour of child- 
- hood, probably arises from embryonal cells and occurs in 
~ hereditary and non-hereditary forms’. Recent evidence suggests 
that this retinoblastoma (Rb) reo rg gene located at 

chromosome 13q14 is actually recessive’. Knudson has proposed 
that the tumour is caused by two mutational events’. This idea was 
extended by Comings®, who suggested that dominantly inherited 
tumours may result from loss or inactivation of both alleles of 
regulatory or suppressor genes that, when active, prevent the 
expression of a structural transforming gene(s) (possibly an 
oncogene) normally active only during embryogenesis. Despite 
circumstantial evidence’*’* for this hypothesis, no activated 
oncogene™** has been identified. We now report that (1) the N-myc 


gene is amplified 10-200-fold in two primary retinoblastomas and 


a retinoblastoma cell line Y79 and (2) expression of N-myc gene 

is highly elevated in most of the retinoblastomas examined. This 

finding suggests | that N-myc gene may have a primary role in the 

tumorigenesis: of retinoblastoma. 

_ Genomic DNA was prepared from 10 primary retinoblast- 
omas, 3 of which are described here for the first time. The other 


_ seven tumours have been karyotyped and reported previously® 
{Table 1). Various oncogenes | were used as probes in the Southern 


~~ genomic blotting analysis'*'®, We found that two tumours (LA- 
RB70 and LA-RB63-1A), both of which contain extrachromo- 
somal double minutes (DMs) (Table 1), and the Y79 cell line 
which contains a homogeneously staining region (HSR), all 
possessed a 2-kilobase (kb) EcoRI fragment in addition to the 


* Present address: Department of Pathology, School of Medicine, University of California, San 


’ Diego, La Jolla, California 92093, USA. 


13.5-kb c-myc fragment which demonstrates homology to the 
v-myc probe (data not shown). Both DMs and HSRs have 
been implicated in gene amplification of the N-myc in 
neuroblastoma ™'*, Our results suggest that the retinoblastomas 
LA-RB70, LA-RB63-1A and Y79 show a similar amplification 
of the N-myc gene. Because the homology between c-myc and 
N-myc is limited'”’'*, the N-myc sequences must be amplified to 
be detected by the y-mye probe in the Southern blotting. 
However, we found no gross abnormalities of the c-myc gene in 
these samples. 

To confirm that the 2-kb EcoRI fragment i is the N-myc gene, 
the pNb-i plasmid (provided by Dr M. Bishop), which contains 
part of the known N-myc gene, was used as probe. We found 
that LA-RB70, LA-RB63-1A and the Y7% cell lines do indeed 
contain one amplified 2-kb EcoRI fragment which hybridizes 
with the pNb-! probe (Fig. la). To exclude the possibility of 
technical artefacts, the pT24-C (c-H-ras) probe was also used 
in the same blot. Two EcoRI fragments of about 15 and 9 kb 
were hybridized with approximately equal intensity in every 
lane of DNA (data not shown). The extent of the amplification 
of the N-myc gene was determined by applying different 
amounts of DNA for Southern blotting. As Fig. 16 shows, 
compared with the level of N-myc gene in normal fibroblasts 
or other tumours, LA-RB70 and Y79 contain a 100~-200-fold 
amplification of the N-myc gene and LA-RB63-1A contains a 
10-20-fold amplification. Amplification of the N-myc gene in 
Y79 cells has also been described by Kohl et al.'®. As the Y79 
cell line has been in culture for many years, the amplification 
of the N-myc gene may be a result of clonal selection in culture 
rather than amplification i in the original cells. However, the fact 
that the gene is amplified in the LA-RB70 and LA-RB63-1A - 
tumours indicates that it can be amplified in the primary — 
retinoblastoma or. early passaged tumour cells. __ 

Meanwhile, we prepared and analysed DNA from. the fibro- 
blasts of three patients with retinoblastomas—LA-RB63-1A (a 
patient whose tumour showed amplification of the N-myc gene), 
LA-RB69 and LA-RB73—as: well as from fibroblasts. of one 
normal human embryo. No amplification of the N-myc gene 





was found in these cells (Fig. 1c). These results indicate that as ey 
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Fig. 1 Southern blot analysis of DNA from 
_retinoblastomas and normal fibroblasts, probed 
with *’P-labelled pNb-1 DNA. a, Amplification 
of N-myc gene in retinoblastoma DNA. A 2-kb 
EcoRI resistant fragment representing the 
N-myc gene was hybridized with pNb-1 probe 
in all DNA samples. Three cases, Y79, LA- 
RB70 and LA-RB63-1 contained an amplified 
N-myc gene. In addition to the 2-kb fragment, 
a 3-kb fragment of LA-RB73 was also hybrid- 
ized. The significance of this hybridization is 
not known, b, Determination of the N-myc 
gene amplification fold. Different amounts of 
DNA were digested with EcoRI, and following 
Southern analysis, probed with pNb-1. Fibro- 
blast DNA from the LA-RB63 patient was used 
as a standard for comparison. Part of the blot 
containing the 2-kb fragment region is shown 
in the figure. c, Normal fibroblast DNA from 
retinoblastoma patients had no amplification 
of the N-myc gene. Fibroblast DNA from three 
retinoblastoma patients, including one whose 
retinoblastoma contained N-myc amplification, 
one normal fetus and one adult lymphocyte 
DNA were subjected to Southern analysis, 
then probed with pNb-I as described below. In 
the same blot, an equal amount of Y79 DNA 
was used for positive control. 


LA~RB 88 


Y79 


2.0 Kb. 


Methods: Genomic DNA was prepared by the standard method? and 
electrophoresed through 0.8% agarose and blotted onto nitrocellulose. Hybridization with nick-translated 


LA-RB 89 
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~10 ug of each DNA sample were digested by EcoRI to completion, 


*2P.labelled pNb-1 DNA (specific 


activity 2.5 x 108 c.p.m. ug ') was in 40% formamide, 5xSSC at 42°C for 36-48 h. Washing was done in 0.2 xSSC, 0.5% SDS at 55°C. 


N-myc gene amplification occurred solely in tumour tissue, 
expression of this sequence could have an aetiological role in 
retinoblastoma formation. 

It remained possible that abnormalities of other oncogenes 
existed in the eight tumours in which N-myc was not amplified 
at the DNA level. However, when ras, ets, myb, erb and fps 
were used as probes'” to determine if there had been any 
rearrangements or other changes of these oncogenes, no gross 
abnormalities were found in any tumour (data not shown), 
although we cannot exclude the possibility that a point mutation 
has occurred in those genes which could be important for tumour 
formation. 

Gene amplification is only one of several mechanisms for 
increasing gene expression'”. To determine whether there was 
increased expression of N-myc in retinoblastoma at the mRNA 
level and whether this expression is specifically associated with 
gene amplification, we prepared RNA from 10 individual 
tumours, the Y79 cell line, four different fibroblast samples, one 
human fetal retina and one bovine retina. This RNA was then 
used to perform RNA dot analysis” using the pNb-1 as probe. 
We found that the Y79 cell line and four retinoblastomas (LA- 
RB63-1, LA-RB70, LA-RB78 and LA-RB109) expressed about 
100-fold higher levels of N-myc mRNA than did retinal cells. 
The other tumours also had elevated levels of N-myc mRNA 
expression. However, N-myc expression was essentially un- 
detectable in the fibroblasts (Fig. 2). 

The LA-RB63-1A and LA-RB70 tumours as well as the Y79 
cell line contained an amplified N-myc gene and consequently 
the presence of a high level of N-myc mRNA was anticipated, 
However, the other tumours did not contain detectable amplifi- 
cation of the N-myc gene, yet expressed a high level of N-myc 
mRNA, varying within four to fivefold. We do not know the 
significance of this difference. This increased expression might 
be due to the loss or inactivation of both alleles of a regulatory 


_ gene or a mutation at the regulatory site of the N-myc gene. If 
the first possibility is true, the Rb gene in 13q14 might actually 
be a regulator of N-myc expression. 


We also analysed mRNA from neuroblastoma cell lines 
LA-N-1I, LA-N-5 and SKN-SH as controls. The LA-N-1 and 
LA-N-5 cells showed a high level of N-myc expression'® whereas 
two SKN-SH cell line variants contained neither amplified levels 
of the N-myc gene nor increased mRNA expression ( Fig. 2). We 
emphasize that N-myc amplification appears to occur primarily 











ug RNA ug RNA 
106 5.0 2.5 1.25 100 50 2.5 ‘12s 

SKN-SH 1 LA-RB 69A ee 
SKN-SH 2 LA-RB 64 
LA~WN-] LA-RB 59 
LA-~N-5 LA -RB 109 

Fetus LA~RB 78 
Fibro. | LA 73 LA~RB 73 
blast LA 69 LA~RB 88 

LA 63-1 LA -RB 89 
Fetus Retina LA -RB 70 
Bovine Retina LA =RB 63-1 
L9 Y79 


Fig. 2 Dot analysis of RNA from retinoblastoma, fibroblast, 


neuroblastoma and retina cells. Total cytoplasmic RNA was pres 


pared by a method using Nonidet-P40 to lyse the cell membrane, - 
followed by phenol-chloroform extraction”. RNA was precipi- 
tated by ethanol and quantitated with Asọ and directly dotted 
onto a nitrocellulose membrane in 20x SSC. Hybridization was in 
50% formamide and 5x SSC at 42°C with pNb-1 as probe. Washing 
was done in 0.2x SSC and 0.5% SDS at 60°C. Due to the limited 
amount of samples, some of the lanes contain RNA only in the 
first one or two dots. 


in the advanced metastatic stages of neuroblastoma’', which 
implies that the N-myc gene may be involved in the progression 
of malignancy in this disease. In contrast, except for LA-RB78 
which was obtained from a rib metastasis, all other retinoblas- 
tomas with increased N-myc either at the gene or mRNA level 
were obtained as relatively small non-metastatic intraocular 
tumours. As these tumours included both hereditary (bilateral) 
and non-hereditary (most unilateral) cases (Table 1), the possi- 
bility exists that increased N-myc expression has a more funda- 
mental role in retinoblastoma formation. , 
Although the N-myc gene has a limited sequence homology 
to the c-myc gene, the oncogenic potential of this gene is 
unknown. A suitable in vitro assay system to test the transform- 
ing ability of the N-myc gene should provide information on 
this issue. Nevertheless, the positive correlation between N-myc 
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Bilateral 
Tumour (B) or Presence N-myc 
Tumour material unilateral of DM N-myc gene mRNA 
designation used {U} case or HSR = amplification expression 

LA-RB59 SQP I* U ~ — + 
LA-RB63-1A  SQPI B + 10-20 +++ 
LA-RB64 SOP! U = ~— + 
LA-RB69A EP 9t B =- m + 
LA-RB70 Primary U + 100-200 ++ 
LA-RB73 Primary B - =- + 
LA-RBT8 SQP 2 U ~ ~— +++ 
LA-RBS88 Primary B m ++ 
LA-RB&9 Primary U ~ — ++ 
LA-RBIiO9 Primary U a — + 
¥79 Cell line B + 100-200 t 


Turnours LA-RB59 to LA-RB78 have been described in ref. 8. Tumour LA-RB78 — 


was obtained from rib metastasis rather than intraocular tumour. DM, extra- 
- chromosomal double minutes; HSR, homogeneously staining region; +, high level 
aie of expression; —, not found. 
.. “Subcutaneous passage in nude mice. 
+Eye passage in nude mice. 


< amplification in neuroblastoma and N-myc expression in the 
. retinoblastoma strongly suggests that the N-myc gene may 
+; implies that the N-mye gene may be involved in the progression 
_ of malignancy in this disease. In contrast, except for LA-RB78 
which was obtained from a rib metastasis, all other retinoblast- 
~~ omas with increased N-myc either at the gene or MRNA level 
= were obtained as relatively small non-metastatic intraocular 
tumours, As these tumours included both hereditary (bilateral) 
< and non-hereditary (most unilateral) cases (Table !), the possi- 

-bility exists that increased N-myc expression has a more funda- 

mental role in retinoblastoma formation. 

Several human tumours, including retinoblastoma, Wilms’ 

tumour and neuroblastoma, are associated with specific chromo- 

ma al deletions”. The recessive nature of a relevant gene for 













the Rb gene La hy is likely for Wilms’ tumour’. We 

late that recessive genes like the Rb gene in these tumours 

may have a regulatory role to modulate a set of proto-oncogenes. 

~ This- hypothesis can be tested when the molecular nature of the 
Rb gene is elucidated. 
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and C. Mark for his preparation of retinoblastoma specimens. 
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Avian erythroblastosis virus (AEV) induces both erythroblastosis 
and fibrosarcoma in chickens". The viral oncogene responsible for 
these diseases, erb, is divided into two regions, erb-A and erb-B, 
although recent evidence suggests that it is primarily the erb-B 
gene product that is responsible for the transforming activity“ 
The erb-B gene product has been reported previously to be 
a membrane glycoprotein of 68,000 molecular weight | (MW), 
gp68°* (refs 6, 7). However, we show here that gp68°"” is an 
intracellular precursor which is modified further to a 74 000 MW 
protein, gp74“*”. By the criteria of resistance to digestion with 
endoglycosidase H, subcellular fractionation and inhibition of 
biosynthesis by the ionophore monensin, gpa appears to be 
located at the cell surface. Recently, a comparison of the erb-B 
sequence? with that of the epidermal growth factor (EGE ') receptor 
has shown that these two genes are highly homologous’, and that 
erb-B appears to represent a truncated form of this growth factor. 
In light of these data the identification of gp74°"” at the plasma 
membrane suggests that this may be the functionally important 
form of the erb-B gene product. 

Identification of homology between the erb-B gene product 
and the tyrosine kinase domains of other viral oncogenes? 
prompted us to propose that the erb-B gene product may func- 
tion as a growth factor receptor®’*''. Our hypothesis has 
recently been confirmed with the demonstration that erb-B 
shows near identity with the carboxy-terminal third of the human 
EGF receptor’, and suggests that erb-B functions as a truncated 
growth factor receptor. However, this highlighted the major 
problem with our original hypothesis, namely the inability to 
detect a form of the erb-B glycoprotein that exhibited the hall- 
marks of a classic plasma membrane protein, for if erb-B func- 
tions as a growth factor receptor it should lie in the plasma 
membrane. It was therefore possible that a more mature form 
of the erb-B protein existed which we had failed to identify. We 





considered this highly possible, as our antisera raised in tumour- 


bearing rats recognized both the erb-A and erb-B proteins, and 
a form of the erb-B protein could be obscured by the erb-A- 
encoded protein p75“ (ref. 12). 

While screening antiserum from tumour-bearing rats which 
had been injected with lower numbers of AEV-transformed rat-1 
cells than used previously‘, we identified 10 out of 60 animals 
tested which produced erb-B-specific antibodies. These antisera 
were used to analyse the erb-B proteins in greater detail. 
Immunoprecipitation analysis (Fig. la, track 2) revealed that 
these antisera precipitated only the erb-B proteins gp66 and 
gp68 from the AEV-transformed erythroblasts, whereas our 
original tumour-bearing antisera precipitated both the p75°? 
and the erb-B proteins (Fig. la, track 3). Normal rat serum did 
not precipitate any of these proteins (Fig. la, track 4). 

Our initial aim in preparing erb-B-specific antisera was to 
identify forms of the erb-B glycoprotein that had gone undetec- 
ted in our previous studies. An examination of the 458. 
methionine-labelled proteins precipitated by the erb-B-specific 
serum failed to reveal any additional proteins (Fig. la, track 2). 
However, when the AEV-transformed erythroblasts were 
labelled for 16 h with “H-glucosamine, an additional protein of 
74,000 MW, gp74, was obtained (Fig. la, track 1). This ere 


re 
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Fig. 1 jdeainenen of erb-B-specific antiserum. Erythroblasts 
transformed by AEV-ES4 {f | a) or an isolate of AEV-1d359 
recovered from an infected chicken (panel b) were labelled with 
100 pCi of **S-methionine for 30 min (tracks 2-4) or 500 pCi °H- 
glucosamine for 16h (track 1): Immune precipitates were formed 
using rat anti-erb-B serum (tracks 1, 2), rat anti-erb-A plus erb-B 
{track 3) or normal rat serum (track 4). The precipitates were 
analysed by SDS-polyacrylamide gel electrophoresis and the 
labelled proteins were visualized by fluorography. The films were 
exposed for 2 days for tracks 2-4, and 3 weeks for track 1. Anti-erb 
serum was prepared by injection of 10°-10° ATla cells 
intraperitoneally into 10-14-day-old (Fischer x Wistar)F, rats as 
described previously’. The sera were collected 10-12 weeks later 
and tested for anti-erb activity by immunoprecipitation. 


was precipitated by the erb-B-specific serum from extracts of 
AEV-transformed erythroblasts (Fig. la, track 1) or fibroblasts 
(data not shown), suggesting that it was either an erb-B-encoded 
protein or a cellular protein. To distinguish between these 
possibilities, we used AEV-rtd359, a back mutant of AEV-td359 
which has recovered the ability to transform erythroblasts but 
which has a deletion in erb-B and synthesizes erb-B proteins 
that are 12,000 daltons smaller than the wild-type protein (T. 
Graf, M.J.H., H.B. and B. Vennstrom, unpublished observa- 
tions). Therefore, if gp74 was in fact encoded by erb-B, one 


, would expect a glucosamine- labelled protein of a smaller size. 


The *°S-methionine-labelled erb-B protein of AEV- rtd359 had 
MWs of 54,000 and 56,000 (Fig. 1b, track 2), the *H-glucosamine- 
labelled proteins were of MWs 56,000 and 62,000 and no gp74 
was identified in these cells (Fig. 1b, track 1). These data show 
that the gp74 glycoprotein is not a cellular protein, as it would 
have been detected in all the transformed erythroblasts. In 
addition, because there is a °H-glucosamine-labelled protein 
6,000-10,000 daltons larger than the largest *°S-methionine- 
labelled erb-B protein in both AEV strains, the data strongly 
suggest that these larger forms are products of the erb-B gene. 

The presence of *°S-methionine-labelled gp74 was investi- 
gated by pulse-chase analysis and precipitation of the lysates 
with erb-B-specific antiserum. Following a 30-min pulse-label, 
both gp66 and gp68 were found in the cells (Fig. 2a), and during 
the chase period gp66 was processed into gp68, as shown pre- 
viously°. However, after a 1-h chase period, gp74 was also found 
in the cells, the amount increasing after 2h and reaching a 
steady-state level by 4h (Fig. 2a). Interestingly, the amount of 
label found tn gp74 accounts for only ~25% of that initially 
detected in gp66 and gp68 (Fig. 2a). This means either that only 
25% of the newly synthesized erb-B protein was processed into 


the gp74 form and the rest was rapidly degraded intracellularly 


or that the gp74 protein is being sequestered to a pool that is 
no longer detectable. 

Digestion with the enzyme endoglycosidase H (endo-H)'* had 
shown previously that both gp66 and gp68 were sensitive to 
digestion by this enzyme’. To see if gp74 was also sensitive to 
digestion, cells were labelled for 30 min with °°S-methionine 


and chased for 3h to allow the formation of gp74. Figure 2b 
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Fig. 2 Pulse-chase and endo-H digestion analysis of the erb-B = 
glycoprotein. a, Erythroblasts transformed by AEV-ES4 were 
labelled for 30 min with 100 pCi *°S-methionine. The cells were 

then pelleted and resuspended in complete growth medium, An 
aliquot of cells was removed for time point zero (P) and subsequent 
aliquots were removed after 1, 2 or 4h. Detergent lysates were 
prepared and immune precipitates formed with either normal rat - 
serum (N) or rat anti-erb-B serum (1). b, AEV-ES4transformed = 
erythroblasts were labelled for 30 min with °°S-methionine, pelleted 
and resuspended in complete growth medium. The cells were then 
incubated for a further 3h, collected and detergent lysates pre- 
pared. Immune precipitates were then formed with either normal 

rat serum (tracks 1, 2) or rat anti-erb-B serum (tracks 3, 4). The 
immune precipitates were then halved and one-half was treated 

with endo-H (+) as described previously'*. The other half of the 
sample was treated in exactly the same way but without the addition 

of endo-H(-—). All samples were analysed on a 10% SDS-poly- 

acrylamide gel. 
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Fig. 3 Localization of gp74°? to the plasma membrane. AEV- 
ES4-transformed erythroblasts were labelled for 30min w 
500 pCi of °*S-methionine, and pelleted at 1,500g for 5 min. They 
were then resuspended in growth medium, and an aliquot (~10%)" a 
of the cells was taken to check the total incorporation (Totali. 
From the remainder, half were removed for time point zero (a), 

the rest were incubated for a further 2 h (b). Both cell populations | 
were then fractionated into plasma membrane (PM), smooth mem- 
brane (SM) and rough endoplasmic reticulum (RER)-enriched 
membrane populations, the fractions were characterized by 
buoyant density, RNA content and the presence of marker enzymes 

as described previously®'®'’. The membranes were dissolved in 
0.5% NP40, 0.5% DOC, 50 mM Tris-HCI pH 8.1, 100 mM NaCl, 

and immune precipitates formed with either normal rat serum (N) 

or anti-erb-A + B serum (I). The precipitates were analysed on a 

10% SDS-polyacrylamide gel and the proteins visualized by 

fluorography after 10 days’ exposure. 


shows that the gp68 form is still sensitive to endo-H, whereas. 
the gp74 form is completely resistant to this enzyme, indicating —- 
that the carbohydrate chains on gp74°® have been proce 
into the complex form. i : 

Analysis of gp66°" and gp68° by subcellular fraction 
ation had localized these proteins to the microsomal fraction. of. 
the cell®. However, these previous studies had not distinguished 










Fig. 4 Monensin inhibits the formation of gp74°*. AEV-trans- 
. formed erythroblasts were preincubated for 2 h in the absence (—) 
or presence (+) of 104M monensin (a kind gift of Dr M. Owen). 
- Cells were then labelled for 30 min with °°S-methionine, one popu- 
- tation in the absence and the other in the presence of 104M 
>. monensin. The cells were pelleted and half taken from each popula- 
a tion for the pulse time point (tracks 1, 3), the rest being resuspended 
-in growth medium and incubated for a further 2 h, again in the 
absence (~) or presence (+) of 104M monensin (tracks 2, 4). 
_ Detergent extracts were prepared and immune precipitates formed 
with anti-erb-B serum. The precipitates were analysed on a 10% 
SDS-polyacrylamide gel, and the proteins visualized by fluoro- 
graphy. Exposure time 5 days. M denotes '*C-labelled molecular 
weight standards from Amersham of 200,000, 94,000, 68,000, 45,000 
and 30,000, 





in which membrane populations the proteins resided, nor had 
any biosynthetic pathway for the processing of the erb- B gly- 
coprotein been elucidated. We therefore extended this analysis 
by subfractionating the microsomes into rough endoplasmic 
reticulum, a smooth membrane fraction and plasma membranes. 
The localization of the erb-B proteins was also analysed follow- 
.. ing a pulse-label of 30 min and a chase of 2h to monitor any 
< redistribution of the various glycoproteins (Fig. 3). Initially, 
~~ both gp66°? and gp68°? were located in the rough endoplas- 
mic reticulum, as would be expected for intrinsic membrane 
glycoproteins (Fig. 3a). After 2h, gp74°" was detected, but it 
was located exclusively in the plasma membrane-enriched frac- 
tion of the cell (Fig. 3b). In contrast, gp68°"” was still mainly 
located in the rough endoplasmic reticulum fractions although 
a minor portion was also found in the plasma membrane- 
enriched fraction (Fig. 3b). 

Monensin ts a sodium ionophore which alters the intracellular 
transport of membrane glycoproteins'*. Because gp74 seems to 
be the plasma membrane form of the erb-B gene, it was of 
interest to test whether monensin would inhibit its processing. 

_ A pulse-chase analysis performed in the presence and absence 
c £10 pM monensin revealed that in the absence of the ionophore 
the erb-B glycoproteins were processed to the gp74 form as 
usual (Fig. 4, tracks ls 2). In contrast, although gp66°? was 
processed to gp68°? in the presence of monensin, no gp74°"? 
‘was produced (Fig. 4, track 4). Therefore, monensin completely 
-inhibits the processing of gp68”®® to gp747®® 
oo! The production of antisera specific for the erb-B product 
allowed us to identify and characterize a previously un- 
recognized form of the erb-B glycoprotein, namely gp74°"". 
» Moreover, the observation that gp68°" is sensitive to endo-H 
hereas gp74e B is not, implies that the processing of gp66 t? 
o gp68®® takes place in the rough endoplasmic reticulum 
_ Whereas the processing of gp68°® F to gp74°””” probably occurs 
in some compartment of the Golgi complex. The sensitivity of 
the processing of gp68°" to gp74°”"* to the presence of 10 yM 
< monensin, an ionophore which interferes with the passage of 
certain glycoproteins through the Golgi apparatus'*, is con- 
sistent with this hypothesis. Taken together with the cell fraction- 


ation ı studies, these data mp i that gp7aen® is the plasma 
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membrane form of the erb-B gene T a similar molecule 
has recently been identified by M. L. Privalsky and J. M. Bishop 
(personal communication). 

With regard to the finding that the erb-B gene appears to b 
a truncated form of the growth factor receptor, most of the 
coding information removed comes from the amino-terminal 
end of the EGF receptor’, which would include the EGF binding 
site. This helps to explain two recent observations. First, 
although there is near identity at the amino acid level between 
erb-B and EGF receptor, antisera against these two proteins do 
not cross-react (M.J.H., J. Downward and M. Waterfield, unpub- 
lished observations). However, this is not surprising as the 
anti-EGF receptor antibodies are directed against its amino 
terminus, which is missing from erb-B, and antibodies against 
the external domain of erb-B probably cannot gain access to 
this region in the EGF receptor because in erb-B the domain 
has a MW of only ~ 12,000 compared with 115,000 for the EGF 
receptor. Second, no kinase activity associated with erb-B has 
been detected in the standard immune complex assay’. This is 
consistent with its having lost the binding site for the growth 
factor, interaction with which would presumably stimulate 
activity. However, this does not mean that erb-B could not 
function as a kinase in certain specific conditions, and this — 
enzymatic function may yet be involved in erb-B-induced cell - 
transformation. | 
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Wyke and P. J. Enrietto for their critical comments and help 
with the manuscript, and Joyce Newton and Irene Esmond for 
typing the manuscript, 
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The application of molecular cloning to antibiotic-producing 
microorganisms should lead to enhanced antibiotic productivity 
and to the biosynthesis of novel antibiotics by in vitro interspecific 
recombination'*. To allow such approaches, the genes for anti- 
biotic synthesis must be isolated, analysed and perhaps modified. | 
Certain Streptomyces species produce nearly two-thirds of the | 
known natural antibiotics’; ; the recent development of cloning — 
systems in the genus* 7 makes it possible to isolate and analyse 
Streptomyces genes. However, antibiotics are metabolites which 
require sets of several enzymes for their synthesis and attempts 
to isolate the corresponding genes have so far yielded clones 
carrying either individual genes of the set, or only incomplete gene 
sets’"''. We describe here the isolation of a large continuous 














segment of Streptomyces coelicolor DNA which apparently carries — x e 
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the complete genetic information required for synthesis of an 
antibiotic, actinorhodin, from simple primary metabolites. Not 
only can the cloned DNA ‘complement’ all available classes of 
actinorhodin non-producing mutants of S. coelicolor but, on 
‘introduction into a different host, Streptomyces parvulus, it directs 
the synthesis of the antibiotic. The tendency for the genes for 
antibiotic synthesis to be clustered together on the chromosomes 
of Streptomyces species™” and the availability of plasmid vectors 
which can carry stable inserts of DNA larger than 30 kilobase 
pairs (kb) and which can be introduced efficiently into Streptomyces 
protoplasts, suggest that the experiments described have general 
significance for this area of biotechnology. a 

Actinorhodin’* belongs to a class of antibiotics named iso- 
chromanequinones which also includes’ granaticin’s, kala- 
fungin™ and the nanaomycins'®. It is derived biosynthetically 
from acetate units (acetyl coenzyme A) through the polyketide 
pathway”. Rudd and Hopwood" isolated 76 actinorhodin non- 
producing mutants (act) and classified them into seven 
phenotypic classes, where each class represented lesions in a 
different biosynthetic step. Mutants in ‘six of the classes co- 
synthesized actinorhodin in combination with other mutants, 
allowing a tentative biosynthetic sequence to be deduced, as 
follows: tee 








BIH VEE iv VI v : . 
—— bh me os actinorhodin. 


_ Mutants of class H failed to co-synthesize actinorhodin in any 


combination and perhaps included polar and regulatory muta- 
tions. At least one mutation of each class was mapped to the 
same segment of the S. coelicolor chromosome'®. The actino- 
rhodin system therefore offered the possibility of cloning a DNA 
fragment encoding a complete biosynthetic pathway provided 
that a suitable vector was available, with the eventual aim of 
analysing its physical organization and regulation. 

Reconstruction experiments indicated that Act* colonies 


_could be detected easily among a large number of act colonies 


by the formation of the blue diffusible actinorhodin when grown 
on R2YE medium®. ‘Complementation’ of an act mutant, detec- 
ted by restoration of the pigmented phenotype, was therefore 
used as the screen for desired clones. A mutant of act class V, 
blocked in a late step of the biosynthesis (and also carrying a 
red mutation to abolish production of the other pigment, 
undecylprodigiosin'’) was used as the recipient for cloned DNA 





from the wild-type act” strain. 


The plasmid SCP2*, a 31-kb sex factor of S. coelicolor ®”, 
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Fig. 1 Comparative restriction maps of act* clones p1J2301, p1J2300 


maps of overlapping fragments subcloned into SCP2*-derived vectors; 
of p1J2300, p1J2303 carries a new Bglll site (arrow). From the results 


of p1J2303 to ‘complement’ all of the act mutants tested, and may be explicable by homologous recombination between plJ2300 (with wil 
coelicolor JF4, giving rise to a heterogeneous plasmid p opulation, Dashed lines indicat 


DNA) and the chromosome of the act mutant in S. | 
| E plJ922 vector DNA, with the EcoRI 
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has recently been developed into a series of cloning vect 
deletion of dispensable DNA and by addition of drug resi 
markers”. One such vector is p1J922 (25 kb) which. 
gene for thiostrepton resistance (tsr) from Streptomyces azure 
and has single sites for several restriction enzymes, includi 
BamHI, within a non-essential region. DNA of plJ922, purifies 
by CsCl-ethidium bromide density gradient centrifugation, 
after alkaline lysis”, was digested with BamHI. After phenol 
extraction, 0.5 ug of the linearized plasmid was mixed withSpg 
of chromosomal DNA from an act’ S. coelicolor strain which __ 
had been partially digested with Mbol and size-fractionated in 
a sucrose density gradient” to give fragments in the size range __ 
15-30 kb. The DNA mixture, after ethanol. precipitation, was 
dissolved in T4-DNA ligase buffer and ligated” ata final DNA 
concentration of 50 ug ml~'. The ligated DNA was re-precipi- 
tated and dissolved in 25 ul TE (10 mM Tris-HCl, I mM EDTA, | 
PH 8). An aliquot containing 4.4 wg of ligated DNA was used He 
to transform” protoplasts of S. coelicolor SCPI strain JF4 o 
(proAl argAI cysD18 strA1 act109 (V) redE60)*, After allowing 
20h for phenotypic expression of thiostrepton resistance, the 
R2YE regeneration medium plates were overlaid with soft. 
nutrient agar (Difco) containing thiostrepton to give a final 
concentration in the entire plates of 50 wg mi`'. eed 
Two blue colonies (presumptive clones) were detected among 
a total of ~8,000 transformants growing on 20 plates, Isolation 
_ of CCC DNA from the colonies revealed recombinant plasmids 
(named pIJ2300 and p1J2301); each was introduced by trans. - 
formation into act mutants of each of the seven classes, with — . 
the results shown in Table 1. p1J2300 complemented all classes 
except VI, while pIJ2301 complemented classes V, VI and VI 
Restriction maps of the plasmids revealed inserts of 34 ando 
16 kb in p1J2300 and pIJ2301 respectively, with an apparently 
overlapping region of 12 kb (Fig. 1). me ae 
_The entire insert of p1J2300 was bounded by BamHI sites, 
Moreover, preliminary subcloning experiments showed. th: 
class VI mutations could be complemented by a 4.5-kb Bam a 
fragment uniquely present at the left-hand end of p1J2301 (1 
1) and presumably the most distal region carrying biosynthetic. 
genes. This suggested a strategy for constructing a single clone 
able to complement all available act mutants, and perhap. 
containing the entire chromosomal region responsible fo 
actinorhodin biosynthesis. A mixture of p1J2300 partially. 
digested with BamHI and pIJ230! completely digested with —. 
BamHI (plus EcoRI to prevent re-formation of pIJ2301) was 
ligated and used to transform protoplasts of strain JF3 (act class = 
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and p1J2303. The maps of p1J2300 and pIJ2303 were derived from the 


In addition to loss of a 6-kb BamHI fragment from the right-hand 
Of subcloning experiments, this discrepancy does not affect the. 


and Bgill sites shown for orientation. te 








Table 1 Complementation test of act* recombinant plasmids with act 
S. coelicolor mutants and expression of the clones in S. parvulus 


esanian a 


Recipient strain Blue pigment produced by strains 


carrying 
John Innes stock no. act class  p1J2300  plJ2301 = p1J2303 
S. coelicolor™ 
JFI H + — + 
TK17 I + a 4 
TKI8 HI + -= a 
B257 Vil + + + 
TKI6 IV + ~ + 
JF3 VI + $ 
JF4 V + + es 
S. parvulus 2283+ = = ~= + 
S, parvulus 26184 = ~ — if 


ae ea a eee 

-* All the strains are mutational and recombinational derivatives of 

-oelicolor A3(2); their complete genotypes are as previously reported’. 
“hromosomal marker: str-/. 

“Chromosomal markers: cys-! his-5. 





















` VI). Of 20 blue transformants, one carried a plasmid (p1J2303) 
‘that complemented strongly act mutants of all seven classes. 
the restriction map of p1J2303 (Fig. 1) demonstrated insertion 
the required 4.5-kb BamHI fragment from p1J2301 at the left 
nd-of the p1J2300 insert and in the original orientation of 
301. At the opposite end, p1J2303 showed deletion of a 6-kb 
BamHI fragment present in p1J2300, but evidently this was not 
equired for complementation of any of the available act 
` = mutants. 
->> To determine whether p1J2303 carried the entire set of act 
¿> biosynthesis genes, p1J2300, p1J2301 and pIJ2303 were intro- 
duced by transformation into genetically marked strains of 
parvulus ATCC 12434. This strain does not produce actino- 
~rhodin and is not a close relative of S. coelicolor A3(2) as judged 
er by conventional taxonomy or by DNA-DNA hybridiz- 
ation”®. It is, however, a host for SCP2 plasmids. Only those 
-= transformants that grew on R2YE plates containing thiostrepton 
~~ and which carried p1J2303 were blue (Table 1). Thin-layer 
< chromatography of methanol extracts’ of the S. parvulus host 
“gi tures and the same strains containing each of the three 
combinant plasmids showed the presence of a blue pigment 
only in clones carrying p1J2303. This blue pigment co-migrated 
“with a corresponding pigment in extracts from act* but not act 
_ §. coelicolor cultures and had acid-base indicator properties 
characteristic of actinorhodin. The amounts of the blue pigment 
in extracts of S. parvulus carrying p1J2303 were similar to those 
of wild-type S. coelicolor. This result suggests that the entire 
-. DNA sequence corresponding to the structural genes for actino- 
rhodin biosynthesis is carried by p1J2303. 

The success of the cloning experiments reported here may 
well have depended on the use of a low-copy number vector 
(the estimated copy number of the parent SCP2 is one per 
chromosome of S. coelicolor*') so that the recipient strain is not 
likely to be placed at a disadvantage by possible high-level 
expression of physiologically active gene products. This view is 

_. supported, though not proved, by our failure to isolate any Act” 
--¢lones in extensive trials with the high-copy number vector 
~~ p1J702 (ref. 27) despite the fact that this vector has proved 
convenient for the cloning of comparatively short segments of 
`. DNA carrying other genes***. Vectors such as p1J922, and other 
-| SCP2* derivatives recently developed by Lydiate*’, appear to 
be particularly suitable for the stable maintenance of large 
agments of cloned DNA. Moreover, the large recombinant 
plasmids are readily isolated from Streptomyces cultures”, and 
transform Streptomyces protoplasts efficiently. Thus p1J2300, of 
© §9kb, yielded 10° transformants per pg of DNA in optimal 
conditions, compared with 10’ for the pIJ922 vector. 
As the entire carbon skeleton of actinorhodin is derived from 
acetate'’, no specialized primary metabolites are required for 
its biosynthesis, a factor which may have contributed to the 






























efficient expression of p1J2303 in S. parvulus, leading to produc- 
tion of actinorhodin. Many important antibiotics are also poly- 
ketides—including the macrolides, tetracyclines and rifamycins. 
It is generally accepted that the primary carbon skeletons Of 
polyketides are assembled on multienzyme complexes (or multi- ^ 
functional enzymes) analogous to fatty acid synthetases”, and 
the genes or gene clusters that encode polyketide synthetases 
may have had a common evolutionary origin, perhaps shared 
with fatty acid synthetases. Thus, the availability of clones 
carrying the presumptive actinorhodin ‘synthetase’ may be use- 
ful, not only as a model system, but possibly as DNA probes 
for the isolation of other antibiotic synthetases, 

We thank Derek Lydiate for making available his unpublished 
results and for vector plasmids, Jerry Feitelson for helpful 
discussions, and Mervyn Bibb, Keith Chater and Tobias Kieser 
for useful comments. F.M. acknowledges a post-doctoral stipend 
from the Juan March Foundation of Madrid. 
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DNA-mediated gene transfer (transfection) studies using NIH 3T3. 
cells as recipients have demonstrated the presence of transforming - 
genes (oncogenes) in diverse human tumours (for reviews see refs W% 
1, 2). A large proportion of oncogenes so far detected by DNA / 
transfection are related to the Ha-ras onc gene of Harvey (and 
BALB) murine sarcoma viruses (MSV)**, Ki-ras, the oncogene 

of Kirsten MSV*”*, and a third member of the ras gene family, 
N-ras (refs 8-12). Individual tumours of many different organs | 
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have been associated with the activation of members of the ras 
gene family. We now present the first systematic survey of human 
urinary tract tumours processed immediately after surgery, as well 
as normal tissues from the same patients, to detect the presence 
of such genes. We demonstrate activation of Ha-ras as an oncogene 
-in around 10% of randomly selected urinary tract tumours as well 
as direct evidence that oncogene activation is the result of a somatic 
event which is selected for within the tumour cell population. 

Urinary tract carcinoma, at any site from: renal pelvis to 
urethra, is considered to be a gross manifestation of a generalized 
neoplastic change of its epithelium, the urothelium. Multiple 
bladder carcinomas are not uncommon at cystoscopy and 
detailed histological examination of surgical specimens from 
patients with carcinomas of the bladder, renal pelvis and ureter 
has revealed a high incidence of neoplastic and preneoplastic 
lesions at sites other than the actual tumour’ ™!*. To survey for 
oncogenes detectable by transfection analysis, high molecular 
weight DNA in sufficient quantity for analysis was obtained 
from 23 out of 32 randomly selected consecutive specimens of 
urinary tract tumours. The tumours were transitional cell 
carcinomas except for one adenocarcinoma. 

Transforming activity was observed with two tumours. These 
two patients (JPT26 and JBT44) had no special features in terms 
of occupation, past history, or clinical or pathological charac- 
teristics of the tumour". Moreover, there was no apparent 
correlation between the presence of an active oncogene and the 
degree of invasiveness of the tumours analysed. In each case, 
transforming activity survived a second cycle of transfection 
using high molecular weight DNAs of individual first-cycle NIH 
3T3 transfectants (Table 1). Southern blotting analysis showed 
the presence of human repetitive sequences in all first- and 
second-cycle transfectants, implying that the foci observed were 
induced by human DNA (data not shown). 

DNAs from JPT26- and JBT44-induced foci were hybridized 
` with nick-translated probes specific to each of the ras oncogenes. 
Neither human Ki-ras nor N-ras probes detected DNA frag- 
-= ments other than the endogenous bands (data not shown). 
However, when BamH\I-digested transfectant DNAs were ana- 
lysed for Ha-ras-related sequences, all tested JPT26 and JBT44 
transfectants exhibited an additional 7-kilobase pair (kbp) DNA 
fragment (Fig. la). These findings identified the oncogene in 
each tumour as an activated allele of the Ha-ras proto-oncogene. 

Accumulating evidence indicates that the major sites for the 
genetic lesions responsible for activation of ras oncogenes in 
neers nt 
Table i Transforming activity of DNA from human urinary tract 

tumours 


te ene 
Total no. foci/total DNA 
tested (jg) 






Donor DNA Primary Secondary 
T24 bladder carcinoma 85/400 ~ 
JPT26 renal pelvic carcinoma* 8/320 37/240 
JBT44 bladder carcinomat 15/320 28/240 


SaaS 

Human tumours were minced with scalpels within 4h of surgical 
removal, incubated for 3h at 37°C with 200 ug ml~' of proteinase K 
in the presence of 0.5% SDS and 10 mM EDTA, extracted with phenol 
and precipitated with ethanol. High molecular weight DNA was further 
purified by treatment with RNase, proteinase K and extracted with 
phenol/ chloroform. These DNAs, as well as DNAs from representative 
first-cycle NIH 3T3 transfectants, were used to transfect onto NIH 3T3 
cells by the calcium phosphate precipitation technique, as described 
previously°. Foci of transformed cells were scored at 21 days. Twenty- 
three tumours, including four non-invasive tumours, were tested. Two 


a Of these were cytological grade 1, 11 were grade 2 and 10 were grade 


3 (ref. 15). In 10 cases, bladder tumours were multiple. Eight patients 
had a previous history of bladder tumours. 

* JPT26, a 33-yr-old male who had the right kidney and ureter removed 
for a papillary non-invasive transitional cell carcinoma, grade 2 of the 
renal pelvis. 

t JIBT44, a 44-yr-old male who underwent transurethral resection of 
recurrent multiple transitional cell carcinomas of the bladder which 
were grade 2 and invaded the submucosa (P1), - 














Fig. 1 Detection and identification of the human urothelial Care oe 
cinoma transforming genes and their MspI sensitivity at codon 12,000 | 
20 ug of high molecular weight DNA were digested with BamHI = 
{column a) or with MspI and Hpall (column b), electrophoresed. 


in 1.2% or 2.0% agarose gel, respectively, transferred to nitro 
lulose paper and hybridized as described previously®**. a, D} 
from NIH 3T3 cells (lane 1), human placenta (lane 2), as well as 
representative first-cycle transfectants of JPT26 (lane 3) and JBT44 
(lane 4) tumours were hybridized with the 6.6-kbp BamHI fragment - 
of the T24 oncogene, p24-c3 (ref. 17). In these conditions, the - 
mouse endogenous 3.5-kbp Ha-ras-related fragment was not ob- 


served. Co-electrophoresed DNA fragments of HindI!1-digested — ae 


Ac1857 DNA served as molecular weight standards. b, The upper 
panel shows the MspI restriction map of the human Ha-ras proto- 
oncogene. The two solid boxes indicate the first and second exons g 
from the 5‘ to 3' direction. In the lower panel, DNAs from rep- o 
resentative first-cycle transfectants of JPT26 (lane |), JBT44 (lane = 
2) and T24 (lane 4) tumours, as well as human placenta DNA (lane 
3) were hybridized with the T24 MspI fragment shown by the arrow. 
in the upper panel. Co-electrophoresed DNA fragments of Hincll- — 





digested ®X174RF DNA served as molecular weight standards. 


The 56-bp fragment was not apparent in these experimental — | 
conditions. | | 


human tumours are localized to positions 12 and 61 in their 


coding sequences”'®~*', An alteration at position 12 in human 
Ha-ras leads to loss of a restriction site for HpaIl-MspI diges- = 


tion, thus providing a means of molecular diagnosis of lesions. 
at this position”. As Fig. 1b shows, DNA from JPT26 and JB’ 
transfectants demonstrated a 355-base pair (bp) band (lanes 
and 2, respectively) like that observed with human placenta 


DNA (lane 3), while the T24 transfectant DNA yielded the - — 
expected 411-bp band (lane 4). These results indicated that 
neither the JPT26 nor JBT44 oncogenes had undergone muta- 


tions affecting the 12th amino acid of its p21 coding sequence, 

The recognition sequence for Bst NI is CC“GG, whereas the 
normal sequence encompassing position 61 in the Ha-ras proto- 
oncogene is CCAGG (Fig. 2)°°**. Thus, any alteration in the 
sequence other than A to T would be expected to eliminate this 
BstNI recognition site. As Fig. 2 shows, the electrophoretic 
mobilities of two BstNI-digested DNA fragments hybridizing 
to the Ha-ras Kpn1-Ncol probe in a representative JBT44 trans- 
fectant (lane 4) were not distinguishable from those of a T24 
transfectant, possessing a position 12 lesion (lane 1)'*'*, The 
158-bp band corresponded to the larger fragment observed with 
an intact BstNI site at position 60-62. A transfectant containing 
the Hs242 oncogene, whose corresponding sequence at position 


61, CCTGG (ref. 6), would also be recognized by BstNI, demon- 


strated an identical pattern of DNA fragments (Fig. 2, lane 2). 
In contrast, a JPT26 transfectant DNA exhibited a different. 
hybridizing DNA fragment, whose 173-bp size corresponded t 


that expected in the absence of a BstNI cleavage site at positior hee 
60-62 (lane 3). Thus, these results established that the oncogene 


from patient JPT26 had suffered a genetic lesion affecting codons 
60, 61 or 62. ee 

















‘Fig. 2. BstNI sensitivity encompassing codon 61 of the human 
Ha-ras gene in NIH 3T3 transfectants, JPT26 tumour and JPT26 
normal DNAs. The upper panel shows the BstNI restriction map 
of the human Ha-ras proto-oncogene. The two solid boxes rep- 
resent the second and third exons from the 5’ to 3’ direction. ©, 
BstNI cleavage sites: *, the BstNI site encompassing codon 61. 
The nucleotide sequence surrounding this site is also shown. The 
numbers below the sequence indicate the amino acid codon num- 
ber. The lower panel shows Southern blotting analysis of DNAs 
from representative NIH 313 transfectants of T24 (lane 1), Hs242 
(lane 2), JPT26 (lanes 3, 6) and JBT44 (lane 4) tumours as well as 
JPT26 primary tumour (lane 5) and JPT26 normal peripheral 
leukocytes (lane 7). DNAs were digested with the restriction 
endonuclease BstNI, electrophoresed in a 4% agarose—50% for- 
mamide gel’*, blotted to nitrocellulose paper and hybridized with 
the Kpn1—Ncol fragment of the human Ha-ras proto-oncogene as 
shown in the upper panel. Twice as much DNA (100 pg) was used 
in lane 5 as in the other lanes. The variable detection of the 
128/123-bp DNA fragment (compare lanes 3 and 6) with the same 
JPT26 transfectant DNA reflects variability in the efficiency of 

transfer of low molecular weight DNA species to the nitrocellulose 
paper. Co-electrophoresed DNA fragments of Hincli-digested 

®X174RF DNA served as molecular weight standards. 


The availability of normal peripheral blood leukocytes from 
patients JPT26 and JBT44 made it possible to assess whether 
normal tissues from these patients contained normal or activated 
Ha-ras alleles. DNAs from these normal cells were assayed for 
transforming activity in the NIH 3T3 transfection assay. No 
focus-forming activity was detectable with either DNA, in condi- 
tions in which both tumour cell DNAs readily registered as 
positive (data not shown). When DNAs from the JPT26 primary 
tumour and normal peripheral blood leukocytes were analysed 
by a molecular genetic approach (Fig. 2), the Ha-ras Kpn]~Ncol 
probe hybridized to Bst NI-digested DNA fragments of 173 and 
158 bp as well as to the 128/123-bp species in DNA of the 


Š primary JPT26 tumour (Fig. 2, lane 5). In contrast, normal 
peripheral blood leukocytes from patient JPT26 (lane 7) demon- 


strated only the 158-bp hybridizing DNA fragment. The 173-bp 
“fragment specific for the altered Ha-ras allele present in the 
-JPT26 transfectant (lanes 3, 6) was not detected in the normal 
- cells. These results established that the altered Ha-ras allele was 







present in the JPT26 tumour but not in normal tissues from the 


same patient. 
Transforming genes were detected by transfection analysis in 
2 of 23 randomly selected primary human tumours of the 
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urothelium. In both cases, Ha-ras oncogenes were identified as 
the source of transforming activity. Neither oncogene was acti- 
vated by a lesion at position 12 in the coding sequence, consistent 
with other studies indicating that position 12 lesions in Ha-rase | 
are not commonly detected in primary human tumours”: We A 
demonstrated a genetic alteration(s) within codon(s) 60, 61 or 
62 of the Ha-ras coding sequence of the JPT26 tumour by a 
BstNI restriction site polymorphism. Since position 61 is a major 
‘hot spot’ for activation of ras oncogene in human tumours”, 
it is likely that the genetic alteration detected at this position of 
the JPT26 oncogene coding sequence is responsible for its activa- 
tion as a transforming gene. 

It is of critical importance to establish the direct relevance of 
an oncogene detected in a human tumour to the neoplastic 
process affecting that tumour cell. In the present studies, normal 
cell DNA from neither of the patients whose tumours contained 
Ha-ras oncogenes possessed a transforming gene detectable by 
transfection analysis. By restriction enzyme analysis, it was 
possible to obtain direct biochemical evidence that the genetic 
lesion in the JPT26 oncogene was not present in normal cellular 
DNA of this same patient. These findings establish that this 
genetic alteration is the result of a somatic event which must 
be powerfully selected for within the tumour and, thus, likely 
to contribute to its development. 

Our results also suggest that that Ha-ras oncogenes are more 
commonly activated in urinary tract tumours than are N- or 
Ki-ras genes. This is in contrast to haematopoietic tumours, 
where N-ras appears to be the most frequently activated ras 
oncogene™'’, or lung and colon carcinoma where the Ki-ras 
oncogene appears to predominate*”'?*°. The frequency at 
which oncogenes were detected is likely to be an underestimate 
due to the inherent insensitivity of the transfection assay. Single 
base changes at either position 12 or 61 in the Ha-ras coding 
sequence will lead to loss of MspI or BstNI sites for 6/6 and 
7/8 possible amino acid substitutions, respectively. Thus, a 
systematic survey of urinary tract carcinomas for these point 
mutations as well as for amplification or other rearrangements 
using biochemical approaches may provide a more accurate 
estimate of the frequency at which Ha-ras is activated as an 
oncogene in these naturally occurring human malignancies. 
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ing tissues; N. Kobayashi, K. Mori, S. Srivastava and S. R. 
Tronick for helpful discussion; and H. Fuhrer for photographic — 
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from the Ministry of Education, Science and Culture, Japan. 
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Phosphofructokinases (PFK; EC 2.7.1.1 D are tetrameric enzymes 


that have a key role in the regulation of glycolysis"; as such, they 
are subject to allosteric activation and inhibition by various meta- 
bolites*. Eukaryotic PFKs are about twice the size of prokaryotic 
enzymes and are regulated by a wider repertoire of effectors: for 


example, the subunit molecular weights of rabbit muscle (RM) 
PFK and Bacillus stearothermophilus (Bs) PFK are 82,000 and 
36,000, respectively. Both enzymes are activated by ADP (or 
activated by fructose bisphosphates. 


AMP), but RM-PFK is al 
(FBP) and inhibited by AT 





trate. This, together with other 





y duplication of a prokaryotic gene** 


PFK and Bs-PFK, thus establishing an evolutionary relationship 
by series gene duplication and divergence. Furthermore, detailed 
knowledge of the Bs-PFK structure provides the basis for inferen- 
ces concerning the structural organization of RM-PFK and the 
evolution of new effector sites in the enzyme tetramer. 

The nearly complete amino acid sequence of RM-PFK is 
given in Fig. 1, together with that of Bs-PFK’. Strong homology 
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and L-225 have each been changed to G; S-264 and A-265 have been reversed (P. R. Evans, unpublished). After residue 319, numbering i 
based on residues in the C-half. The Bs-PFK sequence is placed between the RM-PFK halves to emphasize homology. V-353 (N-hal 
peptide-bonded to A-5 in the C-half of RM-PFK. S-348 (C-half) is the site of phosphorylation’’. The region enclosed in parentheses (resi 


vidence, has led to speculation that mammalian PFKs have evolved 
kary: , although previous peptide 
analysis“ failed to reveal internal homology in RM-PFK. Here we 
demonstrate clear homology among the N- and C-halves of RM- 
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Fig. 1 The amino acid sequences of the N- and C-halves of RM-PFK compared with that of Bs-PFK. Numbering of residues is based on 
the Bs-PFK sequence’ revised by crystallographic analysis’? as follows: the tripeptide G-V-Y has been inserted after Y-35. In addition, V-43 















and Bs-PFK. The average minimum base differences 
calculated between the halves of the RM-PFK 
between each half of RM-PFK and the bacteria 
follows: Bs-PFK versus N-half of RM-PFK, 0.82 
compared); Bs-PFK versus C-half of RM-PFK 289 oo 
residues compared); and N-half versus C-half, 1.02 (329 residues 
compared). The respective identities for each com parison are. 
44%, 34% and 32%. These numbers substantiate a significant 
degree of homology among all three sequences; the N-half of — : 
RM-PFK is especially homologous to the bacterial enzyme. __ 
Insertions in the RM-PFK halves are easily accommodated at 
the surface”', and need not alter the basic architectural theme 
of Bs-PFK. Clearly, there is extensive internal homology in the 
RM-PFK subunit, and the mammalian enzyme arose by series 
gene duplication of an ancestral message related to that of 
Bs-PFK. E _—_ . 
The evolution of proteins proceeds with conservation of three- o 
dimensional structure, despite wide-ranging. diversification of 
amino acid sequence''''?. Therefore, our sequence datarepresent 
strong evidence that the N- and C-halves of RM-PFK and the == 
Bs-PFK subunit share a similar conformation. It follows that 
the tertiary structure of the RM-PFK subunit will be repr: sented 
by two ‘super’ domains, each closely resembling the structure 


is observed among the N- and C-halves of the RM-PF} 





89 © 









of the Bs-PFK monomer, joined by a connecting peptide of . 


about 30 residues (Lys 320, N-half to Ala 5, C-half: Fig. 1). The 
tertiary structure of Bs-PFK and the location of catalytic and 
effector sites in the enzyme have been described by Evans and 
co-workers”''°, and two schematic views of subunits inthe Bs- 
PFK tetramer as related by the x- and z-dyad axes are shown — 
in Fig. 2. Clearly, the N- and C-termini of both pairs of sübunits 






are close enough to be joined covalently by the length of conn te 
ing peptide available. Therefore, the halves of the RM-PFK 
monomer could be disposed spatially as z- or x-dyad-related 
pairs of subunits in Bs-PFK (Fig. 2a and b, respectively). We 
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81-106, C-half) is uncertain at present. Overlaps between N-half residues 50-51, 145-146, 162-163, 261-262 and 266-267 are based on homology a: 
aa m f á | and have yet to be proven. a = l an d pa 
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Fig. 2 Schematic views of two subunits in the Bs-PFK tetramer: a, viewed along the z-axis; b, viewed along the x-axis. In each case, the 
other two subunits lie behind those shown. -Strands are indicated by arrows (A-K) and a-helices by cylinders (1~13). The substrates ATP 
and F6P are shown in the active site and the activator ADP in the effector site. (Taken from Evans et ai.'®.) 


prefer the alignment depicted in Fig. 2b, giving an RM-PFK 
subunit in which the halves are related by the x-dyad. This 
preference is based on internal helical packing interactions 
which would stabilize the subunit, and the fact that cooperativity 
in binding of fructose 6-phosphate (F6P) occurs between z-dyad- 
related subunits in Bs-PFK'®. Moreover, the dimer is thought 
to be inactive'*:'*, as would be predicted by disruption of the 
F6P binding site. Fructose bisphosphate, like F6P, contributes 
to stabilization of the tetramer'*'”, and our view is that the FBP 
site is a mutated F6P site lying between the same z-dyad pair 
(see below). Covalent joining of the z-dyad subunits would 
create cooperative allosteric and active sites within, rather than 
between, subunits tn RM-PFK, and we consider this mode of 
attachment to be less likely. | 

Speculation concerning the quaternary structural organization 
of RM-PFK is based on the structural relationship to Bs-PFK 
and the known D2 symmetry of the mammalian tetramer’®. It 
is possible to bring two large RM-PFK subunits into juxtaposi- 
tion to give a mammalian dimer equivalent to the Bs-PFK 
tetramer. Two views of such a dimer are represented by the 
models in Fig. 3a: here, the N- and C-halves of each subunit 
(light and dark, respectively) are joined by a connecting peptide 
{indicated by a helical strand of wire). The large and small lobes 
in each half represent the domains in Bs-PFK’; thus, the 
equivalent array of domains is preserved in our model of the 
RM-PFK dimer. In order to generate a tetramer having D2 
symmetry, RM-PFK dimers must be brought together along the 
y-axis with all connecting peptides either on the outer or inner 
faces. Our preference for placing all the connecting peptides at 
the dimer interface (Fig. 3b) is supported by results from limit 
proteolysis. Treatment of native RM-PFK with subtilisin yields 
an inactive tetramer in which the N-terminal 50-60 residues 
have been removed'’, suggesting that the N-half of each subunit 
is pointing outwards and is susceptible to proteolysis, and that 


ae . the intersubunit forces maintaining the tetramer are still intact. 


These forces may well involve interactions among the connecting 
peptides. We have also shown that of several enzymes tested, 
only trypsin and endoproteinase Lys-C cleave in the connecting 
peptide region. This argues in favour of our proposed shielded 
and symmetrical arrangement of these segments in the tetramer. 

Crystallographic analysis of Bs-PFK has revealed the active 
site regions for binding the substrates F6P and ATP, and an 
_ allosteric site for the activator, ADP. These sites were designated 








a b 


Fig.3 Models indicating our proposed structural organization of 
RM-PFK. Two views of the dimer and the tetramer are shown in 
a and b, respectively. The N- and C-halves of each subunit are 
light and dark, respectively, and connecting peptides are represen- 
ted by helical strands of wire. Each side-by-side dimer is equivalent 
to the Bs-PFK tetramer’, and the dimers are brought together to 
give a tetramer with D2 symmetry (b) in which all four connecting 
peptides are localized at the interface. The models also predict the 
location of sites for binding F6P (A), FBP (A), ATP substrate {B}, 
ADP activator (C), and ATP inhibitor (C’). Only one of the four 
C sites is visible in b; the other three are in corresponding positions 
at the interface. The remaining two C sites are at the opposite end 
of the tetramer. 


A, B, and C, respectively”. Sites which we believe have mutated 
from A and C are denoted A’ and C’ (see Fig. 3). Doubling of 
the Bs-PFK structure should give a RM-PFK tetramer with eight 
active sites and eight allosteric sites. Equilibrium binding studies 
have revealed, however, that there are only four catalytic sites 
in RM-PFK'*:'*, and the greater number of effectors regulating 
the mammalian enzyme suggests that some catalytic and. 
allosteric sites in the eukaryotic PFKs may have differentiated ` 
to provide new functionalities in these enzymes. Evidence in © 
support of this notion derives from our comparative sequence 
analysis (Fig. 1). Homology in the vicinity of Asp-127 in Bs-PFK, 
a residue involved in F6P binding'®, is clearly evident in the 
N-half of RM-PFK but not in the C-half, where the correspond- 
ing residue is a serine. We believe, therefore, that the F6P site 


(A) is conserved as part of the catalytic apparatus of RM-PFK, : a 
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stallographic analysis of Bs-PFK and comparative sequence analysis. — E : 
g positions in Bs-PFK; those enclosed in dotted boxes are different. ~ 


a, View along the z-dyad axis of the N- and C-halves of two adjacent subunits which together define sites for cooperative binding of F6P ~ 
(site A) and FBP (site A’). Dotted lines between residues indicate possible hydrogen bonds'®. b, View along the x-dyad axis of the halves of | 


a single RM-PFK subunit in which residues presumed to be involved in binding ADP activator (C site) and ATP inhibitor (C’ site) are noted 

(compare with Fig. 3). The solid bar labelled ‘connecting peptide’ represents the covalent bridge between the halves related by the x-dyad 

axis (Figs 2b, 3). Position 266 is not boxed because its possible involvement in ligand binding was suggested by chemical modification”! and 
not by crystallography. on | 


but that its counterpart in the C-half (A’) now binds FBP (Fig. 
4a). This seems reasonable as Asp 127 is probably required as 
a base catalyst acting to increase the nucleophilicity of the O-1 
hydroxyl of F6P for attack on the y-phosphate of ATP. Its 
presence would cause electrostatic repulsion of FBP; replace- 
ment of Asp 127 by Ser in the new A’ site would remove this 
negative charge and provide more room for binding of the 
_ fructose 1,6- and 2,6-bisphosphates which are known to compete 


_ for a common site'’. Thus, it is reasonable to suggest that the 
, structural change leading to replacement of the catalytically a 
ssential Asp 127 has led to loss of a catalytic site (A) and — 





creation of an allosteric site for FBP activation (A’). 


The arguments thus far account for the presence of four ; 
catalytic sites in the RM-PFK tetramer, and provide evidence _ 
as to how four new sites for binding FBP may have arisen in- 


evolution, Furthermore, the cooperativity in binding of F6P and 


FBP is in keeping with our model of the tetramer where binding — 
is between subunits (Figs 3b, 4a). The case is not so clear-cut he 
for a possible mutation of the ADP activation site (C) toa new _ 
site for ATP inhibition (C’). Here the inferences rest more on 


results from limit digestion with subtilisin'’ than on comparative 
sequence analysis. Although the subtilisin-treated RM-PFK 
tetramer retains the ability to bind FBP and ADP, it no longer 
binds ATP at the inhibition site, nor F6P. These results for a 
tetrameric PFK derivative having degraded N-termini are con- 
sistent with our location of F6P and FBP sites, A and A’, 
respectively (Figs 3b, 4a). They also lend credence to the idea 
that the ADP activation site (C) involves residues in each subunit 
that are protected from the proteinase, that is, in the middle or 
C-terminal regions far enough removed from the N-terminal 
segment (Fig. 46). Accordingly, the ATP inhibition site (C’ in 
A Fig. 3) could be a mutated ADP activation site, composed of 
N-terminal amino acid side chains, that is destroyed by subtilisin 
(Fig. 4b). We suggest, therefore, that RM-PFK has retained four 
of the ADP activation sites of its bacterial progenitor, but that 
it has gained, through evolution of the remaining four possible 
ADP sites, four new ATP inhibition sites per tetramer. 

Thus, our model of RM-PFK predicts that the N- and C-halves 
of each subunit in the tetramer are equivalent in tertiary and 
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quaternary structural organization to the subunits in a 
hypothetical Bs-PFK octamer.composed of two bacterial enzyme ae 
tetramers joined end-to-end along the y-axis. The A sites for 
F6P binding and the C’ ATP inhibition sites are exposed and | 
comprise side chains from residues in the N-terminal regions, 
while the A’ and C sites which bind FBP and ADP activators, = 






respectively, are made up of residues that are internal, or C- 9 
terminal in the subunits which are protected from digestion with 
subtilisin. At present we have no crystallographic data pertaining | 
to the subunit organization or functional sites of RM-PFK. . 
However, our results obtained. by comparative sequence anal 











sis, together with findings from X-ray crystallography of 
PFK, chemical modification studies, kinetic analysis and 
proteolysis, can be interpreted to give a unified tentative 
model of the mammalian. enzyme tetramer which can 
addressed experimentally. = : E eu 
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Mot mutants of Escherichia coli are paralysed: their flagella 
appear to be intact but do not rotate’. The motA and motB 
“gene products are found in the cytoplasmic membrane’; they 


do not co-purify with flagellar basal bodies isolated in neutral 


detergents’. Silverman et al. found that mot mutants could be 


‘resurrected’ through. protein synthesis directed by A transduc- — 


ing phages carrying the wild-type genes’. Here, we have studied 


2 . this activation at the level of a single flagellar motor. Cells of 
a motB strain carrying. plasmids in which transcription of the 


wild-type motB gene was controlled by the lac promoter were 
ae -tethered to a glass surface by a single flagellum. These cells 

` “began to spin within several minutes after the addition of a lac 
ne inducer, and their rotational speed changed in a series of equally 
- spaced steps. As many as 7 steps were seen in individual cells 





n _ and, from the final speeds attained, as many as 16 steps could 


be inferred. These experiments show that each flagellar motor 


~ aea several independent force-generating units comprised, 
- at least in part, of motB protein. 


Cells of a motB inducible strain were tethered to a coverslip, 


n: exposed to a lac inducer, and viewed with a microscope linked 


to a video recorder. The rotational behaviour of one such cell 
is analysed in Fig. 1. The cell remained in roughly one position 
for 16.3 min following the addition of inducer, executing 
brownian motion with a fixed mean orientation about its point 
of attachment. Then it suddenly began to spin, gaining speed 
over a period of ~17 min before levelling off at a constant speed. 
Abrupt changes in rotation rate were evident, particularly at 
the slowest speeds. Most cells in the population of 32 studied 
started to spin between 5 and 8 min from the time of induction; 
these latencies ranged from as little as 3 min to over 25 min. 
The time spent at the lowest speed was highly variable, ranging 
from a few seconds to a few minutes. The cell of Fig. 1 started 
spinning counterclockwise (as viewed with the cell body in front 
of the tethering surface, the direction corresponding to smooth 
swimming’), and, as the rotation rate increased, spun alternately 
clockwise (CW). and counterclockwise (CCW). The directional 
bias (the probability of spinning CCW) of the cell was unity at 
the lowest speed, but it fell to a lower value soon afterwards 
and remained relatively constant for the remainder of the experi- 
. ment. The reversal rate was zero at the lowest speed, then 
increased dramatically during the next few minutes and levelled 
off long before the cell reached its maximum speed. The 
“asymptotic values for directional bias and reversal rate were 

“similar to those found for wild-type cells*®. Cells rarely changed 

direction at the slowest speed: only two of the cells studied 

. showed brief CW intervals at this level, but all reversed 
frequently at higher levels. At any given level, cells that reversed 
spun CW or CCW at the same speed. 

Figures 2, 3 document stepwise changes in rotation rate for 
two more cells; A rapid doubling of rotation rate was characteris- 
tic of the first transition: for. 15 cells in which this transition was 
san speed ratio (+s.e.) was 2.05 + 0.08. 





increased or decreased the speed by one level, spinning at four 
different levels over the interval shown. Evidently, the incorpor- 
ation of functional force-generating units is not irreversible. 
By arbitrarily assigning the initial rotation rate of a cell to 
level 1, the next higher rate to level 2, etc., a set of levels was 
derived for each cell. Figure 4 plots mean rotation rate against 
level number for four representative cells in which multiple 
levels were observed. AS many as seven distinct levels (excluding 
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Fig. 1 Rotational behaviour of a single tethered cell, following 
initiation of transcription of the wild-type motB gene at time t = 0. 
a, Time course for induction of rotation; b, directional bias; c, 
reversal rate. The points in a show the average rotation rate 
computed from 30-300 revolutions registered by computer. Direc- 
tional bias and reversal rate were determined as described pre- 
viously”. The cell began to spin at t= 16.3 min at 0.53 + 0.03 Hz 
(mean +s.e.m. for 33 revolutions). It levelled off at ~t = 33 min 
at 8.57 +0.07 Hz (mean +3.e.m, for last nine data points). 
Methods: Cells of strain HB154 (see below) were grown in minimal 
medium, washed and tethered in motility medium, as described 
previously“, except that ampicillin (50 pg ml*) and tetracycline 
(10 pg mi Ty were present in all media. At t=, the motility 
medium was replaced by a minimal medium containing glycerol 
and essential amino acids’’, ‘as well as 1mM _ isopropyl-B-D- 
thiogalactopyranoside (IPTG)”°. In subsequent experiments, the 
cells were exposed to this medium (without IPTG) 10 min before 
the addition of the inducer; this appeared to increase the number 
of cells that responded without changing the kinetics of their 
induction. The flow cell was mounted on the temperature- 
controlled stage (32 °C) of an inverse phase-contrast. microscope 
(Nikon Optiphot with a BM x40 objective} linked to a video 
camera (Ikegami ITC-47; 2:1 interlace) and recorder (Panasonic 
NV-8950, VHS format). A digital time display (accurate to 1 / 60 s, 
a single video frame) was superposed on the video image” . The 











speed analysis of the videotaped. records is described in Fig. p 


legend. Construction of motB-inducible strain HB154 began with 
plasmid pGM1, a pBR322 derivative carr ing ampic cillin resistance 
and a restriction fragment of the mocha operon” fused to lacZp, 
originally produced to direct motB overproduction'*. The frag- 
ment contained the C-terminus of the motA gene and a complete 





-copy of the motB gene. A Agt 1~pGM1 hybrid phage was made 
_ by cutting the plasmid and the phage at their unique EcoRI sites, 


ligating the mixture, and using the resultant constructs to infect 
E. coli strain RP3087 (an AW405 derivative?’ prepared by J. S: 
Parkinson carrying the motB*®° allele’ and deleted for A-att) in 
the presence of ampicillin). An ampicillin-resistant transductant 
was selected which was lysogenic for A; this cell presumably main- 
tains the phage in a plasmid state using, the pBR322 origin of | 
replication. An F’ element carrying lac” was then crossed into 7- 
this strain to repress the lac promoter**. The hybrid phage copy 
number was reduced by adding a second plasmid, pMB9, bearing 
tetracycline resistance?*, and the transformed strain, designated 
HB154, was maintained under double antibiotic selection. This 
strain was immotile in the absence of a lac inducer; when tethered, 
less than 3% of cells showed any evidence of rotation. Mies alae 
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level 0) were resolved using the video technique. For objects 
the size of bacteria, the angular rotation rate is strictly propor- 
tional to the applied torque; therefore, the linearity of these 
plots implies that the steps in torque associated with transitions 
“between levels are equal. Evidently, each mot protein, or protein 
omplex, contributes the same increment of torque to the flagel- 
ar motor, at least for the incorporation of up to seven force- 
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_ Fig.2 Stepwise doubling in rotation rate of a tethered cell induced _ 

for motB synthesis. a, The first 280 rotation. periods, plotted 
sequentially, b, rotation rate as a function of time computed from 
these periods. The solid lines represent the mean periods or rates 
for different intervals; see below. The cell started to spin 6.9 min — 
after addition of inducer and doubled its rotation tate 52s later, 
jumping from 1.28 + 0.08 Hz (mean +s.e.m. for 61 revolutions) to 
2.67+0,10 Hz (mean +s.e.m. for 166 revolutions), a factor of 
2.09 + 0.15. The transition was completed in less than four video 
frames (67 ms), our limit of resolution. Hi 
Methods: The rotation periods were measured with a device linked 
to a computer (Apple II”, containing a California Computer Sys- 
tems 7440A Programmable Timer card connected to custom-built 
electronics) that generated a pulse whenever the image of a par- 
ticular cell crossed a video cursor, The intervals between successive 
passages were stored in arrays for subsequent analysis. All of these 
data points are shown in the figure. The instantaneous rotation 
rate was computed from the reciprocal of each rotation period. 
Note that the points at large rates tend to fall on ‘layer lines’—this 
reflects the fact that video images are recorded at 60 frames s7!; 
the time intervals are constrained to be multiples of 16.7 ms. This 
limitation is significant when the rates are high. As the cells often 
changed direction, some intervals did not correspond to complete 
revolutions of the cell body. These intervals were shorter than 
adjacent intervals if the image changed direction within half a cycle 
after crossing the cursor; otherwise they were longer. Also, cells 
had a tendency to stick to the glass; when this happened, the 
measured period was abnormally long. An interactive graphics 
program allowed the operator to identify and eliminate most of 
these events from calculations of mean periods or rates. The 
standard error for each mean was obtained from the root mean 
square deviation from the mean of the edited distribution; this 
deviation was divided by the square root of the number of rotation 
periods and then adjusted upwards to compensate for the trunca- 
tion due to editing (assuming that the parent. distribution was 
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generating units. Unfortunately, most cells in which m 
levels could be measured came off the glass or became stu 
it, prematurely terminating the experiment at speeds rangin 
from ~2 to 8 Hz. E 
The cell of Fig. 1 was an exception; the rotation rate of th 
first level was measured accurately, and the cell continued to. 
spin until its speed reached a maximum value. In this case, the 
ratio of the final to the initial speed (16.2+0.8) provides ane 
estimate of the total number of force-generating units in the 
intact motor. If the efficiency of the flagellar motor remained __ 
constant over the range of speeds covered (as argued below). 
and all the force-generating units continued to operate indepen- 
dently, the motor in this cell contained about 16 such units. We 
also compared the mean rotation rate at level 1 for the popula- ` 
tion of cells studied here (0.76 +0.08 Hz; mean+s.e.m. for i4 
cells) with that of fully energized wild-type cells used ina 
previous study’ (11.20+0.46 Hz; mean+s.e.m. for 33 cells). 
The ratio of these means (+s.e.) is 14.7+ 1.7, again suggesting 
that each flagellar motor could contain up to 16 independent. 
force-generating units. Sixteenfold rotational symmetry has 










been found for an M-ring of the E. coli flagellar motor re 

is also the number (usually 15, sometimes 14 or 16) of membrane 
particles (‘studs’) seen at the periphery of annular depression: 
in freeze-fracture electron micrographs of the cytoplasmic 
membrane at the flagellated poles of another bacterium, 


The data of Fig. 4 do not indicate the existence of a rotational 
threshold: each curve extrapolates to the origin. It is possible - 
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Fig. 3 Stepwise changes in rotation rate of another tethered cell 

induced for motB synthesis. a, The first 300 rotation periods, 
plotted sequentially; b, rotation rate as a function of time computed 
from these periods. The solid lines represent the mean periods or 
rates for different intervals, computed as described in Fig. 2 legend. 
The cell started to spin 5.9 min after the addition of inducer, Mean 
rotation periods tended to decrease in a harmonic series (as 1/ 
with n an integer); the corresponding rotation rates increa 
an arithmetic series (as n). For large n, transitions between 
tional periods of different mean amplitude became increa 
difficult to discern; as a result, the scatter in rotation rates became 
relatively more severe. -e 
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Fig. 4 Dependence of rotation rate on level number for four 

different cells. The vertical bars show the s.e.m., computed as 

described in Fig. 2 legend, and the solid lines are weighted least- 

squares linear fits, not constrained to pass through the origin. The 

different slopes reflect the variations in rotational drag from cell 
to cell (see text). 


that the first transition that we have observed is not between 
Jevels 0 and 1, but rather between higher levels, say, 1 and 2. 
The possibility that a fully energized cell has no threshold is 
ruled out by the observation that the mean position of a para- 
_ lysed cell (or flagellar filament'°) remains fixed before the onset 
_ of rotation: It could be that the barrier to rotation in a fully 
-. energized cell is abolished by the introduction of functional mot 
protein. This question can be resolved by measuring speed as 
a function of protonmotive force in cells having different fixed 
numbers of force-generating units. 
a Given the increment in rotation rate from level to level, it is 
-= possible to infer the torque generated by a single force- 
generating unit. The constant of proportionality relating the 
torque generated by the motor to the rotation rate of the cell 
is the viscous drag coefficient, which depends only on the 
geometry of the cell, its position relative to the tethering surface, 
and the viscosity of the external medium'’. Drag coefficients 
were estimated by assuming that cells behave as cylinders with 
hemispherical endcaps, rotating about an axis through the centre 
perpendicular to the long axis 2. We neglected the interaction 
with the tethering surface, which is small’*, and the fact that 


-. cells are often tethered towards one end. The latter effect can 


-increase the viscous drag by more than a factor of two!?, thus 
the drags calculated here represent an underestimate. The incre- 
ments in torque from level to level for different cells appeared 
to be distributed normally with a mean (+s.d.) of 2.7+0.8 x 
107}? dyncm (11 cells). This value may be considered an 
approximate lower bound for the torque associated with a single 
force-generating unit; the torque is approximately the same for 
all units in all cells. 

Given this result, it is possible to calculate the number of 
protons passing through a force-generating unit in one revol- 
ution. The. energy balance for the motor can be written as 
22M = eNeAp, where M is the torque, e is the electron charge, 
Ap the protonmotive force, N the total number of protons per 
revolution passing through the motor, and e the motor 

efficiency, which could vary, for example, with angular velocity 
or protonmotive force. The left-hand term is the work done per 
revolution in driving the cell around. The right-hand term is 
-the total work available from the proton gradient times the 
efficiency. Experimental evidence that the flagellar motor runs 
at constant torque at low speeds'*’* implies, for these motors, 

that the product €N is constant. For any tightly coupled motor 
model, in which the passage of protons through the cell mem- 
brane is obligatorily coupled to rotary motion, N is constant. 
Given the experimental evidence for constant torque, this 
implies that £ is constant. Furthermore, if the motor in such a 
model is non-dissipative, that is, if it functions reversibly with 
no energy going into heat, then the efficiency will be unity. 

A model of this kind has been proposed in which force is 
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generated by the interaction of n proton channel complexes 
(independent force generators) situated around the periphery 
of a disk bearing m proton-binding sites’®. The number of 
protons passing through a single channel complex in one revol-_ 
ution is m. Assuming unit efficiency, the torque generated b 
this channel complex can be written as M = meAp/27, where 
it is assumed that the efficiency is one. Given this torque and 
the protonmotive force, with M > 2.7 x 107"? dyn cm and Ap= 
162 mV (ref. 17), we estimate m to be ~65. The total number 
of protons passing through a motor with n channel complexes 
in one revolution is N = nm. Assuming that the full complement 
of force generators is 16, N is of the order 1665 = 1,040, in 
close agreement with an earlier estimate based on similar 
assumptions of tight coupling and zero dissipation’’. 

The motB gene product is a peptide of molecular weight 
~39,000 which is known to assemble in the cytoplasmic mem- 
brane without proteolytic cleavage; this mode of insertion has 
been confirmed in minicell preparations which are unable to 
synthesize any other flagellar proteins'®. Here we have found 
that the rotation rate of tethered, paralysed cells increased in 
a stepwise fashion concomitant with motB synthesis. The 
simplest explanation for this result is that the wild-type motB 
peptides diffuse to the vicinity of the flagellar motor and act . 
there, either alone or in conjunction with other components 
(for example, motA), as independent force-generating units. — 
We cannot exclude the possibility, however, that the motB 
protein activates some other component that, in turn, incorpor- 
ates as a force-generating unit. Since the rotation rate occasion- 
ally decreased in stepwise fashion, incorporation is reversible. 
The chromosome of the strain that we used carried a point 
mutation in motB; therefore, defective copies of motB protein 
might have been present before induction. In that event, the 
addition of functional force-generating units could have involved 
displacement rather than simple incorporation. As many as 16 
force-generating units can be accommodated—tt is attractive to 
suppose that these are transmembrane particles comprised of 
motA and motB protein’***. 
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first time plus related methods based on the equilibrium 
between the liquid and gas states. It treats the new and rapidly 
developing independent field in gas chromatographic analysis 
based on the use of “out of column” phase equilibria and 
partition coefficients in gas-liquid systems, It describes the 
analytical and physico-Chemical applications of this new 
method. New principles of investigation chemical equilibria 
solutions are considered. 

294 pages 


April’84 £57.00 
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& Sons Limited 


other organisms in the shared natural environment, and a 
synthesis of the component disciplines. Most of what is 
currently known about the chemistry of mammalian signals is 
covered and a number of avenues for further exploration are 
suggested. The particular difficulties inherent in the complexity 
of mammalian systems are emphasised and the appropriateness 
of the phenomena concept in this context is examined. 
‘Response guided’ and ‘chemical image’ strategies are 
discussed. | 

0471 102539 May 1984 


372 pages £29.50 


THE HIGH NITROGEN COMPOUNDS 
by ep Benson, Retired, ICI Americas Inc., Wilmington, — 
Delaware 


What is the nature of chemicals with backbones of nitrogen? 
What structural possibilities have been realized? What physical, 
chemical, biological, and use properties result from linking 
nitrogen atoms in chains bearing organic and inorganic 
appendages? | 

This book, with a focus on nitrogen chains, has been written to 
try to provide at least partial answers to these questions. The 
conceptual parents of compounds with sequential nitrogen 
atoms were called hydronitrogens by the late Professor LF. 
Audrieth in analogy to the hydrocarbons. It may be said at once 
that the derivatives of hydronitrogens exhibit distinctive 
chemical and physical properties and have diverse uses. 


0471 02652 2 688pp February 1984 £118.75 


NUTRITION 
An Integrated Approach, 3rd Edition 


by R.L. Pike, The Pennsylvania State University, and M.L. Brown, 
National Academy of Science, National Research Council 


This is the only text available which approaches nutrition by 
integrating biochemistry, physiology, and nutrition at the 
cellular level and discusses how to use this knowledge to 
evaluate the nutrient requirements of a complex organism, 


0471 09004 2 1,082pp April 1984 £32.75 
0471 80625 0 1,082pp April 1984 (WIE) £13.95 


OPEN TUBULAR COLUMN GAS 
CHROMATOGRAPHY 

Theory and Practice 

by M.L. Lee, Brigham Young University; Rh Yank, Varian 
instruments, Walnut Creek, California; and K.D. Bartle, 
University of Leeds | 


This book presents a state-of-the-art treatment of gas 
chromatography, one of the most widely applied methods in 
analytical chemistry. It provides an integrated and in-depth 
compilation of the modern practice of open tubular gas 
chromatography. In addition, a comprehensive summary of the 
theory of this powerful technique as well as the relationship 
between this theory and its applications are analyzed. 


0471 88024 8 458pp April 1984 £45.60 
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Inflationary cosmology 


> Gary Steigman 





The Very Early Universe. 


BOOK REVIEWS 





Edited by G.W. Gibbons, S.W. Hawking and S.T.C. Siklos. - 
Cambridge University Press: 1983. Pp.480. £25, $49.50, 





THE 


, firmation that these simple models could 
«describe the early history of the Universe, 





spectrum of the microwave background is 


established by electromagnetic interactions 


during the early evolution of the Universe 


and preserved during its later evolution by 
the homogeneity and isotropy of the RWF 


models. Furthermore, nuclear and weak 
interactions occurring during the first few 
minutes in the evolution of the Universe 
lead to the synthesis of the light elements, 


the abundances of which are observed to be 


in excellent agreement with the predictions 
of primordial nucleosynthesis in the 


standard (RWF) model. As for the more 


_ recent evolution, small deviations from the 
perfect homogeneity of the RWF models 


grow with time and may account for the ob- 
served large-scale structure of the Universe 


(galaxies, clusters, voids and so on). 

The simplest hot big bang model has 
proved to be remarkably efficacious: to 
ignore its successes would be churlish. 
Nonetheless there are problems. Many 
questions and puzzles are neither answered 
nor addressed within the context of the 
standard model. For example, the “Planck 
time” ¢,~(Gh/c?) = 10s is a “natural” 
timescale for cosmology. The present 
Universe is very old (to =10" yr = 10%) 
and yet very young in the sense that the 
spatial curvature is not yet dominant; our 
Universe is very ‘‘flat’’. The response of 
the standard model to the age—flatness 
puzzle is to appeal to initial conditions: the 
Universe is the way it is because it was the 
way it was. 

A different problem is posed by the 
matter content of the Universe. The 
_ Observed Universe consists over- 
-whelmingly of matter; antimatter is absent. 
Why? Early on there must have been a tiny 
excess of matter over antimatter so, when 
nucleon—antinucleon annihilation ceased, 
a trace amount of relic nucleons survived. 
The present ratio of nucleons to photons 
(n) is a measure of the requisite excess: 
= 10 eel Within the standard model... 









‘standard’? hot big bang model 
provides a good framework for under- 
standing the early evolution and present 
structure of the Universe. The Robertson- 
Walker—Friedman (RWF) models are 
isotropic, homogeneous solutions to 
Einstein’s gravitational equations in the 
presence of matter (nucleons) and radi- 
ation (microwave photons). Penzias and 
Wilson’s discovery of the cosmic back- 
ground radiation provided dramatic con- 


‘and ushered in the “modern” era in the 
study of cosmology. The blackbody 


there is no explanation for the magnitude 
of n (or even why it should not be zero); nis 
the size it is because it was the size it was. 
Even the observed large-scale homo- 
geneity, a key ingredient of the standard 
model, is a serious puzzle. The finite speed 
of light guarantees the existence of particle 
horizons so that the various parts of the 
Universe from which the microwave radi- 


ation originates were never in causal 


contact. Why, then, is the flux observed to 
be so very uniform? Why, indeed, is the 
large-scale Universe so very homogeneous? 

There are still further questions. Why is 
the cosmological constant so small? Is it 
zero? What of the singularity of the RWF 
models? The list goes on, but all is not 
darkness and despair. Less than a decade 
ago the tide of a revolution in cosmology 
began to swell. Today it has risen to a 
flood. Its source was high-energy physics. 
The successful unification of the electro- 
magnetic and weak interactions led to the 
predictions of new phenomena such as 
neutral current interactions; the gauge 
theory of the strong interaction predicted 
especially simple behaviour at high energy 
(asymptotic freedom); Grand- and Super- 
Unified theories were proposed predicting 
new phenomena and new particles, often at 
energies far beyond or rates far below those 
attainable in the laboratory. Some cosmo- 
logists and a few particle physicists quickly 
appreciated that the early Universe was the 
ultimate accelerator — the particle physics 
laboratory of last resort. That particle 
physics might provide the key to solving 
various cosmological puzzles in the early 
evolution of the Universe was much 


| less obvious. Yet the relationship between 


particle physics and cosmology which has 
blossomed in recent years, while not 


entirely trouble free, has beena remarkably | 


fecund affair. 

For example, a solution to the 
asymmetry puzzle is provided by Grand 
Unified Theories (GUTs) in the context of 
the very early evolution of the Universe. In 
most GUTs, baryon number is not 
conserved and charge (C) and charge- 
parity (CP) conservation are violated. As 
Sakharov noted in his recipe for generating 
a baryon asymmetry, these are two of the 
three required ingredients. The third, 
deviation from equilibrium, is provided by 
the expansion of the Universe. Although 
there are too many free parameters in the 
GUTs to permit a calculation of the 
nucleon to photon ratio, n, from first 
principles, it is nonetheless clear that a 


: i: Framework for this calculation now exists, 





and others have noted, the cosmological 







No longer need we appeal to i 
conditions: n is what it is because of bar 
number and C and CP violating int 
actions which occurred during the ver 
early evolution of the Universe. The: oe 
universal baryon asymmetry and the > 
instability of the proton are two sides of the eee 
same coin, ie 

Lest we be lulled into a false sense of an 
security, it must be said that the same 
GUTs which solve the asymmetry puzzle, 
predict the existence of superheavy (~10'* 


_ GeV) magnetic monopoles. In the standard | 


model these monopoles are produced __ 
during the same epochs in which the 
baryon asymmetry is generated and they es 
survive in abundances comparable to that 
of the nucleons. The enormous mass 
density in the relic monopoles would han 
driven the Universe to expand so ra 
that today, when the raisin radia n 











would be only ~ 10° yr old! (it ib ofte 
stated, incorrectly, that relic monopoles 
“‘close’’ the Universe. The curvature 
neither knows nor cares about the stuff of. 
the Universe.) So, GUTs and cosmology 
solve the baryon asymmetry puzzle but ` 
present us with a new problem — relic = 
monopoles; failure snatched from the j jaws ee 
of success! E 
With the monopole problem as oneof its . 
catalysts, there then occurred a revolution 
within the revolution. The cosmological 
constant emerged from the closet to play 
significant role during the very 
evolution of the Universe. As Zel 







constant ( A) may be regarded as the energ 
density of the vacuum (A = 8nGo,). ee 
Although A is small today (A<H3, gy - 
<10‘eV cm’), the energy density of the Lag 
vacuum would have been enormous during 
the very early evolution of the Universe. 
(e, ~10'!°10'26 eV om). K. Sato and 
A. Guth realized that the vacuum energy nai 
density would drive the early evolutio a 
the Universe and Guth appreciated thatthe 

“inflationary” exponential expansion | ae 
would, in one fell swoop, solvea myriad of. 
cosmological conundrums. Cosmology 
hasn't been the same since. 

In the summer of 1982, Stephen 
Hawking, with the support of the Nuffield 
Foundation, organized what turned out 
to be a very productive workshop in 
Cambridge, UK, on ‘The Very Early 
Universe”, Truly international in 
character — the participants came from. 
Great Britain, continental Europe, the =~ 
United States and the Soviet Union — the oe 
meeting covered topics as diverse as 
quantum gravity and. galaxy formation, 
monopoles, strings and massive neutrinos, — ae 
photinos and axions, supersymmetry, 
GUTs and the cosmological constant. Not 
surprisingly, the ‘‘new’’ inflationary 
models of Linde and of Albrecht and 
Steinhardt were the centre of interest. A Ya 
rightly so, for, if it could be implemented, Ka 

















new inflation would solve the age, flatness, a 
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homogeneity and monopole problems. 
Furthermore, the reheating after the 
inflationary epoch would then account for 
the enormous entropy (2 10% photons in 
the observable Universe) as well as the large 
entropy per baryon (7 = 10” photons per 
nucleon) of the Universe. What is more, 
new inflation predicts perturbations of the 
spectral form first suggested by Harrison 
(and, therefore, now known as the 
Zeldovich spectrum!). The workshop was 


particularly noteworthy in that the partici- | 


pants arrived emboldened by recent 
successes and left with further successes 
and new problems with which to wrestle. 
The struggle still continues. 

This book, a record of the workshop, 
provides a window on the excitement of the 
_ meeting itself. Virtually all the articles are 
interesting, comprehensive and well 
written. Several are, and will remain, 
. valuable reviews of an entire subfield of 
z cosmology or particle physics. Although 

some are highly technical, most can be 
tackled by the knowledgeable graduate 
student; cosmologists will find the particle 
physics articles comprehensible and vice 
versa. Especially worth reading are the 
_ introductory and summary reviews by 
=- Wilczek; the cosmology article (virtually a 
monograph on modern cosmology) by 
Rees; the primer on GUTs and Super- 
symmetry by Ellis; the self-contained intro- 
duction to and review of monopoles by 
Preskill; the inflationary articles by Guth, 
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Linde, Steinhardt and Hawking; and the 
outlines of the development of pertur- 
bations in the inflationary models by 
Turner, and by Lukash and Novikov. I 
have learned a great deal from these articles 
and expect to return to them frequently in 
my teaching and research. Conspicuous by 
its absence, however, is a contribution by 
Starobinsky who, to judge from the 
comments of many of the participants, 
played a major role in discussions at the 
meeting. 
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, tude for having attracted the right people 


to the right workshop at the right time. In 
The Very Early Universe Hawking and his 
co-editors, G.W. Gibbons and $.T.C. 
Siklos, have provided the astro—particle 
physics community with a valuable work of 
reference. a 


rpi rea 











Gary Steigman is Professor of Physics in the 
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Professor in the Physics Departments at the 
University of Delaware and the University of 
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The Economics of Nuclear Energy. 
Edited by L.G. Brookes and 

H. Motamen. 

Chapman & Hall/ Methuen: 1984. 
Pp.420. £27.50, $65. 


ATTITUDES towards nuclear power in one 
country have always been more influenced 
by developments elsewhere than is the case 
with any other industry, with the possible 
exception of the defence industries, It is ap- 
propriate, therefore, that this new addition 
to the literature should set out to be inter- 
national in scope. The 23 authors are 
drawn from six countries. 

Despite its title, the book is not in any 
sense an economics text. Nor is it a straight- 
forward exercise in applied economics. 
Rather, it is series of essays on different 


aspects of nuclear power as seen from | 


different countries. This approach certain- 
ly has its merits, but to contribute some- 
thing more to the current debate the book 
would have had to have been explicitly 
eclectic. As it is, while the authors have 
different ways of making their economic 
assessment (such that one cannot often be 


compared with another), the conclusion | 


that they all arrive at, with one possibly 
neutral exception, is that nuclear power is 


the most attractive option on offer for 


future growth in electricity generation. 
The first three chapters of the book are 


concerned with a systems analysis of elec- 


tricity supply and are in many ways the 
most satisfactory. They provide a good 
basis for discussion of economic pricing. 
One point which emerges very clearly is the 
great complexity of the nuclear—electric 
system, from the mining of uranium to the 
delivery of the product to the consumer. 
And between them, these chapters — by C. 


Starr and O. Yu (United States), L. Gouni | 


(France) and T. Berrie (UK) — bring out 
well the technical constraints of electricity 
systems generally. Especially for the 
layman this is good start. However the 
treatment is not without problems which, 
once raised, recur in the so-called economic 
discussions of the subject. Starr and Yu 
conclude that centralization of production 


is a logistical objective. Gouni follows by 





drawing attention to the monopolistic 
tendency that accompanies such central- 
ization. But like his counterpart in the UK, 
J. Rhys (Electricity Council}, Gouni does 
not really face the contradiction between 
this reality and the assumptions of a com- 
petitive market. The result is that Rhys’s 
chapter in particular, which is one of the 
few that tackles the problem of economic 
pricing, has an overly academic air. His — 
conclusion that ‘‘In the long run, provided 
nuclear power can be established as the 
cheapest means, it is likely to be the domi- 
nant factor in determining the overall level 
of electricity prices’’ may be conceptually a 
narrow basis for making a judgement but it 
is about the most open-ended statement to 
be found in the book. 

One reason why the beok is methodo- 
logically weak is that it rests too much on 
the thinking that prevailed when nuclear 
economics was inseparable from propa- 
ganda of the institutionalized kind. Itis not 
the authors’ fault that their book went to 
press before they had time to absorb the 
massive amount of information put before 
the Sizewell “B” Public Inquiry. Neverthe- 
less it is unfortunate. In their submissions, . 
the Central Electricity Generating Board 
appear finally to have put historic cost 
accounting behind them for purposes of 
investment appraisal and to have embraced 
opportunity cost analytical studies. This is 
something which British authors have to 
communicate to their opposite numbers in 
nuclear establishments in other parts of the 
world. It is a pity that here the opportunity 
was missed. 

Interestingly enough, the best 
comparative study of nuclear and coal- 
fired generation comes from D, Schmitt 
and H. Jung of Cologne University. They 
use the requirement revenue method which 
computes likely discounted costs of future 
projects against future revenues, The cost 
assumptions are not always convincing and 
the treatment of the demand side is con- 
spicious by its absence (on this point they 
could do well to read what Gouni has to say | 
about the demand factor). They are 
however aware of the limitations of such 
economic exercises and indeed they make 
the observation which one would like to 
have seen feature more prominently in 
other contributions — that the future of 
nuclear power will not be decided by 
economics. “The crucial barrier is public 


















lll FIFTH A 


, ESS 


STATISTICAL 
ANALYSIS OF SPATIAL 
POINT PATTERNS 


Peter J. Diggle 


January 1984, 164pp., 0.12.215850.4 
$25.00/£ 14.98 (UK only) 


A spatial point pattern is a set of points, irregularly 
distributed in an essentially planar region — for 
example, trees in a forest or cell nuclei in a 
microscopic tissue section. This book presents an 
up-to-date account of models and methods used in 
the statistical analysis of spatial point patterns and 
their application to biological data. 

Both univariate and multivariate patterns are covered 
and numerous illustrative examples are provided 
using real biological data sets which are given in full 
as an appendix. The graphical presentation of results 
is emphasized and the book includes over eighty 
diagrams. 


CEPHALOPOD 
LIFE CYCLES 


Volume I: Species Accounts 
Volume II: Comparative Reviews 


Edited by Peter Boyle 

Volume I: January 1984, 516pp., 0.12,123001.5 
$120.00/£70.00 (UK only) 

Volume IZ: in preparation 


Recent evidence suggests that cephalopods are of 
major quantitative importance to the marine ecosys- 
tem and that they have a role to play in many marine 
food chains. These volumes present the only 
cohesive study of the subject in the English language, 
bringing together much unpublished data as well as 
published material from very diverse sources. 


EUROPEAN MIRES 


Edited by Peter Moore 
May 1984, 367pp., 0.12.505580.3 
$75.00/£49.00 (UK only) 


The unique hydrological features and floristic variety 
of peatlands combine to fascinate many botanists 
and ecologists. This book brings together, in English, 
the fruits of many studies previously only published 
in Scandinavian and Central European languages, 
providing a broad summary for the English speaking 
researcher. The book's approach is mainly phyto- 
sociological, comparing and contrasting the various 
mire types and their classification in the different 
countries of Europe. 
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Volumes l and 2 

Edited by C. Arme and P.W, Pappas 
Volume 1: December 1983, 320pp., 0.12.062101.9 
$55.00/£34.00 (UK only) 

Volume 2: December 1983, 360pp., 0.12.062102.9 
$58.00/£38.00 (UK only) 


This two-volume work is the first major treatment of a 
subject that has hitherto received inadequate atten- 
tion in parasitological literature — the Biology of the 


Eucestoda. Covering a wide range oftopics,and with | 


contributions from leading experts in the field, these 
two books comprise the most authoritative and — 


comprehensive study of tapeworm biology to date. It ` 


contains review articles on eucestode evolution and 
systematics, on ecology and on morphology, fine 
structure and development. Other contributions are 


concerned with biochemistry and physiology, patho- 


logy, immunity, and chemotherapy. Both volumes 
contain extensive illustrations, tables and refe- 
rences, 


BEYOND 
NEO-DARWINISM 


An Introduction tothe New 
Evolutionary Paradigm 
Edited by Mae-Wan Ho and Peter T. Saunders 


February 1984, 384pp., 0.12.380080.X 
$40.00/£28.00 (UK only) 


The Neo-Darwinism synthesis has been subject to o 
widespread criticism in recent years. This volume is 


concerned with the next step: the development of an 
alternative. It brings together work from a variety of — 
disciplines, demonstrating the breadth of vision of 
the new paradigm and the common threads which 
hold it together. 


Edited by John Hickman 
April 1984, 339pp., illustrations, 0.12.347220.2 
$32.00/£20,00 (UK only) 


The editor, Colonel Hickman, presents here a 
complete account of horse care based on his own 
considerable experience in this area. With each 
chapter written by a recognized expert, Horse 
Management covers all aspects from birth through to 
training, including equine reproduction, housing the 
horse, foods and feeding, stable management. the 
foot and shoeing, exercise and training 
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In this major new text Professor Lopreato outlines 
a theory of human nature viewed as an interrelated | 
set of genetically programmed behavioural pre- 
dispositions, and a theory of biocultural evolution. 
His approach is based on a rich analysis of ethno- 

- graphic, psychological and sociological arguments 
an data, as well as facts and theories from 
comparative zoology. 


‘admirably lucid and runs smoothly from sociology 
to biology and back again, showing it can be done. 

| Professor Lopreato’s grasp of evolutionary biology 
is truly remarkable. This book has a potentially 
unifying role to play.’ 


Professor E.O. Wilson, Harvard University, 
author of ‘Sociobiology: The New Synthesis’ 
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acceptance’’ as far as Schmitt and Jung are 
concerned, and that means that ‘‘The 
expansion of nuclear energy thus becomes 
a problem of political decision making’. 
‘\ Ahey are surely right. 

"As The least- satisfactory chapters in the 
“book are one from the United States and 
two others from France. The American 


study, by G.R. Corey, is the familiar full - 


cost analysis which abounds in the past 
literature. It is replete with data that can 
hardly be checked and assumptions that 
are heroic at nearly all points. The con- 


tributions from the French Atomic Energy | 


Authority (CEA) are the worst kind of 
institutional arrogance. This is a great pity, 
but not a surprise: the French commitment 
to nuclear power is not only greater than 


that of any other country, but their pro- | 
gramme is beset with considerable prob- 
lems of overcapacity and cost. J. Baumier | 
and L. Duchatelle, and their colleague L. | 
Thiriet (appropriately from the public | 


id relations department), have no wish to 


l __yexplore problems. Baumier and Duchatelle | 
= write about the French Fast Breeder 


Reactor, Super-Phénix, which from an 
engineering point of view may prove to be 
an achievement. But from the economic 
standpoint it is a disaster. The attempt by 
the authors to juggle with figures in order 
to show that while the first station will 
produce power at twice the cost of a 
Pressurized Water Reactor the “cost ratios 
will progressively approach unity” is 
unconvincing and ought not be taken 
seriously (as I am sure it is not by Electricité 
de France). : 

Less strident but characterized by the 
Same cover-up technique is the contri- 
bution by A. Farmer of the United King- 
dom Atomic Energy Authority. The recent 
stinging report by the Comptroller and 


Auditor General on the vast sum of money | 
that has been expended on the UK | 





Prototype Fast Reactor at Dounreay, 
which nine years after completion hardly 


works at all, ought to raise some very real | 


questions about project evaluation and fin- 
ancial monitoring of nuclear projects. A 


British Fast Reactor of commercial size | 


now appears to have been abandoned but 
the annual research and development allo- 
cations of £100 million plus continue. For 
how long? With what benefits? And for 
whom? 

As an exposition of the manner in which 
nuclear power has developed its own 
peculiar brand of economics, which must 
be seen of course as a part only of its 
rationale, this book is informative and 
illuminating. Yet all books on nuclear 
power, without exception, ought to be read 
critically and with a certain degree of 


\ disbelief. Because this one does not carry a 


health warning, it needs to be consumed 
with at least as much care as its pre- 
decessors. Cj 





Colin Sweet is Director of the Centre Jor Energy 
Studies at the Polytechnic of the South Bank, 
London, ee 
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The information man 


Walter Gratzer 








Essays of an Information Scientist, 
Volume 5. 

By Eugene Garfield. 

ISI Press, 3501 Market St, Philadelphia: 
1983. Pp.848. $25 (North America), 

$28 (elsewhere). 


veena | 








“An, Mr Gibbon’’, the Duke of Gloucester | 


is supposed to have observed, on being 
presented with the second volume of The 


| Decline and Fall of the Roman Empire, 
| “another damned, fat, square book. 
| Always scribble, scribble, scribble, eh?” 
Likewise Eugene Garfield, whose business | 


is the printed or processed word, and 


whose own output with this, his fifth | 
volume of essays, culled from Current | 


Contents and running to 848 pages, has 


probably by now exceeded Gibbon’s life’s | 


work in the majesty of its bulk. It is true 
that, as he explains, in the essay entitled 
“How do you do it? Write all those essays, 
I mean’, Dr Garfield has the advantage of 
Gibbon in that he marshals a staff of 
helpers who man his organization (the In- 
stitute for Scientific Information) and have 
titles such as Director of Communication, 
Manager of Bibliographic Research and 
Manager of Editorial Materials, not to 
mention two secretaries, called Sharon and 
Mary, their pens ever poised for dictation. 
All the same Dr Garfield’s achievement is 
considerable, for he maintains a high level 
of readability, and from the well of 
statistics about science that he has sunk 
there gushes an inexhaustible stream of 


curious, interesting and sometimes outlan- | 
- dish information. - 


Dr Garfield has done more than invent 


Current Contents and the Science Citation 


index to smooth the path of scientists: he 
has used the new information technology 


to generate a whole new human activity, | 


which will undoubtedly become known (if 


it is not already) as scientometry or scien- | 


tometrics, Although it had probably occur- 
red to no one before Garfield had his first 
brainwave that anything of much conse- 


quence could be inferred from the | 
references appended to every scientific | 


publication, their function has undoubted- 
ly undergone a surreptitious transforma- 
tion. From being merely part of the ap- 
Paratus criticus, designed to assist the 


reader to acquaint himself most easily with | 
the background of the subject, references | 


have acquired, with the emergence of 


| ““peer-review’’ and centralized funding, a | 


ritual significance, They are now selected 
mainly to flatter, mollify or disarm. Why 
else, if not with a shifty eye to the impres- 
sion that their bibliography might make on 
present or future members of a Study Sec- 
tion, do authors, as one of Dr Garfield’s 
analyses has shown, cite by preference the 
work of their own compatriots at the ex- 
pense of that from other countries? Con- 








versely, scientists with undernourished 


make their dissatisfaction known if they 


believe their work to have received insuffi- 


cient acknowledgement. As for auto- 
referencing (I cite Dorothy Parker), the ad- 
vantage of self-praise is that it can be laid 
on thick and when it is most needed, Now 
that Science Citation Index ratings have 
even found a place in litigation, over such 
diverse matters as tenure or promotion and 
alleged maltreatment of laboratory 
animals, we disregard them, it seems, at 
our peril. 

Like mercy then, citation is twice blessed 
(or three times if one takes account of ISI 


| and Dr Garfield); it blesseth him that gives 


and him that takes. Moreover, Dr Garfield 
leaves us in no doubt that his league tables 
reflect merit in some sort. He rebuts the 
commonly heard argument that the best 
way to join that blessed host of the most 
cited authors — in Dr Garfield’s terminol- 
ogy the Nobel Class, no less — one need 
only make some trifling improvement in an 
analytical colour reaction or devise a new 


| buffer system for gel electrophoresis, by 


demonstrating that only a minority of the 
Nobel Class would be supplanted if their 
aaa E EN re ee 

New journals review 








On 27 September Nature will publish the 


- fourth annual review supplement devoted to 


science journals. 
Criteria for inclusion of a journal in the 1984 
issue are that: 

(i) the first number appeared, or the 
journal was retitled, between June 1982 and 
May 1983 (the second cut-off date allows at least 
three issues of a journal to have been published, 
the minimum number on which a reasonable 
judgement can be based); 

(ii) it is published at least three times a 
year; | 

(iii) the main language used is English, 

Publishers and learned societies are invited to 


send four different issues of each suitable 


periodical, including the first and most recen 


numbers (if from outside the United Kingdom, = z 
by air mail) to: The Review Editor, Nature, 4. oe 


Little Essex Street, London WC2R. 3 


England. Subscription details, if possible for e 


both 1984 and 1985, should be included. 


egos are, as every editor knows, apt to — 





476 





single most cited paper were taken away. 
And yet, and yet... looking down the 
register of the Nobel Class, we see amongst 
the Nobel laureates and aspirants the 
names (I would have thought by common 
consent) of some of the choicest noodles in 
all of science, as well as some striking 
absences (not a Huxley in sight for exam- 
ple); presumably some of these operate in 
sparsely populated fields, or then again 
perhaps, as Chargaff has suggested... 
less important to be first than to be last. 
Garfield himself quotes a testy letter from 





an illustrious virologist, to the effect that | 


his Citation Classic (another of Garfield’s 
coinages) is one of his less significant ac- 
complishments, being cited exclusively for 
the procedure that it contains for washing 
and suspending bentonite clay, which is 
used as a nuclease inhibitor. 


All the same, whatever one’s (wholly | 


subjective) reservations, Dr Garfield’s 
statistics afford a unique panorama of 
science in action, and many a diverting in- 
sight into the intimate habits of its practi- 


= tioners. The refinements of authorship are | 


= particularly rewarding. We learn for exam- 
ple that with success comes a modicum of 
generosity: Nobel laureates, once the 
_ bacon is safely home, tend to yield priority 
> totheir co-workers in the listing of authors. 
An examination of papers published in the 
Journal of Physiology, which as a matter 
of editorial policy places authors’ names in 
alphabetical order, reveals that Professors 


TE) <TBOOKS... 


| and other technical 
publications 
on Nuclear Energy 
write for free 
publications and 
services catalog 


_ American Nuclear Society 
-555 N. Kensington Ave. 
La Grange Park, IL 60525 
(312) 352-6611 


Circle No.21 on Reader Service Card. 


it is | 
ast. | crusher of the kind common in particle 
physics, as for a solo effort? The experts, | 
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with names such as Zweig, or those who 
have graduate students called Aardvark, 


take their business elsewhere. Indeed the 


citation-watchers, such as Professor 
Derek de Solla Price, have, it appears, 
been much exercised about how to 


apportion credit for authorship: should the | 


first author be entitled to store up more 
riches in heaven than the second or the 


twenty-second? Should one receive equal | 


benison for a share in a thirty-author bone- 


you will be relieved to hear, are working on 
it. 

The scope of Dr Garfield’s writings tran- 
scends the work of ISI, however. When 
Charles Dickens received as a contribution 
to the literary magazine, of which he was 
editor, a set of poems with the title ‘Orient 





| with the scribbled comment, 
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pearls at random strung” he sent it back 
ttoo much 
string’’. There is, to be sure, a certain 
amount of string in Dr Garfield’s latest 
anthology, but overall he gives excellent JA 
value. His organization has endowed prizes7\. 
and sponsored local artists; he. writes 
pleasantly about these enthusiasms, and 
his dissertations on such subjects as risk 
assessment, and most of all on medical 
matters, are at times quite transfixing. His 
book is worth the money just for his ac- 
counts of those three arguments against 
the existence of God, acne, halitosis and 
venereal trichonomiasis. One looks for- 
ward to more in the same vein anon. O 


atanma anarian AnA AAAA 






Walter Gratzer i isin the Medical Research Coun- 
cil Cell Biophysics Unit, King’s College, Lon- 
don. 


Metals on the brain 
Laszlo Magos 
Neurobiology of the Trace Elements 


(in two volumes). 
Edited by Ivor E. Dreosti and 








| Richard M. Smith. 


Humana: 1983. Vol.1 pp. 374, Vol.2 
pp.320. Each volume $49.50 (US), 
$59.50 (elsewhere). 





THE title of this work refers to trace 
elements, but it is not without significance 
that only one chapter in the two books 
deals with an element which is not metal or 
metalloid. The first volume is dedicated to 
Trace Element Neurobiology and 
Deficiencies, the second to Neurotoxi- 
cology and Neuropharmacology; neuro- 


| pharmacology, however, is represented by 


a single contribution only. 

Though there are many common targets 
for essential and toxic metals — for 
example catecholamine metabolism for 
copper and manganese, or hippocampus 
for zinc, lead and trimethyltin — market 
research probably indicated that interest in 
one volume would frequently exclude 
interest in the other. As evidence of this, 
both volumes have the same foreword, 
preface and conclusions. As a toxicologist I 
cannot agree with the assumption — I 
found the first volume more cohesive, 
comprehensive and altogether better 
reading. One has the impression that the 
editors, with experience in trace metal 
deficiencies, were better equipped to con- 
duct the authors of the first volume to play 
in concert but did not influence the authors 


| of the second to the same extent. More- 


over the correction of inconsistencies in 
the chapter on manganese in Vol.2 (for 
example when absorption is described) 
would have greatly improved this 
contribution. 

In the first volume there are two chapters 
on copper, three on zinc and single 
chapters covering iodine, iron, selenium 


and cobalamine. There is very little repe- 
tition when more than one chapter is dedi-. 
cated to the same metal. The authors 
balance well biochemistry, pathology, 
clinical and experimental investigations, 
and amalgamate diverse knowledge effort- 
lessly, putting the main cpa on 
developmental neurobiology. 

The second volume has anm- excellent 
chapter on mercury, but this account is 






| rather narrow in scope being restricted to 


indexes. 


the effects of methylmercury on the fetal 
brain. The hiatus is filled by a contribution 
on the behavioural toxicology of heavy 
metals, which, in addition to covering 
behavioural effects, concisely describes the 
neurotoxicity of methylmercury, metallic 
mercury and lead, and at least mentions 
arsenic and organotins. Given the effect of 
trimethyltin on the hippocampus, 
however, a chapter on these compounds =, 
should have been included. The rest of 7 
Vol.2 contains two chapters on cadmium 
and three on lead, with manganese, 
aluminium and lithium each being rep- 
resented by single chapters. Though the 
teratogenecity of zinc deficiency is des- 
cribed in the first volume in detail, and the 
protective effect of zinc against the tera- 
togenecity of cadmium in the second 





volume, it is not mentioned that cadmium 


inhibites the placental transport of zinc. 
Nevertheless the defects of the second book 
are relatively minor and it mainly suffers 
from comparison with Vol. 1. 

Researchers in fields related to the 
neurobiology or neurotoxicology of trace 
metals will probably find, as I did, the 
reading of this not unusually expensive 
work to be rewarding. Beyond the 
information supplied, the quality of paper 
is excellent, the typography is clear and 
pleasant, and references, complete with™ 
titles, are plentiful and are arranged in /~ 
alphabetical order at the end of the chap- 
ters. Both volumes are supplied with good 
Cl 








Laszlo Magos is in the Medical Research 
Council Toxicology Unit, Carshalton, Sey 








Lipases 


, edited by B. BORGSTROM and H.L. BROCKMAN 


- This work is written by specialists in their respective 
fields, guaranteeing a high quality of the book The first 
part of the book deals with the general features of 
lipolysis discussing the background of lipolysis, the 
reaction schemes, the interfacial character of the 
process, its physicochemical nature and different 
experimental approaches. in the second part of the 
book emphasis is placed on mammalian enzymes and 
they are described in the order they are confronted 
with the original substrate - dietary fat - in the 
gastrointestinal tract. There follows lipoprotein lipase 
which converts the chylomicrons to remnants which 
are taken up by the liver as substrates for liver lipase. 
The hormone-sensitive lipase of the adipocytes and 
its regulation is dealt with in detail as are the 
lysosomal lipases. Also included are the lipoprotein 
lipase and bile salt-stimulated lipase of milk. 
| 1984 344 pages 

_ Price: US $123,00/ Dfl. 320.00 
ISBN G~444-80526 ~5 


_ Enzyme Regulation by Reversible 


Phosphorylation — Further 
Advances 


edited by P. Cohen 
MOLECULAR ASPECTS OF CELLULAR REGULATION, 
volume 3 


gegeral editor: B Cohen 


Molecular Aspects of Cellular Regulation is an 
occasional series of books on mullidisciplinary topics 
which are designed to Hlustrate general principles of 
cellular regulation. 
This third volume is a follow-up to Volume land 
provides authoritative accounts of a number of 
systems in which the importance of this phenomenon 
has come to be recognised over the past lew years. 
Each article is written by leading workers in the field 
and because of the multidisciplinary nature of this 
subject is preceded by a long intraduction to enable 
the general reader to understand the background to 
the topic under discussion. 

1984 xx + 230 paves 

JS $75,007 DEL 193,00 
ISBN 0-444 - 80525 -7 


Separation Methods 


edited by Z DEYL 

NEW COMPREHENSIVE BIOCHEMISTRY, Velume 8 
general editors: A. NEUBERGER and LL.M. VAN 
DEENEN 

This volume presents an overview of current 
chromatographic and electromigration separation 
methods with the emphasis placed on diverse blo- 
chemical applications with fhe necessary background 
in theory and instrumentation. 

The aim of the book is to offer a fast and updated 








picture of current possibilities that chromatography 
and electromigration techniques offer to a biochemist. 
1984 554 pases 

Price: US $ 75.00/ DAL. 195.00 

ISBN 0-444 -80527-3 


Lysosomes in Biology and 
Pathology 


VOLUME 7 
edited by J.T, DINGLE, R.T. DEAN and W. SLY 


This volume, the seventh in the well-established 
series ‘Lysosomes in Biology and Pathology’ covers the 
major advances which have recently been made con- 
cerning the biosynthesis and intracellular transport of 
lysosomal enzymes. 

Written by major contributors in the Held, the book 
discusses the understanding of receptor-ligand inter- 
action, endocytosis, recycling of receptors and 
membranes, and entry of endocytosed viruses and 
toxins into the cytosol. 


1984 512 pages 
Price: US §125.00/ Dfl. 325.00 
ISBN 0~ 444 -80523 -0 


Chloride Transport Coupling in 
Biological Membranes and 
Epithelia 

edited by G.A. GERENCSER 

These original, contemporary review papers by out- 
standing international researchers describe the 
mechanisms, and regulation of the mechanisms, by 
which chloride is transported across biological 
membranes. The contributors study the major 
membrane systems involved in chloride transport 
and ifs regulation from simple plants to higher 
animals, through morphological, physiological and 
biochemical perspectives, 

An additional point of interest is new kinetic models 
for chloride transport that reflect discrete anatomical 
loci in the tissue andor heterogenous cell 
populations. This book is suitable for graduate 
students and research workers in the field of 
biochemistry, biophysics, zoology, botany, biology, 
neurobiology, pharmacology, agriculture and the 
medical sciences. 

1984 468 pages 

Prive: US S$ 13.50; DR. 295.00 

ISBN 0-444 - 80522 -2 


Highlights in Receptor Chemistry 


Proceedings of the 2nd Camerino Symposium on 
Recent Advances in Receptor Chemistry held in 
Camerino, italy, 5-8 September, 1983 

edited by ©. MELCHIORRE and M. GIANELLA 

This proceedings volume provides an up-to-date 
collection of recent developments in the area of 
receptor chemistry. Particular attention is given to: 
receptors of the nervous sytem; SAR studies; receptor 


| enzymes involved and their regulation. 







isolation; receptor topography; biochemical. con- me ee 
sequences of receptor occupancy and receptor theory. | 
The multidisciplinary approach ensures an overall | 
view and brings together the recent results of leading — 
researchers from a number of diverse disciplines, 
including chemistry, biochemistry, pharmacology, - 
biophysics, physiology and mathematics. 

This volume will be of great interest to pharma- 
cologists, biochemists, neurologists and medicinal 
chemists. It will also be a valuable source of reference | 
to medical students and post graduate students in 
related fields. 


1984 viii+ 306 pages 
Price: US $87.25 /Dfl. 175.00 
ISBN 0-444 - 80569 -9 


Fatty Acid Metabolism and its 
Regulation 
edited by S. NUMA 


NEW COMPREHENSIVE BIOCHEMISTRY, Val. 7 
General editors: A. NEUBERGER and L.L.M. VAN 
DEENEN 


Biochemical, malecular-biological and genetic 
studies carried out during the last decade have e 
considerably improved the understanding of fattyacid f = 
metabolism and its regulation. This volume presents 
the current status of research in this field, laying 
emphasis on the molecular characterization of the 


The chapters contributed by leading scientists in the 
specific areas will serve those who teach as well as 
those engaged in research, 

1983 216 pages 

Price: US § 49.50/ Dil. 129.00 

ISBN 0-444 -80528 -1 





Selected Topics in the History of 
Biochemistry | 


Personal Recollections | 

edited by G, SEMENZA 

COMPREHENSIVE BIOCHEMISTRY, VOLUME 35 
series editors: A, NEUBERGER and LL.M. VAN DEENEN 


{formerly edited by M. Florkin and E. H. Stotz} 
One of the most exciting developments in biological 
sciences has been their merging with chemistry and 
physics resulting in the new disciplines of bio- 
chemistry, biophysics and molecular biology. As the 
developments of these new disciplines has been so 
rapid many of the key discoveries have occurred 
within the lifetime of a number of prominent 
scientists in the field. 
The chapters in this and in future volumes are meant 
to complement the personal recollections by these ae pte 
scientists, the History of Biochemistry in this series © {> 
(vol. 30-33 by M. Florkin and Vol. 34 by E Schoffeniels J. 
and P. Laszlo). These bibliographic. and autobiographic i 
chapters convey to the reader lively, albeit at mesi Os 
subjective, views on both the scientific and social o fo 
environments of the authors. BEDES y 
1983 xviii + 400 pages 
Price: US § 80,75 / Dil. 210.00 

US $ 48.25/ DII 125.40 {subscription price} 
ISBN 0-444 - 80507 -9 








ELSEVIER 


ELSEVIER SCIENCE PUBLISHERS 


PO. Box 211,1000 AE Amsterdam, 
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Distributor in the U.S.A. and Canada: 
ELSEVIER SCIENCE PUBLISHING CO. INC, 
PO. BOX 1663, Grand Central Station, New York, 
NY 10163, U.S.A. 7 
US S Prices are subject to exchange rate fluctuations. : 
Prices are excl. BTW. for Dutch customers, 
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Editor: Michael Hoskin Churchill College, Cambridge 
This important new rapid-publication monthly for astronomers 
will be launched in July. 


Astronomy Express aims to 


* publish up-to-the-minute information on significant new 
findings in astronomy, astrophysics and planetary sciences 


feature news of current developments and trends as well 
as full-length research papers 


* 

* utilise streamlined submission and refereeing procedures 
to ensure speed of publication 

* 


use quality paper to allow good reproduction of 
photographs 


Astronomy Express gridsheets conform to the LAU. format, no 
page charges are made, and contributors receive a free 

supply of offprints. Circle no. 6 on the Reader Service Card or 
write to the Press for gridsheets and subscription information. 


Editor-in-Chief: W. J. Whelan University of Miami 
Staff editor: Adam Wilkins C. U.P. England 

This major new current-awareness monthly will provide 
biological scientists with the results of major discoveries at 


the very frontiers of molecular, cellular and developmental 
biology. 


BioEssays 


* meets the growing demand for a publication devoted to 
reviews, comment and the rapid interchange of biological 
ideas 

* covers the medical, industrial and agricultural implications 
of primary developments in the new biology 

* welcomes illustrated (black and white, and 2-coloun 
reviews for publication 


Circle no. 7 on the Reader Service Card or write to the Press 
for more details. 


Write to Alleen Askwith (Cambridge) or Harry Florentine (New York), 


Volume 1 July- December 1984 
Volume 2 January~ June 1985 
Volume 3 July~ December 1985 


institutional rates 
one volume ~ £30.00/$67.00 
two volumes ~ £60.00/$135.00 


Special Introductory offer! 
three volumes £75.00/$169.00 


individuals rates 
one volume ~ £15.00/$32.00 
two volumes ~ £30.00/$65.00 


Special introducton offer! 
three volumes £37 .00/$81.00 


ISSN 0265-5265 


Volume 1 July~ December 1984 
Volume 2 January- June 1985 
Volume 3 July — December 1985 


institutional rates | 

one volume ~ £32.00/$68.00 
two volumes ~ £63.00/$135.00 
Special introductory offer! 
three volumes £70.00/$150.00 


individuals rates 


one volume ~ £15.00/$24.00 
two volumes ~ £28.00/$48.00 
Special introductory offer 

three volumes ~- €32.00/$54.00 


All prices valid until 31.12.85. 
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now provides a much needed straightforward and readable introduction to temperature measurement and calibration. 


“This book will do much to assist those entering the field of temperature measurement and calibration,” 


P. B. Coates in Journal of Physics E 
“The book contains a wealth of practical information on the subject, invaluable to both the experienced scientist and the unskilled neophyte,” 


. ; Kone ; Laboratory News 
Part A is a basic course in thermometry, intended for reading in its entirety: i 


* Traceability * Temperature scales 

¢ Uncertainty in measurement ° Liquid-in-glass thermometry 

e Calibration methods © Thermocouple thermometry 

* Platinum resistance thermometry ¢ Using the thermometer 

Part B gives selected topics an extended and more mathematical treatment: 

* Thermodynamics * Heat transfer 

+ Treatment of errors ¢ Thermistors, solid state detectors, radiation pyrometers, 
* Resistance measurement resonance thermometers, etc. 


“Traceable Temperatures” should help in understanding many test specifications as well as providing a basis for formulating 
test procedures, Particular emphasis has been attached to the needs of testing laboratories seeking registration under a 


laboratory accreditation scheme. The methods given in the book should be capable of adoption by even very small-scale 
laboratories. 


“Although the book is based on New Zealand practice, this is of little disadvantage to readers in other countries, as the practice is firmly 
based on British, American, and International standards. The intentions of the authors are carried out in a competent and effective way, and 
‘Traceable Temperatures’ should be a useful addition to the library of any laboratory where temperature measurements are made. It is, 
moreover, a very well produced book that is a pleasure both to handle and to read.” 


226 pp, 96 illustrations including halftones and diagrams, cloth. Rostron Hindley in Laboratory Practice 
ISBN 0-477-06708-5 NZ$18.50 plus $2.50 p&p overseas 
Publications Officer, 

Science Information Publishing Centre, 

DSIR, P.O. Box 9741, 

Weilington, New Zealand. 
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Rype 


Discoveries, For more information or a price 


quotation, contact your local 
Not Reagents Pharmacia P-L Biochemicals/ 
Pharmacia Fine Chemicals 
representative or write 


to one of the 
addresses 


below. 


Oligodeoxynucleotides of 

— | defined sequence are an | 

__| increasingly important tool in | 

research. This means that you | 

the researcher, must ask the | 

question: "Where can I get this | 

vital product?” You could | 

synthesize and purify the | 

oligodeoxynucleotide yourself, | 

but this takes valuable time | 

away from your research; | 

instead of making new | 
discoveries, you are making 


reagents! Expensive “gene e Modified 


machines” can do the synthesis, nucleosides 


but you must still invest your e 
time to purify the product. Is available 


| 
| 
there no better way to obtain 
custom oligodeoxynucleotides? « Scale from 1 OD 
| 
, 


e Mixed 
sequences 
or probes 


to 5000 ODs 


The better way 1s to have 
Pharmacia P-L Biochemicals 
prepare your custom 
oligodeoxynucleotides. Our 
experienced team of skilled 
professionals can quickly 
synthesize and purify the exact 
sequence desired in the 
quantity that you require. 
Whether you need | OD or 
5000 ODs, whether you need 
modified bases or a mxed 
sequence, we can supply your 
oligodeoxynucleotide ready for 
you to use. Put our custom 
synthesis experience to work 
for you-—let Pharmacia P-L 
Biochemicals prepare your next 
custom oligodeoxynucleotide. 
Remember, your business 1s 
scientific research: our business 
is making your reagents. 





Kilt 
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Serum components from NCI 


ne of fifteen new products this week is a system based on Edman degradation which will detect amino 
“acids at 1 pmol. And NCI announces the availability of serum components. 





® Two new nonisotopic assays for 
monitoring thyroid function have been 
announced by Syva, the Syva Advance 
thyroxine assay and the Syva Advance T-3 
uptake assay. Using fluorescence energy 
transfer immunoassay (FETI), the assays 
are designed to run on the Syva Advance 
system The thyroxine assay measures total 
(protein-bound and unbound) thyroxine in 
serum. The T-3 uptake assay measures 
human-serum binding capacity for thyroid 


hormone. The assays require only a small 


sample size (25 jd for thyroxine; 40 yl for 
T-3 uptake), and both assays use a simple 
two-point calibration. 

_ Circle No. 100 on Reader Service Card. 

® The Gilson 401 dilutor is a single-syringe 
diluter that dispenses, pipettes and dilutes 
with very high accuracy and precision for 
liquid sample handling. In addition to the 
usual performances expected from an 
automatic and programmable dilutor, the 
Gilson 401 will perform sequential 
dilutions, aspirate up to 12 different 
samples in a single cycle, split an aspirated 
volume of reaget into up to 12 fractions and 
function in ‘‘reverse pipetting’? mode to 
eliminate the risk of cross contamination. 
Programming is via a simple keypad con- 
troller and its microprocessor based 
ciruitry can store up to 90 programs for 
easy access. This dilutor may also be 
externally controlled from a computer. 
Circle No. 101 on Reader Service Card. 

® A comprehensive reference list is 
vailable from Vector Laboratories 
‘covering 120 publications using the ABC 
immunoperoxidase staining system. In 
addition to light microscopy with 
polyclonal antibodies on parrafin sections, 
applications include staining of frozen 
sections, cytocentrifuge preparations, 
solid phase enzyme immunoassays, nitro- 
cellulose blots, and pre- and post- 
embedding EM using monoclonal anti- 
bodies, lectins and biotinylated 
polynucleotide hybridizing probes. 

Circle No. 102 on Reader Service Card. 

@® The derivatizing reagent phenyliso- 
thiocyanate (PITC), the major reactant in 
the Edman degradation procedure for 
sequencing proteins and peptides, has been 
modified by Waters Associates to providea 
new HPLC technique for amino acid 
analysis. Termed PICO-TAG, the new 
method offers 1 picomole detection in 
analysis of primary and secondary amino 
‘acids in only 15 minutes. 

ircle No. 103 on Reader Service Card. 


These notes are based on information 
provided by the manufacturers. For further | 
details circle the appropriate numbers on the 
Reader Service Card bound inside the 
journal, 
















PRODUCT REVIEW 





The new pH/mV calibrator from Chemtrix. 
@ An extensive range of avidin conjugates 
for use in indirect immunoassays is 
available from Tago Inc. The avidin con- 
jugates are now available with FITC, 
rhodamine, Texas Red, horseradish 
peroxides, alkaline phosphatase, or beta- 
galactosidase. Quality performance is con- 
firmed by ELISA testing and histological 
microscopy. These new avidin conjugates 
are companion products to a wide line of 
biotinylated xenogenic affinity-islolated 
antibodies and F(ab’), fragments specific 
for human, mouse, rat, rabbit or pig Ig. 
Circle No. 104 on Reader Service Card. 

@ The new Kratos MS 25 RFA mass 
spectrometer features new magnet 
technology, faster scanning capabilities 
and a higher mass range than previous 


models. The fast scanning (0.1s) magnet | 
permits acquisition of high quality spectra | 
from extremely narrow GC peaks, and the | 


higher mass range of >3,000 AMU at 1 kV 
delivers high quality high mass spectra 
when used in conjunction with a fast atom 


bombardment source. Combined with the | 


new DS 90 colour graphics data system, the 
MS 25 RFA offers levels of performance, 


previous available only using more | 


expensive high resolution GC/MS systems. 
Circle No. 105 on Reader Service Card. 

@ The Chemtrix ‘‘pHault Finder” is a 
hand-held pH checker which can quickly 
and accurately test the calibration, tem- 


perature compensating circuits, input | 
impedence and millivolt output of a pH | 


meter. This unit stimulates the input froma 
pH electrode in pH units, Oto 14 pH or mV 
units, +355 to -414 mV units. For each 
unit change in pH, the millivolt reading 
shifts +59.1 mV units. Additionally, the 
automatic and manual temperature com- 


pensating circuits of a meter may be | 
verified with the pHault Finder in 25°C | 


steps between 0° and 100°C. 
Circle No. 106 on Reader Service Card. 














@® The VG Instruments PlasmaQuad is a 
powerful new system for elemental analysis 
combining an inductively coupled plasma 


| with a high-resolution quadrupole mass 


spectrometer (ICP-MS). The ICP-MS 
technique gives cleaner spectra than other — 
analytical methods for lower limits of 
detection and low noise levels. 

Circle No. 107 on Reader Service Card. 


ADVERTISEMENTS 


MARSRA co.: New, 





5-Cell Equilibrium Dialyzer 
for Uigand) binding and distribution studies under 
standardized conditions. 
Sdifferent SASNGSPERA® ~~ rotating-cell- 
e types {PTFE} are available: 
minimal volurnes 0.125, 0.6, 
0.7, 1.5, 3.0 mi. Equilibrium 
reached in 15-180 minutes. 
Vohage of the drive is 
transformed down to 14 V 
thereby avoiding any risk 
when using a temperature 
controlled water bath. 






















DIANORM-Gerate. P.O. Box 126, D-89000 
München 65, FRG 
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SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 
Singer Micromanipulators enable anyone to 
make exact movements without tremor or lost. 
motion, in three dimensions, using a single : 
contral handie under low or high power 
magnification. | 
A varied range available. All simple to operate. 
SINGER INSTRUMENT CO. LTD., 


Treborough + Road water, ; 
Tel: Washford 0984) 40226/325 













24-Hr. NUI 
Bio-News 
HOTLINE 


(707) 459-9582 | 


A Free public service of ` 
*BioEngineering News® | 
(*The First biotech newsletter, $ 
Since 1980) 

P. O. BOX 290 | 
WILLITS. CA 954908 
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—PRODUCT REVIEW 








Bio-Rad’s DEAE Affi-Gel® Blue 
has been used successfully to 
purify rabbit and human IgG 
from whole serum. Now it’s 
been reported’ that this same 
one-step chromatographic pro- 
cedure can be used to purify 
mouse monoclonal antibodies 
directly from ascites fluid un- 
der mild conditions—pH 72. 
The resulting IgG fraction is 
free of protease and nuclease 
activity and is stable to long 
term storage. The authors in- 
clude a chromatogram (Fig. 1) 
showing the separation of IgG,. 
The procedure is also effective 
for IgG.. 


1. Bruck, C., Portetelle, D., Gilneur, C. and Bollan, 
A., J. immunol. Methods, $3, 313 (1982). 






See us at The American 
Society of Biological 
Chemists/AAI Booth S-3 


For details, contact: 














Bio-Rad Laboratories ~ 
Chemical Division 
2200 Wright Avenue 
Richmond, CA 94804 
(415) 234-4130 
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@ The new brain slice chamber from 
Medical Systems Corporation of Great 
Neck, New York features a single base unit 
and two interchangeable top units. The 
Haas top configuration utilizes semi- 
submersion techniques, providing good 
stability for intracellular recording and 
rapid exchange for perfusion fluids. The 
Zbicz top is designed to maintain viable 
slices of tissue submerged under a constant 


flow of perfusing liquid. A range of | 


techniques can be used for evaluation of 
drug actions. Cell longevity of 10 or more 
hours is possible. A companion 
temperature controller is offered which 
functions with either top chamber and 
regulates temperature 30°-40° + 0.2°C. 

Circle No. 108 on Reader Service Card. 

© Dynatech Laboratories’ AM572A 
multi-purpose Autowash washer/ 


aspirator can deliver wash fluid and | 


aspirate a complete 96-well MicroElisa 
plate in 60-90 seconds, depending on the 


specific test requirements. The machine is | 


therefore suitable for the smaller 
laboratory with a limited through-put of 
Miro-Elisa tests as well as being capable of 
handling the demands of the large-scale 
user. It can also be used in certain RIA and 
blood-transfusion applications. A simple 
but accurate depth adjustment on the 


wash/aspirate manifold makes the | 


AMS52A Autowash particularly suited to 
working with tissue culture monolayers. 
Circle No. 109 on Reader Service Card. 

@ A new test kit for the determination of 
angiotensin converting enzyme (ACE) in 
serum is available from Boehringer 
Mannheim. The colorimetric assay is based 
on the ability of ACE to convert hippury- 
glycyl-glycine into glycyl-glycine which is 
converted to trinitrophenyl-glycyl-glycine 
by trinitrobenzylsulphonate. The 
absorbance of trinitrophenyl-glycyl- 
glycine is measured at 420 nm. The test 
requires a sample of only 10 yl. 

Circle No.110 on Reader Service Card. 

© Very low levels of NADH and NADPH 
can be detected using the new LKB bio- 


luminescent assay. The reagents use | 


bacterial luciferase coupled to a specific 
oxidoreductase enzyme. There are there- 
fore two reagents, one for NADH, the 
other for NADPH. These reagents give a 
vastly improved (1,000-fold) sensitivity 
compared with spectrophotometric assay 
for NADH, NADPH and associated 
enzyme assays. An application paper is 
available from LKB. 

Circle No.111 on Reader Service Card. 


@ New from Cruachem, ColorTAG | 


monomers can be used during the synthesis 
of a mixed DNA probe to determine the 
success or failure of a mixed addition. The 
deprotection effluent from each of the 
monomers is a distinctive colour and so the 
actual nucleotide ratio at a degenerate site 
can be determined by visible spectroscopy. 
This provides confirmation that all pos- 


sible sequences are indeed present in a | 


mixed probe. 
Circle No.112 on Reader Service Card. 
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@ For decontamination of laboratory 
glassware used with radioactive solutions, 
ICN Radiochemicals is marketing 
Dekasol. After a 24-hour soak at room 
temperature in 5% Dekasol and distilled... 
water, residual activity for carbon- 
tritium and phosphorus-32 is usually 0.2% ~ 
of the original activity. For more stubborn 
radioactive substrates, such as those con- 
taining iron-49 and iodine-131, soaking ina 
20% solution of Dekasol at 50°C for 2 
hours provides effective decontamination. 
Circle No. 113 on Reader Service Card. 

@ Zetabind is a charge-modified mem- 
brane matrix for DNA, RNA and protein 
transfer applications. Manufactured by 
AMF Cunuo, Zetabind is composed of 
charge modified nylon 66 which results in 
an electrostatic adsorption of anionic 
macromolecules. Binding capacities of 480 
ug g` have been reported and this highly 
efficient binding permits re-use of transfers 
for re-probing. Zetabind, unlike DBM and 
DPT papers, does not require chemica 
activation and can be stored indefinitely 







room temperature. Efficient binding of — 


anionic macromolecules in low salt buffers 
permits electrophoretic transfers from 
gels. It also provides enhanced binding for 
capillary blots. 

Circle No. 114 on Reader Service Card. 





Frozen serum panels 
from NCI 


A VARIETY of serum components 
(including peptide hormones, viral 
antigens, isoenzymes, glycoproteins, anti- 
bodies, immune complexes, tumour- 
associated antigens, carbohydrates, 
phospholipids and nucleotides) have been 
reported to be useful in cancer diagnosi 
and/or in monitoring cancer treatment OF , 
recurrence. The US National Cancer 

Institute is interested in evaluating serum 
assays that are potentially useful in the 
diagnosis of cancer. Coded panels com- 
posed of 1 mi aliquots of pretreatment 
frozen sera from patients with various neo- 
plasms, from benign disease patients and 
from healthy controls are available to 
investigators to evaluate assays in which 
preliminary results indicate the ability to 
discriminate between cancer patients and 
controls. Promising results may form the 
basis for a subsequent grant application. 
Preliminary data documenting a useful test 
must be submitted and should include: a 
brief description of the assay, results of 
patients with cancer, results of patients 
with non-malignant disease, results in 
healthy control subjects and reprints of 
published work, if available. Request for a 


coded serum panel should be sent to: | 


Diagnosis Serum Panels, Project Officer. 
NCI-Serum Bank, Diagnosis Branch 
Westwood Bldg., Room 10A10, 5333 
Westbard Avenue, National Cancer 
Institute, National Institutes of Health, 
Bethesda, MD 20205. G 
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Where can you turn to get the crucial information you 

need — and get it all in one stimulating publication? 
Join thousands of your associates in leading 
corporations and institutions who benefit each 
month from the largest and most influential 
publication of its kind. 
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UNIVERSITY OF OTAGO 
Dunedin, New Zealand 


CHAIR OF MATHEMATICS 


The University Council invites | 


applications for appointment to the 
Chair of Mathematics at present 
occupied by Professor D B Sawyer 
who. will retire at the end of 1984. 
Applicants should possess a 
substantial research record and good 
administrative and teaching ability. 
Candidates in any area of specialis- 
ation will be considered but prefer- 
ence will be given to candidates whose 
ests are centred in the main body 
Aathematics. | 












annum. In addition, a cost of living 
allowance of NZ$417 per annum will 
be paid. 

Further particulars are available 
from the Secretary General, Associ- 
ation of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
“WCIH OPF, or from the Registrar, 


University of Otago, PO Box 56, 


‘Dunedin, New Zealand. 
<. Applications close on 31 August 
1984. (2206A) 


Professional salaries at present — 
provide for a salary within the range _ 
of NZ$41937 to NZ$52182_ per 


BILLERICAY BURNS 
RESEARCH TRUST 


SENIOR RESEARCH 
FELLOW 


Applications are invited for a Senior 


| Research Fellow for a project in 


burns research. Considerable 
experience in independent research 
will be required. The Fellow will be 
expected to pursue not only his own 
project but also to give advice and 
guidance on their research projects to 
surgical staff at this Regional Centre 


| for Plastic Surgery and Burns. 


The Fellow’s research project 
might be in the structural, bio- 
chemical, pharmacological, physio- 


- logical or experimental pathological 


fields. 

It is envisaged that the Fellow 
would be of a status such as would 
enable the Trust to seek for him or her 
an honorary university appointment 
in one of the University of London 


| Medical Schools. 


Further details may be obtained 
from: A F Wallace, FRCS, NE 
Thames Regional Plastic Surgery 
Centre, St Andrew’s Hospital, 
Billericay, Essex. (2175)A 


BRISTOL POLYTECHNIC 
SCIENCE DEPARTMENT 


RESEARCH ASSISTANT — 
Ref No R734 


Applications are invited from 


honours graduates in Biological | 
Science or from candidates | 


completing their degrees this Summer 
for the post of Research Assistant to 


Dr A Vivian, Reader in Biotech- | 


nology, to investigate the Genetics of 
Host specificity in Pseudomonas pisi. 


This is a 3 year project funded by 
the Agricultural and Food Research 
Council and the successful candidate 
would be expected to register for a 
higher degree. 


Salary Scale: £5,415 — £6,123 per 
annum. 


For further details and an appli- 
cation form, to be returned by 11 
June 1984, please contact the 
Personnel Office, Bristol 
Polytechnic, Coldharbour Lane, 
Frenchay, Bristol or ring Bristol 
656261, ext 216 or 217. 


Please quote Reference Number 
R/34 in all communications. 
(2180A 





—_ : 
§ & Molecular Biologist 


Beckenham, Kent 


The Wellcome Foundation Limited is a major group of pharmaceutical and chemical companies 
with headquarters in the UK and a turnover close to £700m. 


We now have an opportunity for a post doctoral scientist to join our Department of Molecular 
Biology, which comprises some 16 scientists plus technical support, and is involved in 


fundamental research into the cause and prevention of disease. 


duction of hydrocarbon — 


_ THE FLINDERS 
UNIVERSITY OF 
SOUTH AUSTRALIA 
SCHOOL OF 
PHYSICAL SCIENCES 
RESEARCH ASSOCIATE 
Applications are invited for a 
position as Research Associate in the 
School of Physical Sciences. This 
position is supported by the Depart- 


| ment of Resources and Energy for 


work on the development of new 
heterogeneous catalysts for the 


Applicants should have a Ph 


relevant research experience in. 


catalysis or solid state chemistry. - 


The appointment will be made in- 
the salary range $A22,212-$A26,536. ~ 
(under review) according to qualifi- 
cations and experience and will be- 
until June 1986 in the first instance. > 


| Furtherinformation may be obtained | 


275-2288. | 

Applications, including full. 
personal details, details of academic _ 
record, experience and publications, 
and the names and addresses of at — 
least two referees, should be sent to- 
the Registrar, The Flinders Univer- 
sity of South Australia, Bedford 


from Professor B G Baker, Tel (08) _ 


| Park, South Australia 5042, by 30 


June 1984. Applicants are requested 

to ask their referees to forward their. 
reports direct to the Registrar be 
the closing date. : 
(2202)A > 









UNIVERSITY 
OF ARIZONA 
RESEARCH ASSOCIATE 
POSITION 


|] To work in a human tumor biology 


| laboratory. 50% time to oversee cell 


You will be joining a group studying surface antigens of malaria parasites and should be 
experienced in recombinant DNA techniques and capable of independent work but, be prepared 
to collaborate with other scientists. 


We offer a salary not less than £10,000, dependent on experience and ability. Excellent benefits 
include five weeks’ holiday, subsidised restaurant, first class sports and social facilities and 







generous assistance with relocation expenses where appropriate. 


‘Please write with full CV, and quoting reference WRL/ 280, to Mrs A. Bowker, Personnel 
i. Officer, The Wellcome Research Laboratories, Beckenham, Kent BR33BS. 


(2173)A 








| Opportunity/Affirmative 


Wellcome | 


culture activities and 50% time to 


| develop own program. Chance to 
become an independent investigator. 


Formal training (PhD and post- 


| doctoral experience) in cell culture 


and/or cell biology required. 
Experience in biochemical, experi- 
mental therapeutics, immunological, 
or molecular techniques useful but 
not required. | 
Salary commensurate with training, 
and experience. Send curriculajm 
vitae and three references Kow 
F Meyskens, Jr, University of 







| Arizona Cancer Center, 1501 N 


Campbell Avenue, Tucson, AZ 
85724. | 

University of Arizona is an Equal: 
Employer. Closing date Aug 1, 1984. 
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UNIVERSITY 
OF READING 





Ny DEPARTMENT OF 
_ PBYSIOLOGY & BIOCHEMISTRY 


GRADUATE RESEARCH 
OFFICER 


required to work on a project 
concerned with the endocrine 
regulation of nutrient supply and 
utilisation in sheep. The position is 
funded by the Agriculture and Food 
Research Council for a fixed period 
of two years. 


Salary in range £6,310 — £7,190 
pa. Candidates should have a good 
honours degree in Animal 


Physiology, Nutrition or a related | 


subject. 


Apply, quoting Ref R23A, for 
application form and further details 
to Personnel Office, University of 
Keading, Whiteknights, Reading 
2AH. (2180A 





UNIVERSITY OF 
EDINBURGH 


FACULTY OF MEDICINE 
CHAIR OF 
PHARMACOLOGY 


Applicatons are invited for the Chair 
of Pharmacology in the Faculty of 
Medicine in the University of 
Edinburgh. 

The Professor of Pharmacology 
will be expected to provide academic 
leadership as Head of Department, to 
promote and conduct research and to 
participate in undergraduate and 
- post graduate teaching. 

‘he salary will be at the pre-clinical 
professorial level (minimum £17,910 
per annum). 







Further particulars may be 
obtained from the Secretary to the 
University, University of Edinburgh, 
Old College, South Bridge, Edin- 
burgh, EH8 9YL, with whom appli- 
cations (15 copies), including 
curriculum vitae and the names and 
addresses of three referees should be 
lodged not later than 31st July, 1984. 


Please quote reference no 22/84. 
QISHA 








recreational areas. The city offers excellent community facilitie 
particularly for those with a young family. | 
The Joint Intelligence Organisation is responsible for the preparation 


s 


of reports and strategic estimates, both of a long term and current nature; 
on a wide range of subjects of a defence interest, mainly in the 


Asia-Pacific region. 
The successful applicant for this position will carry out documentary 


research and prepare reports on foreign nuclear research, development 


and production. 
Qualifications in science or engineering at a tertiary level and several 

years experience in the nuclear industry or research fields are desirable. 
Conditions of service include four weeks annual leave with a bonus 


payment, cumulative paid sick leave, maternity leave after a qualifying 


period, three months long service leave after ten years continuing service 
and a comprehensive superannuation scheme. Fares and removal 
expenses to take up duty and settling-in allowances are payable in some 
circumstances. 


Applications giving full details of qualifications, relevant experience | 
and employment history, together with recent references and telephone | 
numbers of referees, should be forwarded to: Mr. R. Rankin, Personnel 


Services, Third Floor, Australia House, Strand, London WC2B 4LA 
(Tel: 01-438 8829) by 29th June, 1984. 




























BiIO-COM (U.K) LIMITED 


Bio-Com seeks for international research associates young 
independent and ambitious scientist with strong friendly 
personality, interested in both fundamental and development 


research. Training: immunology, genetic engineering, peptide- 
nucleic acid characterization. initially based at Paris Institution, 
hence, conversational French essential. Willing to travel/ relocate 
UK/USA. Starting salary £9,000 — £12,000. 

Send cv, photograph and manuscript letter to the Director of 
Research, Bio-Com (UK) Ltd, 34 Floral Street, London 


| WC2E 9Dy. 





OM 





WELLCOME BIOTECHNOLOGY LIMITED, FMD BTV 





A vacancy has arisen for a Senior Laboratory Technician to 


level and have the practica 


|] site directed mutagenesis. 7 
| The post will attract a competitive salary and excellent 
| including 5 weeks holiday, life assurance, sick pay and pensigi 
Please write with full details to: Mr. K. Tollett 
Biotechnology Limited, FMD Division, Ash Roat 


(WO45)A Woking, Surrey GU240NQ. _ 








ION, 


PIRBRIGHT | 
SENIOR LABORATORY TECHNICIAN | ; 
oin our 
Research Team in the Foot and Mouth Disease Virus Section at Pirbright. 
This Section is part of our Department of Virology R&D at Beckenham > 
and there is considerable interaction with other Biological Research | 
Departments as well as collaboration with external organisations. ss 
Applicants should be a motivated, educated to degree or HTEC f 
experience to provide full technical expertise f- 
required to general full length DNA clones of Foot and Mouth Disease f 
Virus RNA. To obtain infectious virus from such clones and to perform 



























CSIRO” 
AUSTRALIA 


STATISTICIAN 
(SIGNAL ANALYSIS) 
$A25,342-$A37,274 


DIVISION OF MATHEMATICS AND 
STATISTICS 
CANBERRA ACT 
CSIRO conducts scientific and technological research in 
laboratories located throughout Australia and employs about 7,500 
staff, of whom some 2,900 are professional scientists. The 
Organization's research activities are grouped into five Institutes: 
Animal and Food Sciences, Biological Resources, Energy and Earth 


Resources, Industrial Technology and Physical Sciences. The 


~ CSIRO Division of Mathematics and Statistics is a member of the 
Institute of Physical Sciences. 
$ The Division of Mathematics and Statistics has a staff of 97, 
$ including 75 professional scientists. The Division’s Headquarters 
$ are at Canberra, and there are Regional Offices located at 
- Melbourne, Sydney, Adelaide, Brisbane and Perth. Scientists of the 


+ * 


Division provide advice on the statistical, mathematical and 

numerical aspects of research projects undertaken by scientists in 

other CSIRO Divisions, as well as conducting basic research in 

statistic and mathematics. 

: ‘The Division has a program in Signal Analysis and wishes to 

|” consolidate and expand this program's work in Image Analysis. The 

$= appointee will be required to direct the Division’s research and 

§ consulting in this area. The appointee will be located in Sydney but 
_ may be required to visit other cities in Australia to initiate and direct 

= collaborative work with scientists in other Divisions in CSIRO. 

© Applicants should have a PhD degree or equivalent qualifications in 
a relevant branch of statistics together with research and consulting 
experience in at least one of the fields of geometrical probability, 

$- mathematical morphology or stereology. 

i The position is available for a term of five years and Australian 

Government superannuation benefits are available. 

$ = APPLICATIONS: Stating full personal and professional details, the 

$ names of at least two referees and quoting reference No A3591, 

$- should be directed to: 












The Chief 
CSIRO Division of Mathematics and Statistics 
GPO Box 1965 
CANBERRA ACT 2601 
AUSTRALIA 
By June 29, 1984. 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
(W1027)A 






The Sub Humid Zone Programme of the International Livestock 
Centre for Africa, Kaduna, Nigeria, seeks a SENIOR ANIMAL 
SCIENTIST with qualifications and experience in cattle production 
but who should also have a strong interest in small ruminants and 
“methods of pasture management. The programmes work is 
focussed on mixed farming systems and the interface between 
-pastoral and agricultural communities in the sub-humid zone of 

















forage improvement in these systems. 

We are seeking an individual who can work as part of a small inter- 
disciplinary tearn with a farming systems research approach and 
“who is able to develop innovative approaches to research on small 
OE bolder and pastoral. animal production systems. An interest 











_ between nutrition health and production is essential. West African 
experience and French language are highly desirable. 











ae ‘International Organisations. 
Applications should airmail personal history and names of three 
’ referees to: 











| The Director General, 
ILCA, P.O. Box 5689 — Addis Ababa, Ethiopia 
{(W1023)A 





"-toreach him before July 31, 1984. 











West Africa. There is a strong emphasis on the use of legumes for 


alary and related benefits are negotiable in line with comparable. 








OF EDINBURGH 


DEPARTMENT OF 
PHYSICS 


| Applications are invited for the post of 


UNIVERSITY 
DEMONSTRATOR 


in the Department of Physics from | 
ist October 1984 for a period of | 


3 years. The appointee will be 
expected to contribute to the 
Department's teaching and to join In 


the work of one of the research | 
| groups; preferably that of the - 
| experimental condensed matter | 


group. 
The appointee will probably 


| already have a PhD degree and the | 
salary will be in the range £6,310 — 


£9,425 dependent upon age and 


experience, together with normal | 67 199 __ £8,080 per annum. 


pension arrangements. 


Applications, including the names 
of two referees, should be submitted 
to Professor R A Cowley, University 


| of Edinburgh, Department of 


Physics, Mayfield Road, Edinburgh 
FH9 332, from whom further par- 
ticulars can be obtained. 


Please quote reference No 1135. 
(2194A 





UNIVERSITY OF READING 


WELCOME TRUST 
LECTURESHIP 


DEPARTMENT OF PHYSIOLOGY & 
BIOCHEMISTRY 


Applicants should have research ex- 
perience in the physiology of the fetus 
or newborn, and an interest in the 
neurophysiology of development 
would be an advantage. The appoint- 
ment is from 1 October 1984 for three 
years and may be renewed for a 
further two years subject to satisfac- 


| tory review. 


Applicants should not be more 
than 35 years old or holders of a 


| tenured post. Current Lecturer’s 
| salary £7,190 to £14,125 pa. 


Further particulars and appli- 


| cation forms (2 copies) are available 


from the Personnel Officer, Univer- 


| sity of Reading, Whiteknights, 
| Reading, RG6 2AH, Tel (0734) 


875123 ext 220. Please quote Ref AC 
8413. Closing date 18 June 1984. 
l RISDA 





UNIVERSITY 
OF NOTTINGHAM 


LECTURER IN ZOOLOGY 


Applications are invited for the post 
of Lecturer in Zoology which will 
become vacant on Ist September 
1984. Candidates will be expected to 
have research experience in 
behavioural and/or applied fields of 
Insect Biology. 


Salary will be within the range 
£7,190 — £14,125 per annum. 


Application forms and further | 
| particulars, returnable not later than 
| 18 June 1984, may be obtained from 


the Staff Appointments Officer, 
University of Nottingham, 
University Park, Nottingham NG7 
2RD. Ref no 948. (IIDA 


| Applications are invited for the: 


| University, PO Box 147, Liverp 


| referees to Dr Jocelyn Dow, De 


| Administrator, 
| Laboratories, Christie Hospital and 
| Holt. Radium Institute, Wilmslow 
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UNIVERSITY 
OF LIVERPOOL 
DEPARTMENTS OF 


IMMUNOLOGY AND 
BIOCHEMISTRY 





SENIOR RESEARCH 

| ASSISTANT 
in the Department of Biochemistry to 
work on an investigation into gene 


| cloning of human oncotrophoblast 


antigens defined by monocional anti- 
bodies. This work has important 
implications for our understanding 
of materno-foetal interactions as well 
as the process of oncogenesis. This is 


| a post-doctoral postion for which 
experience in recombinant DNA 


techniques would be a strong 
advantage. 


Initial salary within the range 


Applications, together with the 
names of three referees, should be 


| received not later than 25th June, 


1984, by the Registrar, The 





L69 3BX, from whom further pa; 
ticulars may be obtained. Quote Rer: 
RV/529/N. (2176)A 








- UNIVERSITY OF GLASGOW 


DEPARTMENTS OF BIOCHEMISTRY 
AND MEDICAL CARDIOLOGY 


GRADUATE RESEARCH 
ASSISTANT 


A vacancy exists for a graduate witha 
good degree in Biochemistry or 
Molecular Biology to work on a 
project to investigate control of 
energy metabolism in the heart. 
Salary will be on Range 1B of the 
scales for Research and Analogous 
Staff (£6,310—7 ,630). 


Applicants should send their CV 
and the names of two academi 







ment of Biochemistry, Univers j 
Glasgow, Glasgow, G12 8QQ, t 
arrive not later than 8th June, 1984. 


In reply please quote Ref No 
5264M. 
(2167)A 





SOUTH MANCHESTER 
HEALTH AUTHORITY 
CHRISTIE HOSPITAL AND 
HOLT RADIUM INSTITUTE 
PATERSON LABORATORIES 


RESEARCH TECHNICIAN/ 
SENIOR RESEARCH 
TECHNICIAN 
For work in a Histopathology 
Laboratory providing a service to 

biological research units. 
Qualifications: HNC in Medical 
Laboratory Sciences (Histo- 
pathology) or equivalent experience. 
Salary: £5,491 — £7,747 or £7,491 
~~ £9,507 pa according to age, qualm 
fications and experience. 
Applications to Laboratory 
Paterson 





Road, Withington, Manchester M20 
9BX quoting reference PL/84/10 
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UNIVERSITY OF TEXAS 
HEALTH SCIENCE CENTER 
AT DALLAS 


_ DEPARTMENT OF RADIOLOGY 






* POSTDOCTORAL 
RESEARCH 

NMR APPLIED TO TISSUE 

METABOLISM 


Two positions are available to pursue 
research in physiology and metabol- 
ism using the non-invasive method of 
high resolution nuclear magnetic 
resonance. The laboratory is current- 
ly investigating several aspects of 
cardiac and brain metabolism using 
NMR techniques. Research projects 
in both basic studies and in clinical 
applications are available. The 
facilities of the NMR Laboratory are 
extensive and state-of-the-art and 
include a one meter bore system 
under development for clinical use. 
The laboratory also has an excellent 
staff to support various aspects of the 
reesarch. Candidates should have 
ooo Mning in biochemistry or 
io. §Ology. Additional experience in 
physical and analytical chemical 








methods is desirable but not 


essential. 


Please send a résumé and three 
letters of reference to: Ray L. 
‘Nunnally, PhD, Director of Bio- 
medical Magnetic Resonance, 
Department of Radiology, Univer- 
„sity of Texas Health Science Center at 
Dallas, $323 Harry Hines Boulevard, 
Dallas, Texas 75235. 


Equal Opportunity University. 
(NW 530)A 











| A Postdoctoral 
»research position in | 
‘infectious disease 


is currently available to study 
interactions between several | 
intracellular microbial pathogens 
and the cellular defenses in both 
normal and immunosuppressed 
animals. Current research is 
directed towards understanding 
cellular interactions responsible | 
for the modulation of delayed- 
type hypersensitivity and 
acquired antimicrobial resistance 
during the development of | 
chronic systemic disease in 
inbred mice. Candidates should 
have a strong background in 
infection-immunity or in 
immunology. | 
The Trudeau institute is a | 
private, not-for-profit basic 
medical research institution 
situated on the shores of Lower 
Saranac Lake, about a mile from 
the village of Saranac Lake and 10 
ų miles from Lake Placid, NY. On- 
I.gampus housing is available. 
Peaiary is at appropriate NIH 
Jevels. 
Send curriculum vitae and 
names of three references to: 
| Dr Frank M. Collins, Trudeau 
institute, P.O. Box 59 Saranac 
Lake, N.Y. 12963. An Equal 
Opportunity Employer. 
(NW525)A 







































TRUDEAU INSTITUTE ~ 






| 


M I | | | 


” 


BIOCHEMISTRY: Two tenure- 
track assistant professors effective 
from September 1984. Postdoctoral 
experience and a commitment to 
teaching and research required. | 
Research areas open, but preferences _ 
to neurochemistry and molecular/ - 
cell biology. Application deadline: 
| July 1984. Send résumé, research 
summary of teaching 
experience, and at least three letters 
| of recommendation to: Chairman, 


plans, 


Departmental 


Department of Biochemistry, Emory 
| University, Atlanta, Ga 30322. An 
Equal Opportunity/Affirmative 
Action Emplover. 


Horsham, West Sussex 


Scientific disciplines. 


ADVANCED DRUG 





In line with the policy of Ciba-Geigy Pharmaceuticals to lead the field in = 
technological innovation, a major new research unit dedicated to the discovery 
and exploitation of new concepts for drug delivery has been established in 
Horsham. This unit will provide exceptional opportunities for imaginative and 
highly motivated scientists to carry out original research in a stimulating and 
challenging environment in collaboration with scientists from a wide range of 


Applications are now invited for the following positions: 


Senior Section Leader _ 
in Colloid/Polymer Science 

To lead and participate in the creation of a section of the unit responsible forthe 
design and characterisation of novel colloidal drug delivery systems. The 
applicant should have demonstrated outstanding ability in colloid/polymer — = 
science or in a related field. Ref ACP 1 


Research Scientists 
in Colloid/Polymer Science 
Positions are available for a scientist having a PhD with, preferably, at least two 


years post-doctoral experience, and for graduates with a Strong background in 
colloid and surface chemistry/polymer science or a related field. Ref. ACP 2 


Research Biologist/Physiologist 

To participate in a Section of the Unit responsible for examining the biological č == 
aspects of colloidal drug delivery systems. This post offers an unique opportunity — — == 
to a graduate having a particularly strong background in mammalian biology/ 
physiology to contribute to a multidisciplinary research unit. Ref ACP 3 




















The salary and benefits package for these positions is very attractive and will 
include relocation expenses where appropriate. 


Applicants for these positions should send a full c.v. and an outline of their 
research and career expectations, quoting reference, to Miss S.J. Byrne, 
Personnel Officer, Ciba-Geigy Pharmaceuticals, Wimblehurst Road, Horsham, 
West Sussex, RH12 4AB. . — (2168)A 






MARIE CURIE MEMORIAL 
FOUNDATION 


RESEARCH INSTITUTE 


Two Post-doctoral positions in Molecular Biology. The first will. 
involve the application of recombinant DNA technology to the 
study of cellular gene activation by transforming proteins. = 

The second will investigate the role of the transformation — 
associated protein p53 in cell proliferation and transformation. 
Eukaryotic vectors expressing p53 and a variety of mutants are 
available for this work. a 
These three-year appointments are available now and salary will be ie. 
on the Lecturer Scale. 2 a 
Apply with C.V. and the names of two referees to Dr. G. 
Currie, Marie Curi Research institute, The Chart, Oxted, 
Surrey (088388-3055). >. {2163)A 









Affairs Committee, 














(NWS69)A 


Instrumentation 
Laboratory’s 
Expansion In 
Diagnostic 
Research 


Allied, a 10-billion dollar diversified company, has 
made a major commitment to growth in Human 
Medical Diagnostics. 


This is a new venture focusing on research and 
development of diagnostic products for human 
_ diseases. 


The following positions are currently available at 
instrumentation Laboratory, Allied’s dia nostic 
company, located in Lexington, Massac usetts. 


Scientists 
| Biochemist 


- Eyaluate biotechnologies having application in in- 
vitrodiagnostictests Warrant Nb nodiagnostics, 
monoclonal antibodies and DNA probes. Design 
or develop diagnostic tests using technology avail- 
able within iL or at other Allied divisions. Guide 
designs through production phase. MS biochem- 
istry with 5-10 years’ experience in diagnostics or 
biotechnology. Knowledge of immunology, mono; 
clonal antibody technology. Job code BCH. 


Senior Scientist 


We seek an individual with 2 years’ minimum 
hands-on experience operating a florescence 
activated cell sorter. Background in cell surface 
immunoflorescence, cell cycle analysis and DNA 
staining techniques is necessary. Experience _ 
screening and sorting hybridomas would be desir- 
able. Responsible for maintenance andcalibration 
of the equipment for own project and that of other 
investigators as well. MS/ Ph.D required. 
Job code SSF. 

Senior Scientist 
We seek a Ph.D level scientist to research biologi- 
cal aspects of lymphokines. Requires broadbased 
experience including T-cell hybridoma methodol- 
ogy. Minimum 2 years’ postdoctoral experience. 
Should include the isolation, purification and bio- 
assays for lymphokines. Particular interest in 
TCGF (IL-2) and INF, but not restricted to them. 
Job code SCL. 


Principal Scientist 

Position involves reagent formulation, stabilization, 
and optimization. Ph.D. in Chemistry with 6-8 years’ 
experience required. Simplex optimization method- 
ology background a plus. Job code PLS. 


- Loffers an excellent salary and benefits pack- 
-age. Please forward resume including salary 
requirements and specifying job code for the 

-position you are interested in to: 

Dept. NI 





strumentation Laboratory 

_ 113 Hartwell Avenue 

Lexington, MA 02173 

We are an equal opportunity employer 


— ANMIED tumertation 




















| Applications are invited for the Chair 


| at £17,275. 


(NW557)A 







> 


enzymes can be obtained., 





1984. 


UMIST/ DARESBURY LABORATORY 
SYNCHROTRON RADIATION — POST 
DOCTORAL POST IN X-RAY SPECTROSCOPY | 
Applications are invited for a Research Assistant on a project involving 
the application of X-ray Spectroscopy to the determination of Sf 
structure of copper containing enzymes involved in the biosynthe: 
and metabolism of biogenic amines. The position is tenable from ist 
October 1984 and is for a period of three years. He/she is expected to 
participate in the further development of the EXAFS technique and 
particularly in the analysis of the near edge fine structure from which 
detailed three dimensional information around the active sites of the 


Applicants are expected to hold a PhD in Physics, Chemistry or a 
biological science. Experience with the application of physical methods 
to biological structure determination would be an advantage. 
Commencing salary; £7,630 p.a. on range IA. (under review). 


Applications, quoting reference CH/ 78 Ai, including a 
curriculum vitae and names of two referees should be sent to 
sither Dr N J Blackburn, Chemistry Department, UMIST, PO 
Box 88, Manchester M60 10D or Dr S S Hasnain, Daresbury 
Laboratory, Warrington WA4 4AD. The closing date agri ciate 
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UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MICROBIOLOGY 


TEMPORARY 
LECTURESHIP 
The Department of Microbiology 
invites applications for a temporary 
Lectureship for one year from 
October 1984. The post arises from 


the award of a Nuffield Research l arah in arang AP 
participation in research in areas of 


Fellowship to Dr 1 R Booth, and the 
successful applicant will be expected 
to assist with teaching in microbial 
physiology, genetics and molecular 
biology. There will be the oppor- 
tunity also to carry through a 
research programme. 


Salary within the range £7,190 to 
£8,530 per annum on Lecturers salary 
scale (under review). 


Further 
application forms from The 
Secretary, The University, Aberdeen, 
with whom applications (2 copies) 
should be lodged by 15 June 1984. 

(2170A 





UNIVERSITY OF | 
NEWCASTLE UPON TYNE 
CHAIR OF SOIL SCIENCE 

of Soil Science which will become 


vacant through retirement on 30 
September 1984. The post is open to 


| suitably qualified candidates in the | 

field of Soil Science; some preference 

| will be given to those with interests in | 

| Soil Chemistry. The appointment — 

| will carry the headship of the Depart- 

| ment of Soil Science for an initial 
| period of five years. 


The appointment will be effective 
from October 1984 or as soon as 
possible thereafter. Salary will be at 
an appropriate point on the range for 
professional staff which commences 


Further particulars may be 


| obtained from the Registrar, Univer- 


sity of Newcastle upon Tyne, 6 
Kensington Terrace, Newcastle upon 
Tyne, NEI 7RU, with whom appli- 


E cations (15 copies) giving the names 
| of not more than three referees. must 
| be lodged not later than 6 July 1984. 


Candidates from outside the British 
Isles may submit one copy only. 
(Z1i98)A. 


particulars and 


| WCIH OPF, by 9/7/84, from whom 





MONASH UNIVERSITY 
Melbourne, Australia . 







DEPARTMENT OF 
_ BIOCHEMISTRY oe 
FIXED-TERM LECTURER 
(3-5 YEARS) 


Postdoctoral graduate for teaching — 
medical or science students and- 


(1) cloning and gene expression in 
yeast; (2) human interferon biology, 
as well as genes and expression; (3) 
yeast mitochondril ATP synthetase 
complex; (4) monoclonal antibodies 
and protein chemistry. Enquiries to 
Professor A W Linnane. 

Salary: $424,353 — $A31,994 pa. 
Applications including Ref no 
30212A, curriculum vitae and 3 ref- 
erees to the Registrar, Monash 


| University, Clayton, Vic 3168, 


Australia, with a copy to the 
Secretary General, Association. 
Commonwealth Universitie} 
(Appts), 36 Gordon Square, Lo 






Conditions of Appointment are 
available. 


An equal opportunity employer. 
(2068)A 





UNIVERSITY OF 
EDINBURGH 
FACULTY OF MEDICINE 
LECTURESHIP IN 
PHYSIOLOGY 


Applicants must have a good 
Honours Degree in Physiology and at 
least three years’ research experience. 


Salary will be at an appropriate 
point on the scale £7,190—£14,125. 
USS Superannuation. 


Applications (8 copies) including a 
full curriculum vitae and the nakgie 
and addresses of three refefets 
should be sent to the Secretary to the 
University , University of Edinburgh, 
Old College, South Bridge, 
Edinburgh, EH8 9YL by 25th June, 





| 1984, from whom further particulars 
_ can be obtained. E 


Please quote reference | 134. 5 i 5 
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La forte expansion de notre 


LABORATOIRE 
PHARMACEUTIQUE 


et son rayonnement à l'étranger 
nous permettent la création d'un nouveau 


CENTRE DE RECHERCHE, 
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ll participera au choix de son implantation géographi- 
que et sera chargé de son aménagement puis de sa 
direction. | 

Scientifique de haut niveau, tourné vers la pharmaco- 
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logie, il sera suffisamment éclectique pour ANIMER : 
et COORDONNER des équipes de chercheurs for F 
mées de chimistes et de pharmacologues innovant = 
dans divers axes thérapeutiques. fs 
La maitrise de la langue francaise est nécessaire. By 
Prière d'envoyer lettre manuscrite en francais, C.V. et pa 
photo, en précisant sur l'enveloppe la référence 6760 R 
à Emplois et Carrières, 30 rue Vernet, 75008 Paris - ‘i 
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VISITING RESEARCH Assistant 
Professor/Post doctoral non-tenure 
track position available Sept 1, 1984 
for Molecular Biologist interested in 
working on cell-specific gene 
expression in Caenorhabditis 
elegans. Individual must have a PhD 
and expertise in DNA cloning and 
sequencing. Salary $18,000-$20,000 





RESEARCH ASSOCIATE 
Post Doctoral 
Cell biology or biochemistry. 
Basic studies ọn intracellular 
| peptide processing, glyco- 
[ ietion, transport and secretion. | 
year appointments. Salary 












David V. Cohn, PhD Depart- 
ments of Oral Biology 
and Biochemistry, Health 
Sciences Center, University of 
Louisville, Louisville, KY 
40292. USA (502) 588-7507. 
on (NW543)A | 


qualifications. Minimal teaching is 
required, full benefits, renewable 
yearly up to five years. Send résumé 
and 3 letters of recommendation to 
Dr Michael Klass, Biology Depart- 
ment, University of Houston, 
Houston, Texas 77004, (NW55 DA 











| acid analyzer 


commensurate with experience and | - 


_ An equal opportunity employer mifihandicapped. _ 












Cetus Corporation and Cetus Madison Corpor ation, leaders in 
the field of biotechnology, are currently seeking candidates for 
the following positions: : oe 


FERMENTATION 
MICROBIOLOGIST/ 
ENGINEER #84078 


Successful candidates will have an M.S./Ph.D. and have re 
experience in small and large scale fermentation. The position _ 
requires self-motivated individuals who are willing tobe = 
involved in bridging the gap between laboratory advances 
and commercial production. _ oS 


_ Respond to this position to: 
Personnel Dept., Cetus Madison Corp. 
- 8520 University Green 
Middleton, WI 53562 


SR. SCIENTIST/SCIENTIST #83159 
Cetus Corporation is currently seekin qualified Ph.D.’s for our 
Molecular Cloning Department. Candidates should havea 
minimum of three years’ postdoctoral experience in the area of 
gene expression in mammalian cells and the construction of 
expression vectors. f e 


ASSOCIATE SCIENTIST #84079 


Candidates should have a Ph.D./M.D. with background in 
experimental regulation of human or murine IgE production. 


RESEARCH ASSOCIATE/RESEARCH 
These positions assist in research directed towards the isolatio. 
and characterization of mammalian genes and their products.. 
Requires M.S. or B.S. and 3+ years of experience in aac 


molecular biology. Experience in mRNA isolation, — 
characterization and cDNA cloning desirable. 







Candidates will assist in maintenance and operation of amino ae 
& sequencer, purification and biochemical N 


characterization of native & cloned human proteins, ee 
Successful candidates should have B.S./M.S. in Biology or 


|| Biochemistry with a minimum of 2 years’ experience in protein. — 


chemistry especially in the areas of high and low pressure 


|| liquid chromatography, protein assays, gel electrophoresis 


and isoelectric focusing. 
This is an opportunity to join a dynamic company that 
encourages professional growth. 
Send resume or apply in person to: 
Cetus Corporation 
Job # oo 
1400 Fifty-third Street 
Emeryville, CA 94608 








Classified 6 


The European Molecular Biology Laboratory, 

a research institute situated in Heidelberg, 

West Germany, invites applicants for the following 
vacancies at the Laboratory’s Outstation 

at the Deutsches Elektronen-synchrotron (DESY) 

site in Hamburg 


APPLICATIONS 
PROGRAMMER 


The successful candidate will help the scientists at 
the Outstation to design, develop and maintain 
data acquisition and application programmes for 
_ the synchrotron radiation experiments at the Outs- 
- tation which include protein crystallography, time 
resolved scattering and X-ray spectroscopy 
(EXAFS) on biological systems. 


He/she will also be expected to take part in the 
daily operations of the computers at the Outsta- 
ton: VAX 11/750, PDP 11/45, PDP 11/24. 
Computer network access is used to maintain col- 
laboration with other groups. Since a large number 
of projects are carried out by visiting workers, an 
ability to interact with people is indispensable. 


An interest in applying computer technology to 
scientific problems is indispensable and previous 
programming experience in a scientific environ- 
ment will be an asset. The ideal candidate would 
have at least 3 - 5 years experience using one or 
more high tevel languages (FORTRAN, PASCAL). 
Knowledge of assembler for PDP 11 or VAX is an 
advantage. 


The net salary offered wili be around DM 3900, - 
monthly. Certain allowances are payable in addi- 
tion, depending on personal circumstances. 

An initial contract of 3 years’ duration, which can 
be renewed, will be offered. 


Please write briefly for an application form quoting 
reference N°84 /23 to : 


Personne! Section, 


al Postfach 10.2209, 
Nits _D-6900 Heidelberg 














United Medical & Dental Schools 
of Guy's & St. Thomas's Hospitals 


NEW BLOOD LECTURESHIP 


7 Department of 
aooo Chemical Pathology 
A molecular biologist with research experience is required in the 
Department of Chemical Pathology based at Guy's. The post offers the 
opportunity to work in association with a team involved in the 
development of malarial vaccines using recombinant DNA 
<E Technology. Applicants should submit an outline of research proposals 
| _ relating to the investigation of human pathology. 
E Applicant wiry. visit the Department should contact Professor S 
Cohen (01-407 7600, ext 3365). 
ppointment to this post will be for an initial period of three years. 
| pplicants should not exceed 35 years of age and must not currently 
< F hold a permanent UK university appointment. 
J) Salary in range £8,080 — £14,125 plus £1,186 London Allowance and 
Superannuation. 
Application forms are obtainable fram and should be returned to 
the Dean, Duys Hospital Medical School, London Bridge, SE1 
SRT notlaterthan 21st June 1984. 00 (2172A 








































































AUSTRALIA 
STATISTICIAN __ 
(STATISTICAL ECOLOGY) 
$A25,342-$A37,274 
DIVISION OF MATHEMATICS AND 
STATISTICS 
CANBERRA ACT 


CSIRO conducts scientific and technological research in 
laboratories located throughout Australia and employs about 7,500 
staff, of whom some 2,900 are professional scientists. The 
Organization's research activities are grouped into five institutes: 
Animal and Food Sciences, Biological Resources, Energy and Earth 
Resources, Industrial Technology and Physical Sciences. The 
CSIRO Division of Mathematics and Statistics is a member of the 
institute of Physical Sciences. | 
The Division of Mathematics and Statistics has a staff of 97, 
including 75 professional scientists. The Division’s Headquarters is 
at Canberra, and there are Regional Offices located at Melbourne,. 
Sydney, Adelaide, Brisbane and Perth. Scientists of the Division | 
provide advice on the statistical, mathematical and numerical 
aspects of research projects undertaken by scientists in other 
CSIRO Divisions, as well as conducting basic research in statistic 
and mathematics. The current statistical programs of the Division 
are: : 

Regression analysis 

Design and analysis of experiments 

Multivariate analysis | 

Analysis of remotely sensed data 

Geostatistics 

Signal analysis E 
The Canberra regional group of the Division has extensive and 
continuing collaboration with scientists from the CSIRO Institute of 
Biological Resources. The appointee will be involved in 
strengthening and widening these contracts, through the 
application of statistical methodology to biological and ecological 
research, and the development where appropriate of new 
techniques. 
Applicants should have a proven record of research and 
collaboration in relevant areas of statistics. Expertise in the sampling 
of biological and ecological material, and the analysis of data thus 
collected, are particularly relevant. Familiarity with the role and 
practical application of modelling in these disciplines is also 
desirable. 
Applicants should have a PhD degree or equivalent qualifications i 
a relevant branch of statistics, together with appropriate researc 
and consulting experience. | | 
The position is available for an indefinite period and Australian $ 
Government superannuation benefits are available. 
APPLICATIONS: Stating full personal and professional detalis, the 
names of at least two referees and quoting reference No A3541, 
should be directed to: 











The Chief 
CSIRO Division of Mathematics and Statistics 
‘GPO Box 1965 
CANBERRA ACT 2601 
AUSTRALIA 
By June 29, 1984. 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
= E (W1020)A 





INSTITUTE OF DERMATOLOGY 
(University of London) 


A. CUN S , 

Post-Doctoral Assistant 
required for one year, to carry out research into analytical methods for’ 
peptide and phospholipid mediators of inflammation in human skin. Ary Si 
interest in modern instrumental techniques (HPLC, GCMS, FAB-MS; § 
would be an advantage. . 
Salary on the Research Assistant Scale 1A. | $ 
Applications with the names of two referees to Dr A.l. Mallet, f 
institute of Dermatology, Homerton Grove, London E9 6BX, | 
from whom further information can be obtained (Tel: 01-9857061 | 
ext 33). 3" — 4219 A: 







































RP FOUNDATION 
<- FIGHTING BLINDNESS 


© EXECUTIVE DIRECTOR 

Research Foundation to prevent 

_ blindness seeks National Executive 
Di¥tctor at headquarters in 
Baltimore. 


Requires strong basic science 
background and minimum of five 
years administrative experience. 
Fund raising experience important. 
Unusual opportunity for the right 
person. 





Send résumé in confidence to | 


Marcia Snyder, Acting Executive 
Director, RP Foundation Fighting 
Blindness, 8331 Mindale Circle, 
Baltimore, MD 21207. (NWS60)A 





UNIVERSITY OF 
DUSSELDORF 
ASSOCIATE 
PROFESSORSHIP (C3) 
IN MICROBIOLOGY 


Applicants are invited for the above 
‘position in the Institute of Micro- 
biology, University of Düsseldorf. 
Candidates should be working in the 
field of molecular genetics of yeast or 
filamentous fungi to enable a close 
cooperation with existing research 
programs in the Institute. Additional 
funds and positions are available. 





< Further information can be 
obtained from Prof Dr C P Hollen- 
berg, Tel 0211-3114720. 

Applications, including 
‘curriculum vitae, a summary of 
research results and the names and 
addresses of three referees, should be 
sent to: 







Weaturwissenschaftlichen Fakultat 
sitatsstraBe 1, D-4000 Düsseldorf | 
(FRG), 


Closing date 12 July 1984. 
(W1022)A 





THE UNIVERSITY OF 
LEEDS 
DEPARTMENT OF BIOCHEMISTRY 
LECTURER 


Applications are invited for the 
above post available from 1 Octobe 
1984. : 


Salary on the academic scale for 


Lecturers (£7,190-——£14,125) (under | 


review) according to age, qualifi- 
cations and experience., 


Application forms and further | 
particulars may be obtained from the | 






istrar, The University of Leeds 


cations 21 June 1984. 

- The person appointed will par- 
ticipate in teaching biochemistry to 
science and medical students and will 
be expected to undertake research 
and should be appropriately quali- 


BIDA 


The Dekan der Mathematisch- | 


g@tniversitat Düsseldorf, Univer- | 


A vacancy has arisen in a large research- 
based pharmaceutical company situated in 
the South of England for a person to lead a 
team of scientists involved in the application 
of the latest gene manipulation technology 
to bring about the overproduction of 
medically important secondary metabolites 
from micro-organisms. The work of this 
group is supported by modern, well- 
equipped fermentation and scale-up 


facilities, 


To qualify for this important post the 
successful candidate will be an accomplished 


scientist with a PhD and 


subsequent experience in the field 
of genetic engineering, who 
should also be conversant with the 
methodology and potential for 
yield enhancement of multi-genic 


PA Advertising 


Hyde Park House, 60a Knightsbridge, London SWIX 7LE. 
Tel: 01-235 6060 Telex: 27874 








THE UNIVERSITY OF 
LEEDS 


DEPARTMENT OF 
PLANT SCIENCES 


POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for the | 
above post for work on a project | 
supported by ICI to study the growth | 
and development of winter barley. | 


The appointment will be made for a 
fixed period of up to four years, 
beginning as soon as possible. 


Applicants should have, or shortly | 
be expected to receive, a PhD in | 
agricultural science or crop 
| physiology. Experience in field 
studies of growth and development in 


cereals is desirable. 


Initial salary up to £9,425 a year | 


(under review} on the LA Scale for 
Research and Analogous Staff 
(£7,190-£11,615) (under review) 


according to age, qualifications and 
| experience. : 


9JT, quoting reference no | 
9D. Closing date for appii- | 


Informal enquiries may be made to | 
Professor Elston (Tel (0532) 431751 | 
| ext 377). 


Application forms and further | 
particulars may be obtained from the | 


Registrar, The University of Leeds 


LS2 9JT, quoting reference no | 
| 53/23D. Closing date for appli- 


cations 25 June 1984. (I6BDA 


CANCER 


The Upjohn Company, recognized as a world leader ino oy 
pharmaceutical research, is seeking a Scientist with molecular fo — 
biology training and experience to join its Cancer/Virus po 
Responsibilities will include the } 











patawa. This challenging position isideal 
or a person who feels equipped to direct this 
work towards a successful commercial 
application. 

In addition to a competitive salary, 
benefits include a non-contributory pension 
scheme, free life assurance and excellent 
sports and social facilities. Relocation 
expenses will be provided where 
appropriate. eae 

Please write with full personal, career _ 
and salary details to the address below, 
quoting ref: $3116/N on the envelope. 
Your application will be forwarded 

directly to the client, unless marked 
for the attention of our Security 
Manager with a note of 
companies to which it should not 
be sent. 





(2228) 





MOLECULAR | 
BIOLOGIST - 






Research Department. d 
isolation, characterization, and utilization of cancer-related: 
genes as part of the discovery process for new anticancer 


agents. Significant collaboration with departmental cell | 


biologists in related departments is expected. 


Candidates must have a Ph.D. (or equivalent degree) in bio- 
chemistry, microbiology, or related field with emphasis on the 
Study of the molecular biology of cancer-related genes. Post- 
doctoral experience is desirable. Strong oral and written 
communication skills are required. 


Upjohn offers a stimulating research environment. career 
potential, and peer recognition for scientific accomplishments. 


Publication of results and full interaction with the scientific. fo. 
community is expected. For confidential consideration, senda | 
current c.v., list of publications, names and addresses of jo 
references, and graduate transcripts (if appropriate) to:Gerald į 


L. Potratz, Department 16278-G, The Upjohn Company, 7000 
Portage Road, Kalamazoo, MI 49001. pagent 


(NWS558)A 


A century of caring 


An Equal Employment Opportunity Emplo | 





















Classified 8 





British Museum 
(Natural History) 


g — Plant. 
E Taxonomi 


The British Museum (Natural History) is primarily an institution 
for taxonomic research and has world-wide collections of animals, 
insects, plants and minerals, There are 5 scientific departments which 




















are supported by a comprehensive library and full technical services 
including electron microscope and computer facilities. 

This opportunity is in the Department of Botany which has one 
of the largest collections of botanical specimens in the world, providing 
excellent opportunities for research on the relationships, biogeography 
and evolution of plants. The successful candidate will continue the 
project for a complete typification catalogue of Linnaean plant species, 
and bring it to a successful conclusion. Work will also include providing 
an on-going Departmental service for enquiries relating to types from 
older collections and contributing to Flora Mesoamericana, the main 
Departmental flowering plant research project. 

Candidates must have a 1st of 2nd class honours degree in botany 
or a related subject and at least 3 years relevant postgraduate experience 
in plant taxonomy A knowledge of the older literature and collections 
would be especially advantageous. 

Appointment as Higher Scientific Officer £8 395-£10,810 (including 
£1250 Inner London Weighting) with starting salary 
according to qualifications and experience. 


For further details and an application 









form (to be returned by 22 June 1784) 
write to Civil Service Commission, 
Alencon Link, Basingstoke, Hants, 

RG21 1B, or telephone Basingstoke 

(0256) 68551 (answering service operates 

outside office hours}. 








Please quote ref $B/78/DK. 


The Civil Service is an equal 


opportunity employer 





(221A 
UNIVERSITY OF ABERDEEN UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY OF LEICESTER 
T ORARY Leicester Biocentre 
REA POSTDOCTORAL 
| RESEARCH ASSOCIATE 


The Department of Microbiology 
invites applications for a Temporary 
‘Lectureship for one year from 
October 1984. The post arises from 
the award of the Nuffield Research 
Fellowship to Dr 1 R Booth, and the 
successful applicant will be expected 
to assist with teaching in microbial 
physiology, genetics and molecular 
biology. There will be the 
«Opportunity also to carry through a 
= research programme. 

oo. Salary within the range £7,190 to 
` £8,530 per annum, on lecturers salary 
-escale {under review). 


Further particulars and 
application forms from the 
Secretary, The University, Aberdeen, 
with whom applications (2 copies) 
should be lodged by 15 June, 1984. 
QQI39)A 








Yeast Molecular Biology 


Applications are invited for a 
postdoctoral research position, 
funded by a major UK Food and 
Drink company, to undertake 
research aimed at the improvement 
of existing yeast strains for com- 
mercial applications. 


The project will involve the use of 
genetical, biochemical and 
recombinant DNA methods and 
Applicants should hold a PhD in a 


| relevant subject. The contract is fora 


period of 3 years and appointment 
will be made within the Grade 1A 
salary scale (ie £7,190 — £11,615). 


Applications, with full curriculum 
vitae should be sent to the Secretary, 
Leicester Biocentre, University of 
Leicester, Medical Sciences Building, 
Leicester LEI 7RH. (2105)A 





| (CNA 
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Postg raduate Research 


Training 
Three opportunities for research 
ranima, leading to MPhil/PhD 
), will exist in the depart- 
ment from 1 September 


The following project areas are | 
| available: 


st | 


Photoperiodism and 
Reproduction; Feedback 
control mechanisms on ton 
absorption and transport in 
higher plants; Allosteric 
models and haemoglobin; 
Production and character- 
isation of monoclonal anti- 
bodies for use in a diagnostic 
kit to detect demyelination; 
Biochemical mechanisms of 
resistance to aminoglycosides 
in clinically isolated bacteria; 
Laboratory selection for pesti- 
cide resistance in predatory 
mites; Glycoprotein meta- 
bolism in nerve terminals; /n 
vitro construction of Tnb- 
derived transposons carryin 
novel selective markers an 
transactivated oriT regions; 
Physiological and biochemical 
indicators of alcohol con- 
sumption in support of clinical 
therapies; Numerical aspects 
of species diversity in insects. 
Further details of the projects and 
of research in the Department 
available from the Postgraduate 
Tutor. Two of the posts are 
Researcher A appointments 
(£4,947 pa under review) 
associated with some teaching 
duties in physiology and bio- 
chemistry respectively. 
Applicants should possess a good 
honours degree in an appropriate 
subject. They should provide a 
curriculum vitae including full 
details of any experience relevant 
to the project they nominate, and 
the names of two academic 
referees. Applications should be 
sent as soon as possible to: 
The Postgraduate Tutor, Pepan 
ment of Biology, Oxford 
Polytechnic. 
DEPARTMENT OF GEOLOGY 
AND PHYSICAL SCIENCES 


Temporary Lecturer Il 
Senior Lecturer in 
Geology Ref: GPS/ 31 


Applications are invited for a one- 
year, full time temporary post in 


the Department from_ suitably 
qualified candidates. The post 
will be available from 1 


September 1984 to 31 August 
1965. s 


The successful candidate will in 
part, be resonsible for the 
teaching of Petrology and 
Mineralogy as part of the 


Polytechnic’s modular degree | 


course, Petrology and 
Mineralogy are taught within the 
named degree in Earth Sciences 
and the Geology single field 
honours degree. 


Teaching responsibilities will be in 


at least two of the following 
areas: Metamorphic Petrology; 
igneous Petrol 
reference to Plutonic Rocks; 
introductory Mineralogy and 


Petrology. In addition the | 


successful candidate will be 


required to supervise under- | 


graduate field trips, may be 
required to teach geological map 
work and will be encouraged to 
participate in research, 


Salary Scale 

LW £7,215 — £11,568 
Salary Scale 

SL £10,683 — £13,443 


under review) 
Further aura. and, application 
forms are available from the 
Staffing Department, ext 363. 
The closing date for these posts is 
15 June 1984. (2193 A 


y with special | 


NATURE VOL. 309 31 MAY 1984 


THE UNIVERSITY 
OF IOWA 
DEPARTMENT OF 

CHEMISTRY 
POSTDOCTOROAL, 
POSITIONS (2) — M 
ENZYME MECHANISMS 


Two postdoctoral positions are 





| available beginning July 1, 1984, for 


persons with research experience and 
interests in physical biochemistry 
and/or enzyme biochemistry. One 
position is to study the mechanisms 
of the lipolytic enzymes cholesteryl 
esterase and lipoprotein lipase, The 
second position is to study the mech- 


|i anism of acetylcholinesterase (see J 


Amer Chem Soc (1984) 106, 1883- 


1 1884). Both positions involve the 


design and synthesis of substrates for 


| the studied enzymes and the states by 


a range of reaction kinetics probes, 
including: solvent and substrate 
isotope effects, temperature and pH 
effects, effects of organic cosolvents, 
nucleophilic trapping of inter- 
mediates. The lipolytic enzume and 
study of enzyme activatio 5 
artificial membranes. Experience, 
enzyme kinetics and/or purification 
is necessary. Some experience in sym 
thetic organic chemistry is desirable 


| but is not required. Please send 


résumé and arrange for two letters of 
recommendation to be sent to: 


Dr Dan Quinn, Department of 
Chemistry, The University of Lowa, 
lowa City, lowa 52242. Phone: 
319-353-6398 


The University of lowa is an 
Affirmative Action/Equal Oppor- 
tunity Employer. (NWS6DA 


ASSISTANT PROFESSOR of 
Immunology and Infectious. 
Diseases. (Parasitology). The Johny: 
Hopkins University invites app- 
cations for this position from cand 
dates who have strong interest in the 
parasitic diseases. Curriculum vitae, 
description of research goals and 
interests, and the names, addresses, 
and telephone numbers of three ref- 
erees should be submitted to: The 
Chairman, Department of Iim- 






| munology and Infectious Diseases, 


The Johns Hopkins University 
School of Hygiene and Public 
Health, 615 North Wolfe Street, 
Baltimore, Md 21205. The Johns 


| Hopkins University is an Equal 


Opportunity Employer. (NWS566)A 


Please mention 


when replying to 


these advertisements | 
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ADJUNCT ASSISTANT/Associat 


Professor: PhD with demonstrated 
productivity in molecular biology 
mutagenesis DNA repair, or repli- 


cation experts given sligh 
preference). Full-time research 


optional teaching. Postdoctoral 


As#ociates: to study molecular basi 





state-of-the-art DNA technology 


The Department of Microbiology, 
with ten vigorous, young groups 


devoted to molecular genetics, offer. 
an outstanding academic environ 


ment. The location permits easy 
access (3 to 10 miles) to the attractive 
suburbs and to the many cultural and 
recreational amenities of New York 


City (10 miles). Attractive terms 
_ Apply to: Dr Z Humayun, Depart 


ment of Microbiology F607, New 
Jersey Medical School, 100 Bergen 


Street, Newark, NJ 07103, 
(NW553)A 


UNIVERSIty 
college of 
fF SWANSEA 


Research Demonstrator 


Applications are invited for the 
| vacancy of Research 
Demonstrator in the 
Department of Geology. 
Applicants should either be in 
possession of a PhD or have 
such a degree near to 
completion. Special interest in 
mineralogy, petrology and/or 
structural geology would be an 
advantage. 


- The appointment, which will be 
for one year in the first instance 
from September 14, 1984, will 
be on a scale up to £8,530 per 
annum together with USS/ 
USDPS benefits. 


‘Further particulars and 
application forms (2 copies) 
A should be obtained from the 
Personnel Office, University 
ollege of Swansea, 
Singleton Park, Swansea SA2 
8PP, to which office they 
should be returned by Friday, 
June 22, 1984. (2223) A 

















Cedar Crest (College 


MOLECULAR 
BIOLOGIST 


Tenure-track position, assistant 
professor, starting September 


1984. PhD degree with teaching | 


and research experience in 
recombinant DNA and 
hybridoma technology. Prefer 
applicants with related 
postdoctoral experience. 
Successful candidate will direct 
undergraduate program in 


biotechnology, teach courses | 


related to the program, and 
| supervise undergraduate 
esearch. Salary competitive. 


ipplications close July 1, 
"1984. Submit résumé, three 
letters of reference and 
official transcripts to Dr 
Marion Kayhart, Chairperson, 






‘Department of Biology, Cedar | 


Crest College, 30th and 
Walnut, Allentown, PA 18104. 
ae iNW554)A | 


G “mutagenesis; opportunity to learn 
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| COMMONWEALTH 
AGRICULTURAL BUREAUX 
The leading world agricultural 
information service for 
scientists and technologists 


SCIENTIFIC : 
INFORMATION OFFICERS i 






t 






t 







5 






* 


$ 






Duties include scanning andi 


~ 











control for publication in CAB} 
database. 
Degree in agriculture or biological | 
sciences essential. Reading 
knowledge of at least one language | 
other than English desirable. Salary | 
in scale £5,682-£9,561 per annum. | 









m 








qualifications and experience. 







June, 1 
For application forms andi 
further details, i 














Berks SL6 5LR. 
Tel. Littiewick 
Green 3457. 




























SCRIPPS CLINIC AND 
RESEARCH FOUNDATION 


TWO POSTDOCTORAL 
RESEARCH POSITIONS 


are available for 2 years in an 
established Hepatitis B virus research 













experience in basic recombinant 






the Hepatitis B viral genome in 
human and animal systems. An 
immunologist position requiring 
PhD and experience in T cell cloning 






HBV antigens. 


Please submit cv, references and a 
statement of research interests to Dr 
F V Chisari, C-202, Scripps Clinic 
and Research Foundation, 10666 
North Torrey Pines Road, La Jolla, 
CA 92037. (NW552)A 


Medical research in autoimmune 
diseases and ocular microbiology; 
review and retrieve data in medical 
fields’ prepare research proposals; 


write and edit scientific articles: | 
medical Doctor’s degree; one year | 


medical research experience 
required; passed FLEX exam: Job 
located in San Francisco, $22,000 per 
year; Send résumé and this ad to Job 
No 9081, PO Box 865, Sacramento, 
CA 95804, not later than June [Sth. 
(NWS72)A 


abstracting the world literature on f | 


Starting salary in accordance with f | 


‘Closing date for applications: 30 || 


laboratory. A molecular biologist | 
position requiring PhD or MD and | 


DNA techniques, DNA mediated | 


gene transfer, and cell culture will | 
investigate the state and expression of | 


techniques will investigate cellular | 
aspects of the immune response to | 


RESEARCH PHYSICIAN — | 








AGRICULTURAL AND FOOD | 
RESEARCH COUNCIL 


FOOD RESEARCH INSTITUTE 
(Chemistry and Biochemistry Division) 
PHYSICIST/BIOPHYSICIST 
BIOCHEMIST/CHEMIST 


As a result of additional funding by the Ministry of Agriculture, .° | 


Fisheries and Food, the following posts are available in the 
Chemistry and Biochemistry Division. The posts are aimed. at 
expanding the commitment in research into Biopolymers already in 
the Division. There is substantial existing expertise in the isolation 
and characterisation of proteins and polysaccharides. There is also a 
major emphasis on the use of modern physical methods to study 
molecular behaviour. The methods available on site include: light- 
scattering, X-ray diffraction, low-angle X-ray scattering, electric 
birefringence, flow birefringence, multinuclear NMR spectroscopy, 
high-power NMR spectroscopy (including MAS facility), 
differential scanning calorimetry, dilatometry and electron 
microscopy. Links with specialist University departments are 
established to extend further the range of available techniques. 


The posts are concentrated in two areas of research. 


A. THE FUNCTIONAL PROPERTIES OF CEREAL PROTEINS 
(Posts 84/NP/15, 84/NP/16 and 84/NP/17): 

The aim of the research is to determine the structural factors that 
control the performance of cereal proteins, especially gluten, in 
food, e.g., in baked products. The programme will involve isolation 
and characterisation of cereal proteins, determination -~ by 
physical and spectroscopic methods — of their structures, 
including structural changes as a result of denaturation, and the 
study of physicochemical and rheological behaviour of protein 
solutions and gels related to changes of molecular structure. 


B. THE PROPERTIES OF STARCHES 

(Posts 84/NP/4, 84/NP/5 and 84/NP/6): 

The aim is to identify the molecular processes that determine the 
stability of starch and startch-protein gels. The programme will 
involve the study of (i) the solution behaviour of well-characterised 
starch polysaccharides, using light-scattering and viscometry: tti) 
the molecular association in concentrated systems, using X-ray 
diffraction, dilatometry and differential scanning calorimetry; and 
(fii) related studies in changes in mechanical behaviour. 


Qualifications: Details of the posts are as follows: 


PROTEIN BIOCHEMIST, Higher Scientific Officer (84/NP/15) 
A first or upper second-class honours degree in Biochemistry and at 
least two years’ postgraduate experience, preferably a Ph.D., in 
Protein Biochemistry or Enzymology. Expertise in the 
characterisation of proteins is essential and ability to interact with 
biophysicists in a multidisciplinary team, desirable. 


BIOCHEMIST, Scientific Officer (84/NP/16) 
A degree in Chemistry or Biochemistry. Aptitude for careful 
manipulation of sensitive biopolymers is essential. 


PHYSICAL CHEMIST/SPECTROSCOPIST, Scientific Officer 
(84/NP/17) 


A degree in Physical Chemistry. Experience with the use of physical. E- 


or spectroscopic methods in biological systems is desirable.. 


BIOPHYSICIST/PHYSICAL BIOCHEMIST, Higher Scientific wee | 


Officer (84/NP/4) 7 

A first of upper second-class honours degree in Physics, Physical 
‘Chemistry or a related subject and at least two years’ postgraduate - 
experience, preferably a Ph.D., in the molecular behaviour of 
proteins or polysaccharides. Experience with using physical 
techniques to study complex biopolymeric systems is essential. 


PHYSICAL CHEMIST/ PHYSICIST, Scientific Officer 
(84/NP/5) 

A degree in Physical Chemistry or Physics. interest in the 
application of physical methods to the study of biological systems is 
essential. 

PHYSICIST/PHYSICAL CHEMIST, Scientific Officer 
(84/NP/6) | 
A degree in Physics of Physical Chemistry. Experience with the 
study of the bulk rheology of systems is desirable. | 
Salary scales: Higher Scientific Officer £7,149-£9,561, Scientific 
Officer £5,682-£7, 765 (under review). 

Non-contributory superannuation scheme. 

The Agricultural and Food Research Council is an Equal 
Opportunities Employer. 


Further information and application forms from the E 
Secretary, Food Research Institute, Colney Lane, Norwich 
NR4 7UA, quoting the appropriate reference number. | 





Closing date: 15th June, 1984. BE: {2209A : 











NATURE vou. pi H MAY 1984 





“Classified 10 


ROYAL DUTCH/ SHELL GROUP OF COMPANIES ~ 





International career opportunities 





Production Geologists are responsible for all 
geological matters relating to the appraisal and 
development of oil and gas discoveries and 
work in close cooperation with other branches 
of petroleum engineering. They take a leading 
part in field appraisal and the resultant pre- 
development plans, siting of development 
wells and construction of detailed geological 
models for use by the Reservoir Engineers. 

Minimum requirements are an upper second 
class degree in geology, and at least four years 
relevant experience. An additional higher 
degree will be regarded as evidence that 
candidates are fully equipped to take advan- 
tage of longer term career prospects. 
Applicants must be familiar with the prin- 
ciples of petroleum geology, and should have 


an extensive knowledge of well log correlation, 
subsurface mapping techniques, seismic m- 
terpretation and geological analysis of clastic 
and/or carbonate reservoirs. A basic know- 
ledge of general petroleum engineering and 
data processing would be an advantage. 

We offer a career with excellent prospects for 
development and promotion. Starting salaries 
will be commensurate with background and 
experience. Applicants must be prepared to 
work overseas for a large part of their career. 
Benefits will include attractive family accom- 
modation, primary schooling or assistance 
with boarding school fees, free annual leave 
passages, good recreation and medical faci- 
lities, and an excellent pension scheme. 

Please write for an application form to: 


| Glasgow G12 8OQ. 





(2219A 


Shell International Petroleum Company Limited, 
Recruitment Division (N1), PNEL/22, Shell Centre, 


London SEI 7NA. 





UNIVERSITY OF STRATHCLYDE 


“New Blood” Lectureship 

In Food Science Division 

Department of Bio-science and Bio-technology 

Applications are invited from candidates under 35 years of age for a 

<i lectureship in food science. Preference will be given to candidates with 
< post-doctoral research experience in food related topics. Experience in 

Cone or more of the following areas will be an advantage:- 

: Biopolymers, rheology, food preservation, food microbiology, food 

_ processing and control systems. 

Salary: will be on a lecturer scale (£7,190 — £14,125 p.a.) USS Benefit. 

Further particulars and application forms (quote ref 30/ 84) are 


| available from Staff Office, McCance Building. 16 Richmond 
Street, Glasgow GT1IXA. 


Closing date for applications: 29 June 1984. (2227) A 








RESEARCH ASSOCIATE 
POSITION AVAILABLE 


Research program is in the area of 
molecular basis of calcium action, 
especially the mechanism of action of 
the calmodulin family of proteins. 
Background in Molecular Biology or 


| Biochemistry preferred, but moti- 


vation and ability to interact with a 
multidisciplinary group more 
important. Send curriculum vitae 
and names of two references to 


D Martin Watterson, Department of — | 


Pharmacology and Howard Hughes 
Medical Institute, 723 Light Hall, 


Vanderbilt University, Nashville, TN A : 5 
(NW 573)A “Th tunity employer 


37232. 





THE UNI VERSITY OF 
GLASGOW 
DEPARTMENT OF BIOCHEMISTRY 


POSTGRADUATE 
RESEARCH ASSISTANE: 


A position is available, under a- ' 
from the Muscular Dystrophy Group 
of Great Britain, for a research 
assistant to pursue recombinant. 
DNA studies in relation to Duchenne 
Muscular Dystrophy commencing ist 
October, 1984. 


Applicants should have, or expect 
to gain, a first or upper second class 
honours degree in Molecular 
Biology, Genetics, Biochemistry or 
other relevant biological science; and 
the appointee will register for a PhD. 
The work involves construction. of 
genomic DNA libraries and identifi- 
cation of X-chromosome specific 
cDNA clones. 


Letters of application, including 
curriculum vitae and the names of 
two referees, should be addressed to: 
Dr D P Leader, Department of Bio- 
chemistry, University of Glas 
(2168) 














FACULTY POSITION 
MOLECULAR GENETICIST — 
The Division of Clinical Immunology 
and Rheumatology is inviting appli- | 


| | cations for a tenure-track position at 


the assistant/associate professor 


level, A strong commitment to ree- 


search excellence will be the main. 
criterion of selection. Training m 
molecular biology is required and 
research interests in the areas of 
immunology or mechanisms of in- 
flammation preferred. Candidates 
must have demonstrated research 
ability and will be expected to 
establish a strong independent re- 


| search program. preference will be 


given to candidates holding an MD 
degree. opportunities for par 
pating in graduate programs of Basie 
Science Departments are availa, 
Curriculum vitae, statement of re- 

search goals and interests and names 
of three referees should be sent by 
August l, 1984, to: John E 
Volanakis, MD, Molecular 


| Geneticist Search Committee, 
| Division of Clinical Immunclogy and 
Rheumatology, University of Ala- 


bama in Birmingham, Birmingham, 
Alabama 35292. An Equal 
Opportunity/Affirmative Action 
Employer, (NW S68)A4 


Neurobiologist 
Postdoctoral position available to 
study chemosensory transduc- 
tion in vertebrate taste cells. 
Research involves intracellular 
recording and dye-filling, patch- 
clamping, structure/function 
correlations with electron. 
microscopist. Experience i 
electrophysiology, particul: : 
intracellular microelectrode} ki 
desirable. 

Contact Dr S. Roper, Rocky | 
Mt. Taste and Smell Center, 
B-111, University of Colorado 
: Medical School, 4200 E.. (th A 


| | Ave., Denver, CO 80262. 


mative. action/Equal o ppor 
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[CENTRE FOR REPRODUCTIVE BIOLOGY. 
-| UNIVERSITY OF EDINBURGH 







| GYNAECOLOGIST 
























FOO 





Research Institute, London 
d Scientist/ 
robiologist 







Applications are invited from gynaecologists for a clinical post estab- 

shed by the Medical Research Council to promote the research and 
velopment of new approaches to contraception and menstrual 
8 uction, and the treatment of reproductive disorders. A Honorary 
Clinical Contract will be arranged with the local Health Authority for the 
successful candidate. The terms of this contract are negotiable, but will 
be designed to provide access to patients, both for research and for the 
development of the candidate’s clinical career. 
opportunities exist for clinical research in the Simpson Memorial 
Maternity Pavilion, adjacent to the Centre for Reproductive Biology, 
and for collaboration with the Scientific Staff of the Centre. Applicants 
should have their MRCOG and have undertaken some research. 


The appointment will be made on the MRC Clinical Scales, at the 
equivalent of Senior Registrar or Consultant Grade. 


Applications, including a full curriculum vitae, list of 
_. publications and the names of three referees should be sent by 
25th June to Dr D W Lincoln, Director, MRC Reproductive 

Biology Unit. Centre for Reproductive Biology, 37 Chalmers 

Street, Edinburgh EH3 SEW (telephone number 031 229 2575). 


Outstanding 


(2215)A 


... tO join a team concerned with: the application in developing countries 
of food quality control/quality assurance: low cost methods of food preservation; 
and utilisation of agricultural products by fermentation. The work involves 


some overseas travel, 


Candidates must have a 1st or 2nd class honours degree in food science, 
microbiology or biochemistry and at least 2 years postgraduate experience of 


food microbiclogy/fermentation. 


Appointment as Higher Scientific Officer £8395- £10,810 (including £1250 
inner London Weighting) with starting salary according to qualifications and 
experience. An additional allowance is payable for working overseas. 

; For further details and an application form (to be returned by 22 june 







(2210)A 





© 1984) write to Mr D G Cornish, Tropical Development and Research Institute, 
127 Clerkenwell Road, London EC1R SDB. 


Please quote ref: SA/11/JE. 


The Civil Service is an equal opportunity employer 





THE MIDDLESEX 
HOSPITAL MEDICAL 
SCHOOL 


(University of London) 
London WIP 6DB 


Applications are invited for the post of 
LECTURER IN ANATOMY 


Applicants should have experience in 
hss anatomy teaching and the 
ssful candidate will be 
ouraged to help in the develop- 
ment of the gross anatomy teaching 
programme. Candidates should also 
3e committed to research and will be 
»ncouraged to develop their own 
research programme. Current 
research interests in the Department 
range over Developmental Biology, 





Hominid Palaeontology, Compara- 
tive Anatomy, Cell Membranes and 
the Ultrastructure of Peripheral 
Nerves. Applications are particularly 
invited from candidates whose 
research interests are allied to 
Hominid Palaeontology and Evolu- 
tionary Biology. 


Salary according to age, qualifi- 
cations and experience within the 
range £8,376 -— £15,312 inclusive of 
London Allowance. Further details 
may be obtained from Professor 
Bernard Wood (Tel 01-636 8333 ext 
7179). 


Applications including cv and 
names and addresses of three referees 
to Professor B A Wood, Department 
of Anatomy and Biology at the above 
address as soon as possible. 

(2I84)A 















| Clinical 
| Resear 


Antibiotics 
Excellent salary +car 









Roussel Laboratories is part of the world’s largest and 
most innovative ethical pharmaceutical company. 

The medical department, based at our Wembley Park Po 
head office (moving later this year to Denham, Bucks), E 
is seeking a Senior Clinical Research Scientist to joinits $ 
team of medical advisers, scientists and statisticians, ` 


symposia. 





appropriate. 


Please send a detailed cv, including current salary, or 
ring or write for an application form to Mrs Elizabeth 


Probably in your 30s with a BSc, MSc or PhD, 

preferably in microbiology, you will ideally have at least 

ive years’ experience in a similar role with a 
pharmaceutical company, working on antibiotics. You 
must have a strong interest in post marketed products 

and possess the necessary resourcefulness, drive, and 
contacts in the industry and the medical field to enable 

you to handle projects alone. | 

We provide a first-class range of benefits including free 
family BUPA after a year’s service, free restaurant, free 
life and personal accident insurance, contributory 
pension, and generous relocation assistance where 


This is a unique opportunity for someone to devel ) 
their skills working on post marketed antibiotics and 
projects, and to build up contacts with opinion leaders 
in the medical field by organising clinical trials and | 





Bedford, Roussel Laboratories Limited, Roussel House, 
Wembley Park, Middlesex HA9 ONE 


Telephone: 01-903 1454. 


ROUSSEL 








(2199) A 7 ji a 











UNIVERSITY 
OF DUNDEE 


CHAIR OF BIOCHEMISTRY 


Applications are invited for the Chair 
of Biochemistry which will fall 


| vacant on | October 1984 as a result 
_of the resignation of Professor P B 


Garland to take up a senior research 


| post in industry. 


Further particulars are available 
from The Secretary, The University, 
Dundee DD1 4HN with whom appli- 
cations (10 copies, or if posted over- 
seas one copy) containing full career 
details, a summary of research 
interests, and the names of three ref- 
erees should be lodged as soon as 
possible. Please quote reference 
EST/18/84. It is intended that short- 
listed candidates should be inter- 
viewed in Dundee before the end of 
September, 1984 (J). 


IBDA | 


CHAIRPERSON 


DEPARTMENT OF ANATOMY: 

Applications and nominations arë 
invited for the position of Professor 
and Chairperson, Department of 
Anatomy, University of South 


Carolina School of medicine, Colum- 
bia, South Carolina. Candidates 
should have a record of scholarly: — 
activity, including excellence ine 
teaching, preferably in gross _ 


anatomy, active research interest and 
administrative and leadership skills. 
Applications and nominations will be 
accepted until June 30, 1984. Please > 
submit to: O'Neill Barrett, Jr., MD, © 
Chairman, 
Committee, USC School of Med 
cine, c/o Richard Memor 
Hospital, ACC No 2, Columbia, 
29203. An Equal pp 
tunity/Affirmative . 





Anatomy Search — 











Classified 12 


Post Doctoral, 
Research 
Scientist 


Department of Haematology 
and Oncology 


Royal Children’s Hospital 
Melbourne, Australia 


An opportunity exists to undertake a leading research 
role in the fields of childhood leukaemia and 
childhood solid tumours for a scientist with 
experience in this field. The research laboratory, part 
of the department of Clinical Haematology and 
Oncology undertakes the care of more than 400 
children with a variety of leukaemias and solid 
tumours and is the paediatric centre for bone marrow 
transplantation and autologous bone marrow rescue. 
Development and research are well established in the 
department and a list of research activities and 
publications will be forwarded on request. The Royal 
Children’s Hospital is a major Paediatric centre in 
Australia and very good scientific support facilities 
are available in virtually all disciplines including 
immunology and recombinant DNA technology. 
Joint research projects with the Waiter and Eliza Hall 
institute and the Ludwig Cancer Research Institute 
are well established. Technical heip will be available 
and there is scope for training of doctoral fellows. 


The successful candidate will be funded at the 
appropriate N.H. and M.R.C. scale for seniority and 
experience (range $A20, 164.00-$A30 737.00). Funds 
are available for a three year appointment, however 
transport and removal expenses cannot be provided. 


Written applications describing the candidates area 
of interest, expertise, the proposed research 
programme for the three years, a curriculum vitae 
and the names and addresses of at least two 
referees, should be addressed to Dr. H. Ekert, 
Department of Haematology and Oncology. 


Applications close Friday, 20th July, 1984. 


Dr. Barry R. Catchiove, 
Chief Executive. 





(2177A 


Royal i Childre Ns 


Flemington Road, Parkville 3052, Victoria, Australia. 


0412 





The international Livestock Centre for Africa (ILCA) has a vacancy for an 


Agricultural Economist 


E in ILCA’s Humid Zone Programme based in Ibadan, Nigeria, where the 
< research focuses on small ruminants. The appointee will be a member 
- of a multi-disciplinary team and will carry out field surveys and analyse 
and evaluate existing production systems and proposed changes in 
these. 
The successful candidate will have a PhD in agricultural economics or 
_] an MSc plus several years experience working on smallholder farming 
systems in developing countries. 
For a person recruited internationally the appointment will be initially for 
“two years, with an attractive tax-free salary payable in US$ outside 
Nigeria. in addition to salary various allowances are payable. 
> Applicants should send a curriculum vitae and the names of 
`F three referees by June 30, 1984 to: 
| The Director General 
ILCA, P.O. Box 5689 
Addis Ababa, Ethiopia 
Addis Ababa, 26 April 1984. (W1018)A 
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CSIRO 

AUSTRALIA 

RESEARCH FELLOW 
$A25,342-$A31,270 


DIVISION OF SOILS 
CANBERRA ACT 


CSIRO conducts scientific and technological research in 
laboratories located throughout Australia and employs about 7,500 
staff, of whom some 2,900 are professional scientists. The 
Organization's research activities are grouped into five institutes: 
Animal and Food Sciences, Biological Resources, Energy and Earth 
Resources, Industrial Technology and Physical Sciences. The 
CSIRO Division of Soils is a member of the Institute of Biological 
Resources. 


GENERAL: The CSIRO Division of Soils studies the physics, 
chemistry and biology of soils and other porous media, together 
with the integrative disciplines of pedology and geomorphology. it 
also seeks to establish principles for the application of soil science to 
agriculture, forestry, hydrology, engineering and conservation. The 
Division has laboratories in Adelaide, Brisbane, Canberra and 
Townsville. 
Micromorphological studies are used in the interpretation of soil 
genesis and in the explanation of many soil properties and forms of 
behaviour. Facilities for micromorphological studies at the Canberra 
Laboratories include comprehensive thin-sectioning equipment, € 
range of binocular and polarizing microscopes, computerised 
quantitative image-analysis systems, a rainfall tower for the 
simulation of field conditions and a wide range of anciliary facilities 
in the sub-disciplines of soil physics and chemistry. Access toa f 
scanning electron microscope and electron microprobe is also EE s 
available within the Division. n 
DUTIES: The appointee will undertake research on relationships 
between micromorphology and the physical and mechanical 
properties of soils. In particular, the studies will focus on the f 
relationship between soil structure and hydraulic conductivity, 
compaction and shear in clay soils, using dyes, direct shear-box — 
tests and quantitative image-analysis. There will also be 
opportunities to assist with general micromorphoiogical studies of 
soil A horizon properties and soil genesis. 
QUALIFICATIONS: A PhD degree or equivalent qualifications in 
soil science, physical geography, or geclogy with basic skills in 
microscopy and preferably some experience in soil physics and 
pedology. 
LOCATION: The appointee will be based in Canberra, ACT. 
TENURE: A term of 5 years. Australian Government 
superannuation benefits available. 
APPLICATIONS: Stating full personal and professional details, the 
names of at least two referees and quoting reference No A3S265>- 
should be directed to: The Chiet 
CSIRO Division of Soils 
GPO Box 639 
CANBERRA ACT 2601 
AUSTRALIA 
By June 29, 1984. 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 








Be a. ea 


(WIOIDJA 








a x =x 
Population Biologist 
The Sea Mammal Research Unit is seeking a Biologist or Mathe- 
matician to join a smali team developing and refining techniques for 
estimating the size and status of seal and whale populations. The 
research will involve both mathematical and statistical modelling and 
fieldwork, the latter often under unpleasant conditions. Experience of 
the application of a variety of mathematical techniques to biological 
problems, work with large mammals in the field, and handling of smal 
boats would be an advantage. 




















Appointment will be at the Scientific Officer grade (£5,682 — £7 765 pay 
or Higher Scientific Officer grade (£7,149 — £9,561 pa), depending on j 
qualifications and experience. me 

For further details and an application form write to the Sea Mammal | 
Research Unit, c/o British Antarctic Survey, High Cross, Madingley 
Road, Cambridge CB3 OET quoting post no SM/10. ay 
Closing date for applications: 21st June 1984, _ 
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Medizin ist die 





-Virol ogie 


¥ 


An der Fakultät fir Theoretische ek) + 
| .C4 Professur fiir 


(Nachfoige Prof Dr A.K. Kleinschmidt) zu 
besetzen, Mit der Professur ist die Leitung der 
Abteilung Virologie (Mikrobiologie i} 
verbunden. Der Stelleninhaber hat das Fach 
Virologie in Forschung und Lehre sowie in der 
mittelbaren Krankenversorgung zu vertreten. 






3 Bewerber werden 
°” gebeten, die 
üblichen 
Unterlagen bis 
zum 2. Juli 1984 an 
den Dekan der 
Fakultät für 
Theoretische 
Medizin der 
Universitat Ulm, 
Postfach 4066, 
D-7900 Uim 
{Donau), zu 
senden, (WI017)A 


Wissenschaftlich sollte er in molekularbio- 
logischer Forschung ausgewiesen sein; 
Beteiligung an einem zelibiologisch orien- 
- tierten SFB sowie an der Lehre in Biologie fiir 


Fortgeschrittene wird erwartet. 








WATFORD ROAD, HARROW 
MIDDX HA1 3UJ 





helpful but is not essential. 


‘THE UNIVERSITY 
OF SHEFFIELD 
DEPARTMENT OF 

PHYSICS 


I RESEARCH ASSOCIATE 
im f and 
©. 2PHYSICIST 
COGRAMMER IN HIGHER 
ENERGY PHYSICS 





Applications are invited from men 
and women for the above SERC 
funded posts, tenable for two years 
from | October 1984, with the possi- 
bility of a third year. 


-Post | concerns a photoproduction 
experiment using a tagged photon 
beam and Omega detector at CERN. 


> Post? invalves work in two areas: 
the on-line system for the ALEPH 
experiment associated with the LEP 
project at CERN and off-line 
analysis using the University’s Work- 
station. 


` A good honours degree in physics 
is required together with post- 
graduate experience in the experi- 
mental techniques of particle physics. 
Initgal salary £7,190 — £9,425 a year 
nge LA according to age, quali- 
ications and experience. 






<, Applications, including curri- 
culum vitae and the names of two 
referees, should be sent to Professor 
W Galbraith/Dr F Combley, Depart- 
ment of Physics, The University, 
Sheffield S10 2TN, by 15 June 1984. 
Quoteref: R957. —  @224)A 





M.R.C. CLINICAL RESEARCH CENTRE 
(NORTHWICK PARK HOSPITAL) 


POSTDOCTORAL FELLOW IN 
MOLECULAR IMMUNOLOGY 


plications are invited from science graduates for a 3-year 
postdoctoral position in the transplantation biology section to work 
with Dr A. Mellor on a project to clone and characterise human and 
mouse. genes which encode minor histocompatibility antigens. 


-< Candidates should have previous experience with recombinant DNA 
- techniques. A knowledge of immunological techniques would be 


Salary scales are related to those for University Non-Clinical 
- Academic Staff and salary on appointment will depend on age 
_ and experience. For an application form write to Miss J. Cottam, 
.. Personnel Section quoting reference 129/ 1/ 4517. Closing date 
>. forapplications, 22nd June 1984. 

























(2181)A 






| RECENT PhD BIOCHEMISTRY — 


Protein Chemistry/Enzymology. 
Experienced with many laboratory 
techniques such as immuno- 
chemistry, isoelectric focusing, etc., 
and instruments such as CD, NMR, 
fluorometry, ete. Seeks position as 
postdoctoral/research associate/ 


teaching. Available immediately. | % 
Reply to Box 42, Nature, 15 East 26th | 
Street, New York, New York 100100, | 


USA (NWS70)A 


UNIVERSITY 
OF ST ANDREWS 


DEPARTMENT OF 
ANATOMY & EXPERIMENTAL 
PATHOLOGY 
RESEARCH ASSISTANT 


Applications are invited from recent 
graduates for a post of Research 
Assistant required to assist in the 
production of monoclonal antibodies 
against malignant melanoma cells. 


Experience in membrane bio- | 


chemistry, cell culture or monoclonal 
antibody production would be 
advantageous. The appointment is 
funded by a grant from the NFCR 
and will be for one year in the first 


instance with the prospect of | 


renewal. 


Starting salary £6,310 per annum 
(under review) plus USS. 


Applications with full curriculum 
vitae and the names of two academic 
referees should be sent as soon as 
possible to Dr Clive W Evans, 
Department of Anatomy and Experi- 
mental Pathology, University of St 
Andrews, St Andrews, Fife KY16 
9TS, from whom further particulars 
may be obtained. (221A 











icrobiologi: 


Top salary + car 





t 


Burton upon Trent, Staffordshire 


Bass, Europe's largest brewing group, wish to appoint 
an experienced specialist who will be responsible to 
the Quality Control Director. He/she will provide a 
microbiological service to all Bass breweries and 
supervise activities of the Group QC laboratory. 


Duties will include supervision of the Bass Yeast 
Quality Assurance Policy, advice to breweries in 
respect of yeast propagation systems and yeast 
husbandry. Also assessment of new/improved 

microbieoaical techniques to meet specific QC 


yeasts and propagation systems are required to have 
a minimum qualification of B.Sc. Hons. 2(1) in 
Microbiology or a related discipline and have at least 
5 years post graduate experience in the brewing/ 
fermentation industries. Experience and enthusiasm 
for microbiological trouble shooting would be 


advantageous. 


Salary will be commensurate with age and 


experience. The Company operates a generous life 
assurance and pension scheme and provides 
comprehensive recreational facilities. 


Detailed application including c.v. and names of two 
referees, should be sent as soon as possible to:- 


HQ Staff Personnel Man 


| needs. 
| | Applicants with specialised knowledge of brewing _ 





i ager, Bass Public Limited 
Company, 137 High Street, Burton upon Trent DE141JZ 


c D S 


Public Limited Company 












THE UNIVERSITY 
OF LEEDS 


DEPARTMENT OF 
ANATOMY 


LECTURER 
Applications are invited for the 


above post available from 
1 September 1984. 


Qualifications in Medicine, Basic 


Medical Sciences or Biology and 


| research interests in Morphometry, 
| Human Evolution or Cell Biology are 


required. 

Salary on the academic scale for 
Lecturers (£7,190 — £14,125) (under 
review) according to age, qualifi- 
cations and experience. 

Informal enquiries may be made to 
Professor W J Moore (0532) 431751 


i ext 7547. | 


Application forms and further par- 
ticulars may be obtained from the 
Registrar, The University, Leeds LS2 
SIT, quoting reference no 82/8/D. 


Closing date for applications 22 June | 
1984. (21 88)A TEE Ae 








THE WELSH SCHOOL a 
OF PHARMACY | 


APPLIED BIOLOGY | 
RESEARCH ASSOCIATE 
(fixed term — 2 years) 
| supported by the National Kidney | 
Research Fund to work on the f- 
| regulation of intracellular protein | > 
degradation in kidney epithelial |. 
cell culture. Experience in tissue f 

culture is desirable. | 




















Salary: Within Range 1A] 
Research and Analogous Staff 
£7,190 — £8,080 per annum. 










Requests (quoting Ref B67) for | 
details and application form to | 
Staffing Office, UWIST, POJ - 
Box 68, Cardiff CF1 3XA. =} 











Closing date: 21 June 1984. fp- 















































The Agricultural S Science Service provides farmers 
and growers in England and Wales with technical 
information and advice on agricultural and horticultural to the post. 
matters and undertakes scientific investigational and 
development work. There are currently opportunities 
for analytical chemists at the Aberystwyth and Cardiff experience. 
laboratories. You will be involved in examining and 
analysing feedingstuffs, plant materials, soils and 
other agricultural materials, and assisting in the 
development of techniques and apparatus. 

< You should have a degree or equivalent in chemistry 
preferably with emphasis on analytical techniques. 
Consideration will be given to candidates possessing 


Agricultural Science Service 


AL CHEMISTS 


degrees or equivalent in other branches of chemistry 
provided they possess practical experience relevant 


- TARONGA ZOO, SYDNEY, AUSTRALIA 
Applications are invited for the position of 


AQUARIUM CURATOR 


F = To provide scientific management of a large, diverse aquatic collection. 
-And to participate in the design, construction and implementation of a 


F Duties: 


ew aquatic complex. 
ualifications: 


egree in Zoology or related field is essential. Extensive management 
perience in.a large aquarium or similar facility is preferred. 


onaitons of Sene 


alar 

oo - Available on application. 

| Apply to: Director, 
| TARONGA ZOO, 
P.O.Box20, 
Mosman, NSW 2088, 
-o Australia. 

-f Applications close 30 June 1984. 


POSTDOCTORAL POSITION 
available 1 July 1984 for a PhD 
trained in one of the following 
disciplines: biochemistry, micro- 
“biology, molecular biology, or bio- 


--¢hemical pharmacology. The fellow 


will pursue the cloning structure, and 
© regulation of the mammalian gene(s) 
-encoding DNA polymerase alpha. 
< Experience with immunologic tech- 
niques, ussue culture, and recom- 


binant DNA technology — including 


cDNA cloning of | low abundance 
mRNA — is preferred. Salary will be 


competitive and commensurate with |. 
“experience. Send curriculum vitae | 


= and three references to: Dr Neal C 










artment of Pharmacology, 
versity of Massachusetts Medical 
ol (UMMS), 55 Lake Avenue 





oe MMS is an Affirmative Action/ 
> Equal Opportunity. Employer. aS 
s AN WDA 


_ Brown, Professor and- Chairman, 


, Worcester, Mass 01605, 





UNVERSITY SCHOOL 
OF MEDICINE 
DEPARTMENT OF 

MEDICINE 
POSTDOCTORAL 
FELLOWSHIPS IN 

IMMUNOLOGY 


funded by an NIH traimng grant to 
the Interdepartmental immunology 
Program at Tufts University School 
of Medicine are available. Appoint- 
ments will be for one year with the 
possibility of an additional year. 
Research areas include immuno- 
biology, molecular biology of the 
immune response, immunogenetics, 
immunochemistry, cancer immuno- 
logy and clinical immunology with 
an emphasis on interdisciplinary 
work, 


Please submit a curriculum vitae, a 
brief summary of research interests 
and names of two references to Dr 
Lanny J Rosenwasser, Department 


of Medicine, Tufts University School 


woh oF Medicine, 171 Harrison Avenue, 
=F Box. Ti, Boston, Massachusetts 





A ANG ee Le 


RESEARCH F ELLO Wr 


Appointments as Scientific Officer £5680-£7765 
with starting salary according to qualifications and 


For further details and an application form (to be 
returned by 22 June 1984) write to Civil Service 
Commission, Aiencon Link, Basingstoke, Hants, 
RG21 1JB, or telephone Basingstoke (0256) 68551 
(answering service operates outside office hours). 
Please quote ref: $B/33/AL. 

The Civil Service is an equal opportunity employer 


Ministry of Agriculture, Fisheries and Food. 


eh MEDICAL COLLEGE 
- University of London) 


POSTDOCTORAL 








BONE & JOIN’ 
RESEARCH UNIT 


Applications are invited for the post — 
of Research Fellow to work on pro- 
duction and characterization of 

monoclonal autoantibodies in rheu- 
matoid arthritis by human- human. 
hybridisation. The project is funded 


for three years (one year.in the first 


instance) by a grant. from the 
Arthritis and Rheumatism Council. 


Applicants should have experience 
in tissue culture and immunological - 
techniques. Salary £7,190 — £8,080. 
(University of London Range TA): 
plus £1,186 London Weighting. 


Applications with cv and names of — 
two referees to Professor HLF 
Currey, ARC Bone and Joint: 
Research Unit, The London: 
Hospital Medical College, 25-29 
Ashfield Street, London El. 






Informal enquiries may be mad 
Dr J R Archer on 01-247 8939. 
(2152)A. oe 









L309 3 MAY 1984 


NIVERSITY OF OTAGO 
Dunedin, New Zealand 


ECTURERS IN ZOOLOGY 


plications are invited for two 
~ectureships in the Department of 
4 y. Persons appointed will be 
T d to contribute to general 
undergraduate courses in biology and 
zoology and to teach and conduct 
“research in specialist aspects of the 
subject. One post is in terrestrial 
vertebrate ecology and population 
biology, the other in experimental 
zoology and comparative physiology 
‘of invertebrates or lower chordates. 


Salary: Lecturer: 
NZ$21, 660-$25,684 per annum, plus 
NZ$8.00 per week cost- of-living 
allowance. 


. Further information, including 
imiethod of application, is available 
from the Secretary General, Associ- 
ation of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
‘WCIH OPF, or from the Registrar, 
University of Otago, PO Box 56, 
‘Dunedin, New Zealand. 













ications close on 31 July 1984. 
om (2204)A 


| UNIVERSITY 
OF ESSEX 


DEPARTMENT OF 
CHEMISTRY 


LECTURESHIP IN 
AEROSOL SCIENCE 


A pies grant by the UGC enables 
e University to develop signifi- 
ly its work in the field of aerosol 
ce and an appointment has been 
‘to a Readership in this field. 


Applications are now invited for a 
‘ond post, that of Lecturer (salary 
ale £7, 190 — £14,125), for a period 
ive years, with a possibility of 
newal, tenable from Ist October 
4 or as soon as possible thereafter. 
main duties of the post will be to 
take research and postgraduate 
ig in aerosol science and to 
ute to undergraduate teaching 
in this and related areas. Applica- 
tions are invited from candidates 
“with experience in aerosol science or 
with an appropriate background and 
wishing to develop their interests in 
aerosol science research. 


















Applications (ten copies), includ- 
ing a curriculum vitae and the names 
_and addresses of two referees, should 
reach the Registrar (AG/176/N), 
_ University of Essex, Wivenhoe Park, 
‘Colchester CO4 38Q, from whom 
further particulars may be obtained, 
an June 1984, (2156)A 


“MOLECULAR BIOLOGIST 
“position for research scientist/ 
assistant professor of medicine to 
-participate in ongoing projects and 
develop independent research using 
recombinant DNA technology. PhD 
“in. biochemistry, molecular biology, 
related area required. Post- 
‘al experience preferred. Send 
é, description of research 
; erests, and three letters of ref- 
rence by 15 June 1984 to: Dr Ron 
on 















UNIVERSITY OF 
ZIMBABWE 


Applications are invited for the 
following posts: 


LECTURESHIP/ 
SENIOR LECTURESHIP/ 
ASSOCIATE 
PROFESSORSHIP: 


DEPARTMENT OF GEOLOGY 


This post requires someone with an 
expert knowledge of metamorphic 
petrology, preferably withaPhD. An 
interest in economic geology would 
be an advantage, while experience in 
Electron-microprobe and/or 
analytical techniques are also 
desirable. The successful candidate 
will be required to teach meta- 
morphic petrology in the under- 


graduate BSc General courses; to 


teach, and supervise field projects, at 
BSc Sepcial Honours level; and to 
supervise higher degree students as 
necessary. He/She may be required 
to teach introductory courses in the 


BSc General degree, and service in 


other Faculties. 


LECTURESHIP/ 
SENIOR LECTURESHIP/ 
ASSOCIATE 
PROFESSORSHIP: 


DEPARTMENT OF BIOCHEMISTRY 
(FOOD CHEMISTRY/ 
BIOCHEMISTRY POST) 


Applicants should have a 
postgraduate degree, preferably a 
PhD in Food Science from a recog- 
nised university with teaching and 
research experience in a University 


Food Science programme The 


successful candidate will be expected 
to undertake teaching and research in 


Food Biochemistry and Food . 


Analysis and to supervise MSc 
Projects in liaison with industry. 


Salary scales: Lecturer: Z$10,440 x 
456-$16,368 x 504-$17,376. Senior 
Lecturer: Z$17,880 x 504-$20,400. 
Associate Professorship: Z$18,384 x 
504-$20,904. 


Appointment on above scales 
according to qualifications and 
experience. 


Conditions of service: 
permanent and short-term contracts 
are offered. Persons who are not 
Zimbabwean citizens may be 
appointed only on a short-term 
contract basis with an intial contract 
period of two years. Short-term 
contracts may, in exceptional cases, 
be extended. 


Application forms and further | 


particulars on the above posts can be 
obtained from the Director, 
Appointments and Personel, Univer- 
sity of Zimbabwe, PO Box MP 167, 
Mount Pleasant, Harare, Zimbabwe, 
or from the Secretary General, 
Association of Commonwealth 
Universities (Appts), 36 Gordon 


| Square, London WCIH OPF. 


a ean of Mistourta is | 
pportunity/Affirmative 


Closing date for receipt of 


| enka application. forms. is 13 
duly 1984, $ 


J{(2208)A. 


| of Yale Medical School and the 
| Department of Biology, Yale 


| guidelines. Send curriculum vitae to: 


| Haven, Conn 06510. Equal Oppor- 


Both | 










POSTDOCTORAL ASSOCIATE | 
position immediately available for 
recent PhD biochemist to participate 
in research program on control 
mechanisms: for cell growth. Focus 
on the molecular signals controlling 
transcription and translation of 
cardiac proteins. Expertise in nucleic 
acid and protein chemistry essential. 
Experience in purification and 
identification of peptides and cell 
free translation of mRNA important. 
This is a collaborative program 
between the Department of Surgery | 


SEMINARS and SYMPO: 












UNIVERSITY OF SURRE) 
DEPARTMENT OF MICROBIOLOG 
ONE DAY MEETING ON 

MYCOBACTERIAL > 
INFECTIONS oe 
Wednesday 6th June, 1984... 


Innate & Acquired Resistance == a 
Immunodiagnosis — immunisation. oe 
-= Control. TE 


Speakers: Dr J Stanford; DE G 
Rook, Dr L Poulter, Dr C-Brown, Dr 
J Brown, Dr J Colston. a 


Further details: D J angle © 


Microbiology, University of Surrey, 
Guildford, GU2SXH.  @119M 


















University. Salary will be above NIH 


Graeme L Hammond, MD, 
Department of Surgery, Yale 
Medical School, PO Box 3333, New 







tunity Employer. (NW562)A 


ANTIBODY BINDING SITES AND THEIR 
EXPLOITATION IN SUBCELLULAR STUDIES : 
Guildford, 3-6 September 1984 | 
Co-sponsor: U.S. Army Medical R & D Commar 
immunological ‘tools‘ will feature along with site-struct ji 
the 9th mtema lonal ar Methadolo y Forum, ture investi 
Surre Copan aa te l le et near London). Soka incude 0. JB 
M.J. debt ger dmundson, B.F. Erlanger, S. Hakomori, at 
| K.L. Knigh M nak N.A. Mitchison, M. Raff, A.D. Strosberg, M 


Waterfield nd V.P. Whittaker. To ics include ‘T-cell and neurona 
receptors, the cytoskeleton, and neoplasia. 


Contact Dr E. Reid, Guildford Academic Associates, 72 T 
Guildford GU2 SUL, U.K. (tel 0483. 65324; telex 859643 PASAY" hase 







































WORKSHOP 


WORKSHOP | 
ON be 

ABNORMAL CELLS, NEW PRODUCT 

AND RISK 
Co-sponsored by: 
FDA, NCI, NIAID, NHLBI, and CDC 
will be held on July 30-31, 1984 
at the NIH in Bethesda, MD, USA 


The meeting has been organized to review issues and data relating to. 
the use of abnormal cells in the production of drugs and biologic 
Particular attention will be focused on three areas: (1) residual cell 
DNA in products; (2) viruses endogenous to the cell substrate: 
residual cellular proteins in products. Discussions will follow 
presentation of data, and there will be an attempt to develop coi 
in each of the three areas during the afternoon of the second d 
Public Health Service Agencies co-sponsering this workshop believe. 
will assist them in making decisions on the support of research, th 
regulation of products, and the use of products derived from abnormal. s 
mammalian cells. The meeting is open to the public; however, § 
individuals planning to attend should send their name and addressto: E 
Mary Ann Tourault, Food and Drug Administration, 8800 Rockville: § 
Pike, Bethesda, MD 20205 so that additional information can be sentin $ - 
advance of the meeting. (NWS75)V 























STUDENTSHIPS | 


UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF PHYSICS 


DEVELOPMENT OF NOVEL LASERS AND INFRA- ez 
RED REMOTE SENSING 


Applications are invited for three CASE Research studentship K 
Experimental Laser Physics. The projects will be concerned \ 


development of tunable £ solid state lasers for the visible and n 2 Be ie 
ed stg og and with the generation of ultra-short pulses, (co-operating E 


arr and Stroud Ltd}, development of tunable waveguide CO, — 

eel ty (co-operating body Edinburgh Instruments Ltd.), and with infra- - 
red spectroscopy for remote sensing {co-operating body National 
Physical Laboratory). -i 
Potential candidates, who should have or expect to obtain. 

good Honours Degree in Physics, mnie: or Electronics. 
obtain further information from - caer : 
Professor B. He , Depa | : 
Saono Yde. John n Anders n 

= G40NG 8 








6 TH INTERNATIONAL SYMPOSIUM 


Vienna, Austria 


26 to 29 November, 198 
SCIENTIFIC PROGRAM’ 


26 November 1984 




















MOLECULAR BIOLOGY. L 

* Oncogenes 

« Biochemical mechanisms 
of carcinogenesis 

. Virus and cancer — 


TOBACCO | 
IMPLEMENTATION WORKSHOF 


+ Education 

+ Low tar cigarette | 
- Advertising (mass media) 
+ Taxation policy — 
« Agricultural alternatives 
+ Legislation = 


TOBACCO . 

« Behavioral changes 

+ Lung cancer 

* Oral cancer 

+ Other cancer 

. Ambient tobacco smoke 

« Combination carcinogenic © 
effect 


HOST FACTORS 

* Familial host factors 

« Genetic predisposition 
-+ Aging and cancer 

+» Hormones and cancer 

* Immune surveillance 

+ Psychosocial profiles 

and lifestyle 


areen e 


CLINICAL DETECTION 


* identification and surveillance of 
individuals at high risk exposure 
+ Identification of genetically 
susceptible individuals 
+ Biochemical markers of tumor 
diathesis and early cancer 
* Cellular markers of tumor 
diathesis and early cancer 
+ Mass screening 
+ Automation in screening projects: 
use of high tech 


PRECURSORS 

+ Prenatal and childhood exposure 
to carcinogenic factors 

+» Genetic predisposition 

+ Clues from experimental 
carcinogenesis for prevention 

+ Biology of precursor lesions 

+ identification of benign and 
potentially malignant lesions 

. Specificity of environmental 
factors on precursor lesions 





27 November. [984 


MOLECULAR BIOLOGY I 


« Chromosomes and cancer 
- Differentiation and cancer 
. Cytoskeletal alterations 
+ Cell kinetics and cancer 


IMMUNOPATHOLOGS 

* Cell membrane structure 
and function 

+ Antibodies in diagnosis and 
surveillance of cancer patients 

« Assessment of host immune 
response to tumors 

» T cell subsets 

« Tumor cell macrophage 
interactions 

>» Human hybridomas 


28 November, [984 


VIROLOGY 
* HTLV, leukemia and immunology 
« HSV Il and cervical cancer 


NUTRITION 
* Vitamins 
* Trace metals 


« Protein and calories . Papilloma virus and cervix 
. Fat + EBV and human malignancies 
« Fiber + Hepatitis 8 and liver cancer 
+ Food additives and 
contaminants 


* Childhood nutrition 
* Epidemiology: micronutrients 


STRATEGIES FOR PREVEN 
IMPLEMENTATION WORKS F 


- Government organization 
« Voluntary and community 











OP 


organization 

« Medical and professional 
organization 
~ individual habits and education 


S FRATEGIES FOR DE T F C j 10N c 
. Government organization 
* Voluntary and Community 
organization 
« Medical: modalities to accom- 
plish detection: cost benefit 
+ Individual: self-examination. 
self-questionnaire, motivation 
. Priorities for training 





~ TUMOR MARKERS 


* Biologic basis 
: Risk assessment 
« Early cancer detection . 
« Detection of metastasis 
and recurrence ~ 
. Clinical guidelines | 
+ Nuclear magnetic resonance 








-Suite 303 207 East 85th Street New York, N y. s 





29 November. 1984 


ENDOCRINE AND IDIOPATHIC CULTURAL PRACTICES 

CARCINOGENESIS - Origins and reasons 

+ Female genital tract * Difficulties of change 

» Breast cancer + Education in disease 

+ Hepatic metabolism of prevention: social impact 
steroids « Role of mass media 

° Thyroid cancer + Education in schoo! 


* Prostatic and > Legislation 
testicular cancer 


$ CME dast hours in Caisso i. 


ENVIRONMENTAL | 

INTERRELATIONS. ; 

IMPLEMENTATION W ORKSHOP Be 

* Lessons from 8 -naphthalene 

+ Asbestos 

+ Agrochemicals (including . 

agent orange example) - 

. Food stuffs (natural, artificial. 
Bracken fern, aflatoxins. - 

- Air pollution a ig 

* Radiation pollution 














International Society for Preventive Oncology 









SCIENTIFIC PROGRAM 


_ The program includes overview lec- 

- tures, panels, poster sessions, scien- 
tific exhibits and special workshops. 
Reports will be presented on 

recent progress in multifactorial 

< etiology of oncogenesis, molecular 

. an identification of rae -risk 
















: pidomilogit path Panes! 
socioeconomist, educator and mem- 
bers of the health: care team. 


IMPLEMENTATION WORKSHOPS 


Special workshops are designed for 
critical appraisal of current data. 

- Discussions will concentrate on 
actions to be taken and on the 
implementation of existing knowledge 
-_. for effective cancer control by primary 
- and secondary prevention. — 


PANELS ON CLINICAL ONCOLOGY 
OF SPECIFIC SITES 


2 : Daily panel topics include: 


<+ epidemiology 
<+ carcinogenic factors 
< -+ predisposing factors 
~+ precancerous conditions 
=.= Markers for risk assessment 
© detection and diagnosis by 
Cytology, endoscopy, radiology, 
= = imaging, enzymology, immunology, 
ultrasound, histology, and 
other modalities 
*management following detection 
-+ prognostic determinants 
<e prevention 


Co Sponsors 
The World Health Organization 
Austrian Cancer Society/ Austrian Cancer League 


Association of Clinical Scientists — USA 


FACULTY / PARTIAL LIST 


P BANNASCH 
JG BEKESI 
E BJELKE 


G BLAUDIN DE THE 


RR BRENTANI 
RD BULBROOK 


B CZERNOBILSKY 


F DEO 
G DHOM 
S ECKHARDT 
A ENGLUND 
MY FELDMAN 
B FISHER 
AL FRANK 
R GALLO 
SA GELLER 
RA GOOD 
NJ GRAY 
E GRUNDMANN 
C HEDINGER 
T HIRAYAMA 
P HOBBS 
JC HOLLAND 
JF HOLLAND 
JH HOLZNER ` 
H ICHIKAWA — 
Du JUSSAWALLA 
JV KLAVINS 
G KLEIN 
W KNAPP 
M KUNZE 
FP LI 
G MACHNIK 
F MITELMAN | 
V NAPALKOV | 
AM NEVILLE | 
HE NIEBURGS 
R ROEMER ~ 
J SCHLOM 
D SCHMAHL 
K STANLEY 


J STJERNSWARD 


P STRAX 
SUN TSUNG-TANG 
G TODARO 
VEO VALLI 
IB WEINSTEIN 
GL WIED 
EL WYNDER 
A ZUCKERMAN 
H ZURHAUSEN 





(FRG) 
(USA) 
(NORWAY) 
(FRANCE) 
(BRAZIL) 
(ENGLAND) 
(ISRAEL) 
(INDIA) 
(FRG) 
(HUNGARY) 
(SWEDEN) 
(ISRAEL) 
(USA) 
(USA) . 
(USA) 
(USA) 
(USA) 
{AUSTRALIA} 
(FRG) 
(SWITZERLAND) 
(JAPAN) 
(ENGLAND) 
(USA) 
(USA) 
(AUSTRIA) 
(JAPAN) 
(INDIA) 


- {USA) 


(SWEDEN) 
(AUSTRIA) 
(AUSTRIA) 
(USA) 
(DDR) 
(SWEDEN) 
(USSR) 
(ENGLAND) 
(USA) 
(USA) 
(USA) 
(FRG) 
(WHO) 


(WHO) 


(USA) 
(CHINA PR) 
(USA) 
(CANADA) 
(USA) 
(USA) 
(USA) 
(ENGLAND) 
(FRG) 


_ In Europe: (austria43-222) 52-0544 





ISPO CANCER CONTROL AWARDS 


ISPO is pleased to offer awards fo 
original research that may a to 
improved cancer control in: i 


* Tumor markers for risk assessment: 

* Risk factors and their controlin — 
developing countries: and 

* Tumor markers for detection of early j 
neoplasms, = 


Applications are available upon reque 


GENERAL INFORMATION AVAIL ABI 


* Award applications 

* Symposium brochure 7 

. Accompanying persons program 

°. Special airfares 

- Tours to Prague, Budapest. Salzburg. 

+ Opera, concert and seasonal 
celebrations 

. ISPO membership information | 


CALL FOR ABSTRACTS 


Abstracts are invited for poster ses- igo 
sions and podium presentations on 


program-related topics. Deadline for == =o 


receipt of abstracts: JULY 23. 1984. toe 


INQUIRIES BY MAIL: 


international Society for Preventive 
Oncology 

207 East 85th Street. Suite 303 

New York, NY 10028, USA 


INQUIRIES BY PHONE: . 
Toll-free in USA: 1-800-527-0297 
Outside Europe: 

(usa-214) 392-3663 




























FELL 





EMBO 
European Molecular Biology 
Organization 


LONG TERM FELLOWSHIPS IN 
MOLECULAR BIOLOGY 
AUTUMN 1984 AWARDS 

Next deadline: August 15, 1984 


EMBO long term post-doctoral fellowships are awarded to promote the 
development of molecular biology and allied research in Europe and 
israel. To be eligibile a candidate must hold a doctorate degree and the 
exchange must involve a laboratory in Western Europe or Israel. EMBO 
fellowships are not, however, awarded for exchanges between 
laboratories within any one country. Long term fellowships are 
awarded initially for one year, but depending on a review of progress, 
1. they be renewed for a second year. In cases of exceptional scientific 
| merit renewal for a third year is possible. The fellowship comprises a 
cf return travel allowance for the fellow and any dependents and a stipend 
‘f and dependents’ allowance. 

-$ Since the selection procedure may include an interview, candidates are 
“| requested to respect the deadline for complete applications which is 
[August 15, 1984. Successful candidates wil! be notified of their awards 
| immediately after the meeting of the selection committee, which is on 
`f October 29, 1984. 

>F Application forms and further details may be obtained from Dr 
F J. Tooze, Executive Secretary. European Molecular Biology 
Organization, Postfach 1022.40, 69 Heidelberg 1, F.R. pee 

(W1016)E 


















Clare Hall, Cambridge 


Research Fellowships in Physical and 


Biological Sciences 
| The Governing Body of Clare Hill proposes to elect two or more non- 
} stipendiary Research Fellows for a period of three years, starting not 
| earlier than October 1984, to work in mathematics, the physical or bio- 
- fogical sciences, or technology. There are no restrictions on age or sex. 

si he closing date for applications is 14th July 1984. 
Application forms may be obtained from Clare Haii, Herschel 

Road, Cambridge(Tel. Cambridge 63330). (2164E)E 





E : «  eaaguantemannemmmiviinntlatitstnttetti E LAAN COANE O NCCC LOA 


UNIVERSITY mian oaa har the condition. 
pplicants should have a working 
l OF APEEP | knowledge of diving techniques. || 
INSTITUTE OF ENVIRONMENTAL Statistical/epidemiological | 
AND OFFSHORE MEDICINE experience would be an advantage. 
POSTDOCTORAL Further details available from Dr T 
FELLOWSHIP Shields, Tel 0224 684432. 


Applications are invited from 
< suitably qualified graduates for a 
one-year appointment to the 
= Institute. The work will involve 
investigation into the incidence of 
-decompression sickness in com- 
~~ mercial divers following air-diving in 
the UK sector of the North Sea witha 
view to identifying factors which 


review) with appropriate placing. 


ticulars from The Secretary, The 
University, Aberdeen, with whom 


lodged by 30 June 1984, (2187)E 





Please mention 





: _ when replying to these advertisements 





OWSHIPS 










| on 16 July 1984. 


Salary on the Range IA scale for | 
Research and Analogous Staff, | 
£7,190 — £11,615 per annum (under | 


Application forms and further par- | 


applications (2 copies) should be | 
1 cology, neurology, psychiatry, 


iE ments of Anatomy, 


AITEAN EITAN 


THE DIA 

















_OBD. Tel: 01-3231531. 


arepane eyrar 


VICTORIA UNIVERSITY OF 
WELLINGTON 
New Zealand 
UGC POSTDOCTORAL 
FELLOWSHIPS 


Applications are invited from 
suitably qualified persons who are no 


| more than 35 years of age. Priority 


will be given to awards in current 


| growth research areas in science in 


this country, and applications are 


| invited in the following areas: Bio- 


chemistry, Botany, Chemistry, 
Computer Science, Geography, 
Geology, Geophysics, Mathematics, 
Operations Research/Statistics, 
Physics, Psychology, Zoology. 


Conditions of Appointment and — 
method of applications are available 
from the Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH 
OPF, or from the Administrative 
Assistant (Appointments), Victoria 
University of Wellington, Private 
Bag, Wellington, New Zealand, with 
whom applications definitely close 
(2207)E 


































nln 


“UNIVERSITY OF 
ROCHESTER 


NEUROBIOLOGY OF 
AGING TRAINING 


for M.D’s and Ph.D's. Several 
fellowships, supported by the 
National Institute on Aging, are 
now available for Ph.D‘s and 
post-residency M.D.’s who are 
interested in research training in 
the neurobiology of ageing. We | 
particularly encourage applicants | 
with diverse backgrounds who | 
wish to apply their past training to 
problems of the aging CNS. Such § 
backgrounds include molecular 
biology, biochemistry, pharma- 





medicine, gerontology, neural 
sciences, and others. The training 
program offers an intense 
research apprenticeship, brief cir- 
culation through a variety of lab- 
oratories, seminars, and clinical | 
correlations. Twenty potential 
preceptors are in the Depart- 
Brain 
Research, Medicine, Neurology, 
and Psychology. 

Apply to: Dr Paul D. Colemann, 
Department of Anatomy, f 
University of Rochester, f- 





















N.Y.14642. (NW550)E 


BETIC ASSOCIATION 
R.D. LAWRENCE RESEARCH FELLOWSHIPS 
The Association seeks applications from graduate scientists ¢ 

medically qualified persons working in the field of diabetes melli 
for the above Fellowships established in memory of Dr. 
Lawrence, the founder of the British Diabetic Association. 
The Fellowships are for two years and the salary will be paid at 
registrar or equivalent university scales. i 
The closing date for applications is 25th June 1984 and applicants 
must be available for interview on 4th July 1984. 
Forms available from: The Assistant Secretary. The British 
Diabetic Association, 10, Queen Anne Street, pongan. WIM 
2200) 








culum vitae including the ni 
| Department of Biochemi: 
oches | University of Nottingham Me 
Medical Center, Rochester, a A 















itus, 
RD. 



















POSTDOCTORAL FELLOWSHIP 

Research Associate to study. 
molecular cloning and genetic. 
engineering with animal tissues or 
plant cells. Send cv to Dr J P Thirion, 
Microbiology Department, Faculty 
of Medicine, Sherbrooke, P Que, 
Canada JiH §N4. (NWS63)E 



























ASSISTANTS HIPS 1N 


IMPERIAL COLLEGE | 

SCIENCE AND — 
TECHNOLOGY 
Biophysics Section 

DEPARTMENT OF 
PHYSICS 
RESEARCH 
ASSISTANTSHIPS 


CRYSTALLOGRAP 
Post-Doctoral Research Assistaf 
ships are available on a programn 
of research into protein structur 
X-ray crystallography. An in 
appointment can be made for up- 
three years, but further extens! 
likely. Two posts are availabl 
requires an experienced p 
erystallographer: the other 
suit a young PhD with a knowh 
crystallography. 7 


Apply as soon as possible to Prof D 
M Blow, RS, Blackett Laboratory, 
Imperial College, London SW7 2BZ, 
including a brief CV and the names of 
two referees. (2183)P 








UNIVERSITY - 

OF NOTTINGHAM 

DEPARTMENT OF . 
BIOCHEMISTRY 


POSTDOCTORAL i 
RESEARCH ASSISTANT 
Applications are invited for a 
Postdoctoral Research Assistantship 
to work on the isolation and 
reconstitution of brain D, dopamine 
receptors. The project is funded by 
MRC and is initially for one year 
(starting from October Ist, 1984), 
renewable for a further two 
The salary is on the 1A scale stë 
at £7,190 per annum. “ 


Applicants should send a< 












three referees to Dr P GS 


chool, _ 


Queen's. Medical | 
















CONFERENCES and COURSES 








NATO ADVANCED STUDY INSTITUTE 
Radiation Carcinogenesis 
and DNA Alterations 
Corfu, Greece 
October 7-20, 1984 


|| A series of lectures, tutorials and panel discussions will focus on 
|1 how radiation-induced DNA alterations might be involved in 
i} radiation carcinogenesis. Topics will include activation of 
{| oncogenes, mutational alterations, 
|| rearrangements and the possible role of DNA repair. 
| Carcinogenesis in animals and in vitro transformation will be 
discussed as well as model implications for quantitative human 
isk assessment. 


culty includes: Dr R.E., Albert, N.Y., U.S.A.; Dr A. Balmain, 
lasgow, U.K.; Dr G.W. Barendsen, Rijswijk, NL. Dr J. 
Broerse, Rijswijk, N.L.; Dr F.J. Burns, N.Y., U.S.A: Dr P. 
Cerutti, Lausanne, Switzerland: Dr K.H. Chadwick, 
Wageningen, U.K. Dr S.B. Field, London, U.K.: Dr E.M. 
Fielden, Harwell, U.K.; Dr A.H. Kellerer, Wurzburg, D.R.F.: Dr 
. Little, Boston, U.S.A.; Dr M. Paterson, Chalk River, 
sanada; Dr A. Rauth, Toronto, Canada; Dr G. Silini, Vienna, 
Austria; Dr iP. Sinclair, New Jersey, U.S.A.; Dr K.C. Smith, 
California, U.S.A.; and Dr A.C. Upton, N.Y., U.S.A. 

The course is open to scientists and postdoctoral workers in cell 
and molecular biology, radiation biology or biochemistry. 
ssistance to defray living costs, etc. will be available. 

‘or further information contact: Dr F.J. Burns, NYU 
epartment of Environmental Medicine, 550 First Ave., 
w York, N.Y. 10016. (NW564)C 
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UNIVERSITY OF GLASGOW 
Institute of Physiology 
RNIB RESEARCH 
STUDENTSHIP 







- UNIVERSITY OF 
— MSc Course in 
. Radiation Biophysics 
¿+ taught course occupies a 
giendar year with a 6 month formal 
omponent and a 6 month research 


project 



























ation in normal and amblyopic 
retinae re maturity of ganglion cell 
receptive field. Involves electron 
microscopy with scope for 





The course is interdisciplinary and run 
jointly by the Departments of 
Anatomy and Experimental Patho- 
log y and Physics. It is structured to 
accommodate those qualified either 
inthe physical sciences or the life 
sciences and caters for differing in- 
terests and career intentions of 
Students. it is suitable, for example, 
for those considering car 
fesearch with, and application and 
control of, radiation in science, in- 


full training given. Good Honours 
degree in Physiology, Anatomy or 
related subject required. Start Ist 


PhD degree. 





dustry, medicine and power produc-) | tg Dr J D Morrison, from whom 

tion, Research Council shales further particulars are available (tel 

fhe course is that previously provided 041 3398855 ext 552). (2169)C 
yoo the epartment a) 1 ical UNIVERSITY OF 

Biophysics at Dundee University. i l l 

Biot ries and applications to Dr EDINBURGH 

Ac. Riches, Department of| | DEPARTMENT OF METEOROLOGY 

Anatomy and Experimental NERC STUDENTSHIP 


University of St An- 


Pathology, 
ao Bt Andrews (2029)C 


Distribution of Rainfall Acidity in 


POINTMENTS WANTED 


tise your qualities and qualifi- 
ions through the most influential 
cience weekly in the world at a 
pecial reduced cost of 25p a word. 
onal Box Numbers £2). 

fervent mu 





1984, a first or upper second class 

honours degree in a physical science. 

or in environmental science. Further 

details can be obtained from Dr K J 

d (Appts. ELON. Department of Meteor- 
nak ology: 








chromosomal || 


| stability of tropical fish muscle 
Quantitative study of synapse form- 


COT pe OF | of two referees to:- Dr R G Bardsley, 
diversification. Excellent facilities: | 


October for 3 years: registration for | 


Applications, including 2 referees, | 


| Applications are invited for the 


Applications are invited for a | 
Research Studentship on ‘The | 
Meteorological Influences on the | 


the U.K.” This is a case oe | 
with the Institute of Terrestrial |. 9 ea | | 
Ecology, Edinburgh. Candidates | to hoid a first or upper second class 
should have or expect to obtain in| 


vo University of. Edinburgh; 


University « h Street, Nottingham NGI 4BU. J 


Closing date: 18 June 1984.(2155)F |- 









STUDENTSHIPS 






Portsmouth Polytechnic 
DEPARTMENT OF BIOLOGICAL SCIENCES 


1. Research assistantship 

Applications invited for a ROSCM funded post to investigate marine 
microbial fouling of ship. 
Salary scale: £4,515 — £5,649 per annum {under review) 


2. One SERC Studentship: 


a) Ultrastructural and immunological studies of developing stages of 
nematode parasites 

b) Microbial deterioration of timber 

c} An investigation of post germination attachment in some common 
marine fouling algae. 

Closing date for the above posts 18th June 1984. 


3. MSc Course in Biodeterioration of Materials be 
SERC Advanced Course studentships available for suitably qualified f 
students. — 
Application forms and further details for (1) from the Personnel _ 

Office, Nuffield Centre, St Michaels Road, Portsmouth. 
Tel: (0705) 825451. Ref: B Ra 












Further details for (2) and (3) from Administrative Assistant 
Department of Biological Sciences, Portsmouth Polytechnic 
King Henry 1 Street, Portsmouth. (2213)F | 
































THE UNIVERSITY OF - 









UNIVERSITY 
OF NOTTINGHAM LEEDS 
and DEPARTMENT OF PLANT 
TROPICAL DEVELOPMENT SCIENCES | 
RESEARCH INSTITUTE RESEARCH STUDENTSHI 
RESEARCH STUDENTSHIP | Applications are invited for 


Stability of tropical fish 
muscle proteins 


Applications are invited from those 
holding a first or second class 
honours degree in food science, 
chemistry, biochemistry or related 
discipline for a TDRI research 
studentship tenable in the Depart- 
ment of Applied Biochemistry and 
Food Science. The successful candi- 
date will be required to register for a 
higher degree of the University of 
Nottingham and will be engaged full- 
time on a programme designed to 
evaluate the factors affecting the 


in plant biology. The studen 
work in a group funded by IC 
study the growth and physiology 
winter barley and will be register 
on a higher degree on a full-tir 
err. oe 


Further details can be obtaine 
from Professor Elston, Department 
of Plant Sciences, The Universit 
Leeds LS2 9JT, (tel (0532) 431751 Ext 
377) to whom applications, with the 
names and addresses of two referees 
should be submitted as soon ; 
possible. (2160). 








proteins during processing. 
The scholarship is for 3 years. 


Applicants should forward a 
curriculum vitae including the names 






NUTRITIONAL 





Dept of Applied Biochemistry & Ake o 
Food Science, University of CONSULTATIVE PANEL 
| Nephi tie School 7 br cleo of the ce ee 
utton Bonington, Loughborough, TTR Daire Yeeciceteer 
Leics LE12 SRD. (Telephone UK Dairy Industry 
| Kegworth 2386) (2179)F is offering a 
| | POST GRADUATE 
TRENT POLYTECHNIC STUDENTSHIP ; 
DEPARTMENT OF for work, possibly leading to a higher = 
LIFE SCIENCES degree in a British University or | 
SERC CASE STUDENTSHIP | Research Institution on a Nutritional: 


subject related to: Milk and Milk ~- 
Products in the Human Diet... - 
Examples of subjects which the Panel 
has identified are: ae 
1) the role of calcium in cow’s milk ~ : 
2) the role of cow's in the weaning of - fe 
human infants. mee 


Other subjects will be considered. 
Salary will follow MRC guidelines. 
Apply in writing, maximum 500 | - 
words, before 22nd June 1984 to: The - 
Secretary, Nutritional Consultative. 
Panel, Giggs Hill Green, Thames 
_ Ditton, Surrey KT? OEL, including — 
proposed department where work 
and names and ad 
referees, © 


above studentship, The project, in 
collaboration with Bush Boake Allen 
Ltd, London, will investigate the use 
of microorganisms or enzymes 
extracted from them in the pro- 
duction of fragrances and flavours. 


Applicants should hold or expect 










honours degree in biochemistry, 
microbiology, biotechnology or 
related subjects. 


Further details and form of appli- 
cation are available from the Staff 
Officer, Trent Polytechnic, Burton 

















© UNIVERSITY OF BATH 
< DEPARTMENT OF BIOCHEMISTRY 


-Students who have or are expecting to 
~ obtain, an upper second class degree 
_are invited to apply for this 


SERC STUDENTSHIP 


` The topic of research is the Molecular 
` biology of dormancy in plants, The 
‘involvement of gene expression in the 
‘maintenance and breaking of 
dormancy will be studied. Purifi- 
“gation of some of the enzymes of 
carbohydrate metabolism and their 
-messenger RNA’s will be undertaken 
with the ultimate aim of inserting 
"CDNA copies into various plasmid 
„vectors. It is expected that this work 
-will give insight into the regulation 
and control of dormancy. 


-- Applications with a curriculum 
itae and the names of two referees 
-should be sent to Dr P P Rutherford, 
<: Biochemistry Department, 4 West 
~ University of Bath Bath BA2 7AY. 
aes (2197)F 





UNIVERSITY OF YORK 


a DEPARTMENT OF BIOLOGY 

<- Applications are invited for a post- 
graduate studentship leading to a 
=- DPhil to study either immunological 
mechanisms in chronic relapsing 
experimental allergic encephalomye- 
fits, an animal model for multiple 
-> selerosis or the effects of neurotropic 
virus infections on defined popu- 
-lations of central nervous system cells 
<; dn culture. Candidates must have (or 
expect to gain) a First or Upper 
>- Second class degree. The studentship 
~~ 4g funded by the Multiple Sclerosis 
Research Fund Ltd. on terms and 











< conditions similar to Research 


= Council studentships. For further 
= information contact Dr M G Rumsby 
< .or Dr A J Suckling in the Department 
¿cof Biology, University of York, 
-Heslington, York YOI SDD. 

aa (2221)F 





QUEEN MARY COLLEGE 
(University of London) 


School of Biological Sciences 


NERC RESEARCH 
STUDENTSHIPS 


; Two NERC Research Studentships 
“are available for postgraduate 
: research on the following topics: 


(1) Reproductive investment and 
transmission success in helminth life 
oo oeyeles; 

: (2) Trace metal detoxification in 
+- -erustaceans: separate or integrated 
=. systems? 


Topic (1) will be supervised by Dr R 


-C Tinsley; topic 2) by Dr P S 
Rainbow. 





Applications should be sent to the | 
é : ne, at | chemistry, Queen’s Medical Centre, 


+ further 


UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF GENETICS 
A POSTDOCTORAL/ 
RESEARCH ASSOCIATE 


vacancy exists for a scientist with 
experience of recombinant 
DNA/DNA sequencing. The work 
will be concerned with a study of 
host/virus nucelotide sequence 
homologies. The post is available 
from Ist July 1984, and is grant 
supported until 30th September 1985 
in the first instance. Salary according 
to age and experience on academic 
scale £6,310 to £11,615. 


Further particulars available. 
Applications with cv and names and 
addresses of two referees should be 
addressed to the Secretary’s Office, 
Old College, South Bridge, Edin- 
burgh. 


Please quote reference No. 5175. 
(2226)F 





THE UNIVERSITY 
OF LEEDS 


DEPARTMENT OF 
CARDIOVASCULAR STUDIES 


MRC STUDENTSHIP 


Applications are invited for an MRC 
studentship commencing on 
1 October 1984. The project is to 
investigate the convergence of 
cardiac and baroreceptor afferent 
fibres onto single neurones in the 
modulla oblongata. 


Applicants should possess or 
expect to obtain a first class or upper 
second class degree in Physiology ora 
related discipline. 


Applications, including the names 
of two academic referees, should be 
submitted to Dr P E McWilliam, 
Department of Cardiovascular 
Studies, University of Leeds, Leeds 
LS29JT. (2225)F 





UNIVERSITY 
OF NOTTINGHAM 
DEPARTMENT OF 
BIOCHEMISTRY 
SERC POSTGRADUATE 
STUDENTSHIP IN 
BACTERIAL MOLECULAR 
BIOLOGY 


Applications are invited for research | 


on the molecular biology of either 
(i) RNA polymerase (ii) the multi- 
valent vitamin B,, receptor, Or 
(iii) methionine bi 

Escherichia coli. 


The studentship will commence in 
October 1984; registration is initially 
for an M Phil. 


Applicants possessing a 2(i) or 
higher in an appropriate degree 
should send a curriculum vitae and 
the names of two referees to Dr 
Robert E Glass, Department of Bio- 


Nottingham NG7 2UH (Telephone: 


0602-700111 ext 3395) from whom 
information may be 


obtained é (2153)F 


STUDENTSHIPS 


osynthesis in | 






EAST MALLING 
RESEARCH STATION 


FRUITERERS 
STUDENTSHIP 


Applications are invited for a post- 
graduate studentship award by the 


Worshipful Company of Fruiterers | 


for research into factors which affect 
eating quality of apple fruits pro- 
duced by modern growing methods. 


Applicants should have, or expect | 


to obtain, a First or Upper Second 
class honours degree in botany, horti- 
culture or a related subject, and must 
be able to commence the three year 
studentship in August 1984 at the 
latest. 


Application form and further 
details from the Deputy Secretary, 
East Malling Research Station, 
Maidstone, Kent ME19 6BJ. 


Closing date for applications is 15 
June, 1984. (2185)F 





KING’S COLLEGE LONDON 
(University of London) 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for a SERC- 
CASE post-graduate studentship in 
association with Ciba-Geigy 
Pharmaceuticals Division, Horsham. 
The project will involve studies on the 
properties and regulation of 
phospholipase C in human blood 
platelets with especial reference to 
phosphoinositide metabolism. 


Applicants should have, or expect 
to obtain, a First or Upper Second 
Class Honours degree in Bio- 
chemistry or a relevant related disci- 
pline. 


Applications, including the names 
and addresses of two referees, should 
be sent to Professor M C Scrutton, 
Department of Biochemistry, King’s 
College London, Strand, London 


| WC2 2LS to arrive as soon as pos- 


sible, preferably before June 7 
1984. (2U71)F 





GEORGE HENRY LEWES 
STUDENTSHIP 


Applications are invited for this 
Studentship to pursue original 
investigation in Physiology. 


Appointment may be from | October | 
| 1984 for one year with a possibility of 


renewal for up to two further years. 
The award will provide an annual 
maintenance grant in line with the 
maintenance element of a Research 
Council research studentship; and 
the Trustees will pay University and 
College fees for the holder at the rates 
charged to science research students 
from the UK. 


Candidates should by 16 July 1984 | 
send (a) a statement of their quali- | 


fications and their need for pecuniary 
help, (b) the subject of their proposed 
research, and (c) the names and 
addresses of two referees, to Pro- 
fessor R D Keynes, Physiological 
Laboratory, Downing Street, Cam- 


_ bridge CB2 3EG, from whom further _ 


particulars may be obtained. 


Tyne NE4 6BE, tel Ne 


| ment of Physiology, tenabl 


| The successful candidate w 


| The study will involve assessing t 





CUNE | Lo 


REGIONAL 
NEUROLOGICAL CENTI 





Newcastle General Hosp 
DEPARTMENT OF 
SURGERY (NEUROSURGERY 
EXPERIMENTAL STROKE 
PhD Studentship ; 
(Junior Research Associate) __ 
Applications are invited from 
suitably qualified candidates (1 ordt 
in physiology or biochemistry) for. 
the above post, which is funded for 3 
years by an MRC Project Grant. = 


Mechanisms of loss of neuro- 





experience of a range of acute experi- 
mental techniques, and an 


| opportunity to develop appropriate. 


topographical biochemical methods. _ 


Further information may be 
obtained from Mr A J Strong; 
Regional Neurological Centr 
Newcastle General Hospi 
Westgate Road, Newcastie upon 
we rie 
738811, ext 647. Closing date f 
applications (to include cv and nam 
of 2referees) 18th Jupe. (2222 


























QUEEN ELIZABETH | 
COLLEGE i 
Kensington 

(University of London) 





DEPARTMENT OF PHYSIOLOG' 
PHD STUDENTSHIP 


Applications are invited i 
Research Studentship in th 


years commencing October 1 
with Dr G E Mann on the ho 
regulation of membrane tran 
the normal and diabetic pan 


influence of islet (insulin, glucagon 
and gastrointestinal hormones 01 
rapid amino acid uptake by thi 
exocrine epithelium. Bs 


The successful applicant would b 
expected to register for a highe 
Degree. Candidates should possess 
or expect to obtain, a First or Uppe 
Second Class Degree in Physiology 
Biochemistry or a related subject. ` 


The Department has excellen 
research facilities for the abov 
project and other closely relate: 
topics. Research and teaching will b 
strengthened by the merger of Quee 
Elizabeth College and Chelse 
College with King’s College Lon 


Applicants should apply i: 
including their curriculum vitagd@al 
the names of two referees Y 
Professor D L Yudilevich, ME 
Department of Physiology 
Elizabeth College, Unive 
London, Campden H 
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NOW DO COMPUTING 


*~ 





COLORIMETRY WITH 





YOUR ISCO UA"5 DETECTOR 


No more manual calculation of each 
concentration — this new accessory 
for your UA-5 absorbance detector 
will do it for you. 

The microprocessor-controlled 
Concentration Readout saves time 
and improves your accuracy. It 
converts sample absorbance to con- 
centration, then displays and prints 
it directly in any units you choose: 

Doe mi, g%, mol/f, Ib/gal ... 

7 \whatever. Use it with the UA-5 to 
automate such UV-VIS colorimetric 
assays as enzymes at 340 or 365 nm, 




















proteins or nucleic acids at 214 or 
254 nm, or heme proteins at 405 
nm. 

You can use the Concentration 
Readout to read solutions in spec- 
trophotometer-type cuvets; in a 
semi-automatic sipper system using 
the WIZ smartpump/dispenser to 
carry samples through a UA-5 flow 
cell; and in a fully automated 
system with the ISIS AutoSampler, 
WIZ and printer. In the automated 
system, you can print sample 
number and concentration of up to 
114 samples without operator in- 
tervention. 


The Concentration Readout is our 
latest accessory to keep the UA-5 
ahead of other detectors you could 
buy. A UA-5 has 18 available 
wavelengths from 214 to 660 nm 
and full-scale sensitivity ranges 
from 0.002 A to 2.0 A. You can 
choose from 14 flow cells for 
applications ranging from uLC (0.12 
ul volume!) and HPLC to large-scale 
prep work. Use it to scan electro- 
phoresed gels or centrifuged density 
gradients, monitor simultaneously 
two separate columns or one column 
at two wavelengths, and, of course, 
to read solution absorbance in 
lift-out cuvets. And now, with the 
Concentration Readout, the UA-5 
gives you those readings automati- 
cally and directly in the units you 
want. 

For more information 
about the UA-5 lab 
system, write ISCO, 
P.O. Box 5347, Lincoln, 
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Nebraska 68505, U.S.A. ISCO 





See us at Booths E5-9 at ASBC 


Circle No.23 on Reader Service Card. 


NHAc 


free from proteases 
free from exoglycosidases 
reliable supply 


ooklet “Endoglycosidases D + H, Properties ang 
please contact your local representative or- 








“So what makes it better than mine?” 


“Well Ive stopped colle cting fractions. 
aa  LJustcollect peaks.’ 


“Yes, it’s the only peak-sensing HPLC collector that does’ 

“So?” 

“So for preparative HPLC it’s perfect. It’s got a built-in slope 
detector that can tell the difference between peaks and non peaks’ 
“How about unresolved peaks?” 


“Them too, and it automatically compensates for drifting baselines, 
peak asymmetry and band broadening’ 


“Yeah, but will it really work with fast eluting peaks?” 


“Listen, this fraction collector’s so intelligent, it'll collect anything you want, 
any time, any place. So however sharp the peak is you'll always get it 
— right in the tube. And it’s got over 300 tubes to collect in’ i 


“OK, but will it work with my system?” 


“Of course it will—and you'll be able to 
program it with your own HPLC 
controller.” 


“Well, what’s it called?” 
“SuperRac: 

“And who makes it?” 

“LKB? 

“LKB? I think TIl give them a call? 










E 





You'll find more 
LKB fraction collectors — 
at work in laboratories 
throughout the f 
than any other. Aa i i 


Circle No.48 on Reader Service Card. 





BROMMA 


Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel. 08-98 00 40, telex 10492 
Main US sales office: LKB Instruments, Inc. 9319 Gaither Road, Gaithersburg, Maryland 20877. Tel. 301-963-3200, telex 909870 (dom.), 64634 (intern.) 
UK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, Surrey CR2 8YD, England. Tel. 01-657 8822, telex 264414 
Other sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhagen, Lucerne, Madras, Moscow, Munich, Paris, Rome, Turku, Vienna, Zoetermeer 
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Cc Cc * 


Recent developments in 
molecular biology, many of 
which have been described 
by their authors in Nature, 
are helping to clarify the 
causes of cancer. With each 
passing week, more and 
more people consider that a 
full understanding of cancer 
cannot be long delayed. 

But the implications for 
physicians and their patients 
are still entirely unclear. 


>< 


This is why NATURE has 
chosen to devote its third 
international conference to 
an occasion when 
researchers in the life 
sciences and clinicians can 
assess the importance of 
recent developments in 
molecular biology for the 
understanding and 
ultimately for the 
treatment of cancer. 


Organized and presented by 
NATURE, the international 
journal of science 


Perhaps the most important international con- 

ference you could attend in 1984. Devoted to 

the recent contributions of molecular biology 
to the understanding of malignant disease. 


For Research Scientists 
and Clinicians 


IN SEARCH OF UNDERSTANDING... 





SEPTEMBER 10, 11, 12, 1984 
BOSTON PARK PLAZA HOTEL 


Park Plaza at Arlington Street 
Boston, MA 02117 U.S.A. 


The conference program has been de- 
signed for two groups of people—re- 
searchers in the life sciences anxious 
to learn about and discuss the latest 
developments in the molecular biol- 
ogy of cancer, and physicians who 
consider that these developments 
may eventually affect their own work 
with patients. 


Participation in the conference will be 
restricted so as to provide opportunities 
for those participating to mix with and 
to question those responsible for the lat- 
est research. 


To this end, the leading scientists mak- 
ing formal presentations will also take 
part in two-hour round table discus- 
sions, providing an ample and unusual 
opportunity for participants to take 
part in detailed discussions and to make 
short presentations of their own. 


conference, register now and book your, 
rooms (also limited) at the Boston Par 
Plaza Hotel and Towers. 


To take part in this important and ‘oul 


TO REGISTER FOR THE CONFER- 
ENCE: Return the form appearing in 
this advertisement, with your check, or 
an authorized purchase order from 
your organization. 


EARLY REGISTRANTS SAVE $50: 
If your registration and payment is re- 
ceived by July 1, you may deduct $50 
from the regular full registration fee of 
$325. You pay only $275. 


THE SETTING: Boston Park Plaza 
Hotel and Towers, Boston located at 
Park Plaza and Arlington Street, just 
off the famous Boston Public Gardens 
and Common. 


ROOM RESERVATIONS: A large 
block of rooms has been set aside for 
attendees, but we do suggest that you 
reserve your accommodations early, to 
avoid disappointment. Rooms must be 
reserved directly with the Hotel, at 


x 17) 426-2000, or 800-225-2008, Te- 


~ tex: 710 321 1088. Be certain to men- 
tion your participation in the “Nature 
Conference”, to take advantage of 
these special lower rates: Singles: $70, 
80 & 85; Double: $85, 95 & 100. 


CONFERENCE DINNER: The Con- 
ference dinner will be held on Tuesday 
evening, September 1 1th, in the Impe- 
rial Ballroom. TO INSURE SEATING 
AT THE CONFERENCE DINNER, 
please include your dinner ticket re- 
quirements and payment of $25 per 
person with your Registration. 


POSTER SESSIONS: A limited space 
for posters will be made available. 
lease write to: Poster Sessions Editor, 
re Publishing Company, 15 E 26 

St., N.Y., NY 10010. 


T 


Please reserve my place at 


I wish to reserve 


ner in the names of: 


Name 
Co. /Institution 
Address 


City, State, Zip 


uan. ---------------- 


The Molecular Biology of CANCER 


Conference Registra- 
tion(s) in the names of: (Please print or type) 





and_________ Seats at the Tuesday Evening Din- 





Title 





RECRUITMENT CENTER: Private 
meeting rooms and staff will be pro- 
vided for recruitment executives and 
scientists to discuss employment oppor- 
tunities. Contact: Miss Gene Fein, Re- 
cruitment Services Manager, Nature 
Publishing Co., 15 E. 26 St., N.Y., NY 
10010, (212) 689-5900. 


— —— M 








Conference Program 
September 10-12, 1984 
| Boston Park Plaza Hotel 


| 


Daily Themes: 

_ DAY 1 - ONCOGENES, 

DAY 2 - THE CANCER CELL, 
|! DAY 3 - PROSPECTS/PROBLEMS. 








DAY 1 
MONDAY, 10 September 
Exhibition Viewing: 8:30am— 6:30pm 
Recruitment Center: 9:30am— 6:00pm 
ONCOGENES AND GROWTH 
FACTORS — WHAT THEY ARE 
AND WHAT THEY DO 
9:00— 9:15 
9:15—10:00 


Chairman 
Oncogenes 

R. Weinberg (MIT) 
Growth factors 

M. Sporn (NIH) 
HTLV R. Gallo (NIH) 
Clinician’s View 

S. Broder (NIH) 
Roundtables with 
morning speakers 
The Cancer Cell 
J. Cairns (Harvard) 


10:00— 10:45 


11:15— 12:00 
12:00— 12:30 


2:00— 4:00 


DAY 2 

TUESDAY, 11 September 

Exhibition Viewing: 8:30am— 6:30pm 
Recruitment Center: 8:30am— 6:00pm 
THE CANCER CELL — HEREDITARY 


CANCER, TUMOR PROMOTERS 
AND CARCINOGENESIS 
9:00— 9:15 Chairman 
9:15—10:00 Gene Regulation 
P. Leder (Harvard) 
10:00—10:45 Hereditary cancer 
R. White (Utah) 
11:15—12:00  Carcinogens and 
promoters 
I.B. Weinstein (Columbia) 
12:00—12:30  Clinician’s View 
F. Gilbert (Mt. Sinai) 
2:00— 4:00 Roundtables with 
morning speakers 
4:30— 5:30 NCI program 
DAY 3 


WEDNESDAY, 12 September 
Exhibition Viewing: 8:30am— 3:00pm 
Recruitment Center: 8:30am— 3:00pm 


PROSPECTS AND PROBLEMS— 
DRUG RESISTANCE, MONOCLONAL 
ANTIBODIES AND NEW DRUGS 
9:00— 9:15 Chairman 
9:15—10:00 Diagnostics and 
therapeutics 
G. Todaro (Oncogen) 
10:00— 10:45  Immunotoxins 
J. Uhr (Texas) 
11:15—12:00 Drug resistance 
A. Varshausky (MIT) 
12:00—12:30 = Clinician’s View 
J. Gutterman (Houston) 
2:00— 4:00 Roundtables with 
morning speakers 
4:00— 4:45 Prospects 
4:45 Closing remarks 
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TO REGISTER FOR THE CONFERENCE, mail this form with your payment. 
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Revivifying Europe’s 


The next European summit at Fontainebleau could be another dog-fight, spend time making 
speeches about European federation or — more prudently — find a middle course. 


EUROPE may not be mac ne few weeks ahead, but there is a 
danger that it could t 
ahead will be crucia 
European elections, 
presentatives to the Europe 
democratically and not simply nominated by their cronies. Then 
follows the next meeting of European political leaders at 
Fontainebleau, formally an occasion when the rest of Europe 








whole enterprise. First come the 
> second occasion on which re- 





might thank President Francois Mitterrand of France for having 


en an energetic president of the Community (which would be 


should be given a substantial rebate (say, £1,200 million) on the 
contributions it paid last year into the common budget, and the 
more general proposal that Europe, having made a bad job of 
creating a common market, should now go on to build a federal 
state. Between the ridiculous and the sublime, the serious 
opportunities at Fontainebleau are likely to be forgotten. 


= The survey of the condition of science in Belgium and the 
















ppears elsewhere in this issue points more 
he tasks that need to be attempted on a 
‘wo of Europe’s smallest states, in 
‘most prosperous, find themselves 
uggle to keep up with the times. As 
re being cut so as to escape inflation, 
with the new technology are daunting 
th lished institutions and ways of doing 
_ civil business may be damaged by too rapid a transition from the 
4, Past to an uncertain future. In one way or another, the whole of 
europe is similarly affected. 

The calculation in the early 1950s was that if the common 





market that is the core of the Treaty of Rome could be made to | 


function, the result would be an industrial propulation as large as 


any other in the world, prosperous and industrially creative. In _ 


the event, the common market has functioned, but only fitfully. 
In some respects, the arrangements have been an expensive joke 


(the butter mountain, the wine lake, and all that). Inothers(asata — 


host of national customs posts, which innocents may think should 


long since have disappeared), chauvinism has triumphed over | 


legality. Public purchasing is still largely determined by public 


~, authorities, usually governments, in what seems to be the national 


interest. The result is that Europe is far from being the productive 
place the founding fathers foresaw. Those meeting at 
Fontainebleau should spend at least some time reminding 
themselves that their dream has not come true. 


Chauvinism 

Where they go from there depends on their estimate of what has 
gone wrong. To the extent that chauvinism is still an impediment 
to the efficient division of labour, it must be supposed that not all 
gof the members of the common market have been serious all of the 
me. Nor are they now. The British Government is not the only 
olitical party whose representatives will be fighting next week’s 
election on a platform which promises that national interests, 
general or particular, will be fiercely defended at Brussels. Even if 
these promises are not always kept in full, it is disappointing that 
they should be though necessary at all. The threatened fight at 


And certainly the month that lies 


pean Parliament have been chosen 


true) but in practice more likely to be dominated by two quite | 


i . must be transnational to attract support. But the Commission 
different themes — the British Government’s demand that it | 


put the cart before the horse. If the division of labour wer 


' Mitterrand’s visitors at Fontainebleau should not make fun of- 





Fontainebleau over the British rebate could yet become the signal 
for the disintegration of the whole experiment. | 

The remedy, now as at the past two European summits (at < 
Athens and Versailles) is that the participants should be patient, oo 
reckoning that their goal is a moving target, and that they should © 
find other things to talk about than the issues on which they are 
most sharply divided. Here is a shopping list: ae eee 
® Europe is alarmed at its technical inadequacies, for whi 
reason the European Commission has been putting to 
programmes for collaborative research and developmen 














economical (as one day it may be), industrial companies would - 
shoulder responsibility for applied research, but Europe in — 
general would have an important role to play in the support of 
more fundamental work, just as national governments now have. 
So why not begin in this neck of the woods, but slowly, 
recognizing that it will take time to weld Europe’s academicand . 
research community into a single entity, preserving its diversity 
the while? oe 
® Europe is concerned that an efficient division of labour would - 
leave some member states more prosperous than others in ways 
that would not automatically be offset by the migration of labour 
(formally made free under the existing rules, but inhibited by 
language and inertia). This fear is the seat of many of the 
restraints on the working of the common market now widel 
practised. But why not then follow the simple course, foll 
nationally in most of Europe, of arranging that the: 
disadvantaged are somehow compensated from the well-bei n 
others? The European social fund now administered fro 
Brussels is too small to be significant and too discretionary t 
seem fair. E t 
© Europe is by fits and starts scared stiff that it will once agail 
become a battlefield, a danger made all the sharper by its. 
knowledge that it is neither prosperous nor determined enoughto o 
defend itself. There can be no quick solution. The lack ofo 
resources is a more pressing restraint than the lack of will, while o=o 
the problems of approaching the notion of a common defence: ce 
would reawaken the arguments that made the 1950s wretched. _ = 
But if the European Communities are to survive and to f wfiltheir o 
promise, a start has to be made somewhere. Encouraging 
Europeans to join each others’ armed services would be an 
interesting point, not much canvassed hitherto. 

None of this quite lives up to President Mitterrand’s eloquent | . 
espousal, in Strasbourg the other day, of the European =o 
Parliament’s plan for a federal Europe, but that is inevitable, The.” 
mood has changed a great deal since the day in 1940 when thethen — 
British Prime Minister, Winston Churchill, flew to France to. 
propose a political union of the two states. (The of fer, hastily ~ 
conceived, was turned down.) Curiously, life is altogether more |. 
serious now that it does not seem that it is about to be snuffed out. — 
But as in any polite society, it is important that President 


















him for his enthusiasm or, worse, suppose that he was not serious 


(which in some sense may nevertheless be true). The British 


among Europeans are notoriously given to the practice of a 


maddening pragmatism, and are at risk of forgetting that if 











eee, 


President Mitterrand were only half serious, he may nevertheless 
have hit on a way that will appeal to others of circumventing 
present impediments in Europe. The best hope at Fontainebleau is 
that both the British and their detractors will find some way of 
bridging the gap between short and long-term interests. The best 
field in which to look for a bridging formula is that for wringing 
from Europe’s academic and research institutions the promise of 


which they are richly capable. CI 
ae naTnneanEnTTTnTTnnnn TTT eames 


One treaty to sign 
One or other of the nuclear powers should urge 
that the threshold test-ban treaty be ratified. 


ON the face of things, there seems no prospect of an early 
improvement in relations between the Soviet Union and the West. 
Even the proposal that the president of the US National Academy 
of Sciences, Dr Frank Press, should go to Moscow to try out some 
unspecified plans for further collaboration has been put off by ac- 
cumulating doubts about the welfare of the Sakharovs (see 
p.485). This week’s economic summit in London, which has 
brought together many of those who might have been able to in- 
fluence events, was constructed around a different agenda (anda 
pretty empty one at that). Next will come the Northern 


<.. Hemisphere’s vacations and then the presidential election cam- 


paign in the United States, into which President Reagan will 
plunge without the once-hoped-for deal with the Soviet Union on 
some form of arms control. On present form, it will bea full year 
before anybody who matters will be in a frame of mind to take 
constructive steps. 

Here, then, is a simple recipe for action now, not sometime in 
the future: dust off the Threshold Test-Ban Treaty and see that it 
is ratified by the United States and the Soviet Union. The treaty 
has been signed for the past decade, since when both the major 
nuclear powers have publicly insisted that they have kept to the 
letter of the treaty, which forbids the testing of weapons yielding 
more than the equivalent of 150,000 tons of conventional ex- 
plosive. (Because of the earlier partial test-ban treaty, such tests 
must of course be underground.) While there have been com- 
plaints in the past few years, especially from the United States, 
that the treaty has been violated, the seismic evidence on this point 
is inconclusive or, more accurately, is consistent with the view that 
both the major powers have kept their unratified bargain with 
each other and the rest of us. 

So why bother to ratify the treaty, in the process running the 
risk of a refusal by the US Congress? There are several practical 
reasons, not the least of which is that the full text of the treaty in- 
cludes provisions for the exchange of seismic data about the 
neighbourhood of known testing sites that make the remote 
monitoring of other people’s nuclear explosions less ambiguous, 
perhaps much more precise. It seems strange that neither of the 
major powers has sought to reap these benefits — or to shame the 
other by provoking a public declaration of unwillingness to ratify 
an otherwise agreed document. That, however, is only one of a 
long list of reasons why reasonable powers should legally endorse 
a reasonable document. 

The threshold treaty may be a pale shadow of, say, an agree- 
ment on European missiles or a further instalment of the strategic 
arms agreements, but it has been negotiated and the others have 
not. And while it may not obviously be the ‘‘substantial’’ step 
towards strategic arms control required of the nuclear powers by 
the non-proliferation treaty, it is much more than the nothing 
that, on present form, the nuclear powers will have to report to 


next year’s review conference of that treaty. Finally, the threshold 


treaty offers obvious scope for extension — reductions of the 
__ threshold, remote but on-site inspection — that could help to pro- 
vide later and more ambitious agreements. It should not have 


~ escaped the US Administration’s notice that a ratified agreement 


would also give the president something to boast about in 
November. The trouble is that there is very little time to act, with 
- the party conventions in the United States only weeks away. That 
is another argument for moving quickly. 1 
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Shoestring research 
The problems of British research are epitomized 


by this week’s closure of a laboratory. : 
WHILE nobody is conspicuously to blame that one of the best- 
known British laboratories in the neurosciences is to be closed (see 
p.486), the affair should give pause to those responsible for the 
management of research in countries such as Britiain, but in 
Britain in particular. And while the Medical Research Council 
(MRC) is on this occasion lucklessly responsible, there is every 
reason to expect the laboratories under the wings of other 
organizations will similarly find themselves in trouble when the 
time comes to replace a director who has decided (for good 
personal reasons) to quit. What has happened is a depressing 
symptom of what is wrong with the condition of British science. 

The MRC Neurochemical Pharmacology Unit has its origins in 
the council’s general policy, going back to before the Second 
World War, that research can be powerfully stimulated in 
important fields by providing a scientist of distinction with a good 
laboratory and a team of close colleagues with whom he can 
expect to work for decades to come. Of necessity, these units are 
small and also impermanent,/If the good scientist should die, 
retire or simply quit, the case for the perpetuation of the unit may 





disappear at the same time. Ironically, the Cambridge unit partly aa 


owes its existence to the disappointment caused twenty years ago _ 
by the departure for the United States of the then newly appointed — 
head of a similar initiative at the University of Birmingham. On 
this occasion, the council seems sensibly to have decided that the 
work of its unit at Cambridge was important enough to justify the 
search for a successor to the departed director. The outcome, by 
all accounts, has been disappointing. Part of the trouble seems to 
have been the search committee’s confusion about its objectives. 
Should it seek a more or less classical pharmacologist? An up-to- 
date neuroanatomist? Or a molecular biologist? The difficulties 
seem to have been aggravated by some candidates’ agony in 
making up their minds and by other people’s choosiness about 
candidates with whom they would or would not work. In the 
event, the mere passage of time seems to have put paid to the hope 
that the unit could be kept alive. 

Recriminations will now abound, but are inappropriate. To 
spend more than two years looking for a suitable person and then 
to fail to find one may betoken indecisiveness but is more vividl z 
proof that Britain, even Cambridge, is no longer a kind of mece 


for professional people from elsewhere. Those who think o 


otherwise might reflect on the recent fall in the value of the pound 
sterling (at or below $1.40), but there are more serious difficulties. 
A unit of a dozen or so people may be able to make an important 
mark in some chosen field if it has been welded together by some 
centralinstigator, but is otherwise probably too small to be able to 
hold its own against the competition. An attempt to create in 
Britain a unit on a scale that would be capable of holding its own 
in the exciting but competitive game of telling which genes do 
what in neurones would be doomed to failure now that speed in 
working out the nucleotide sequence of a gene has apparently 
became crucial. The particular lesson for MRC is a further 
narrowing of the scope for setting up research units on the now- 
familiar pattern. And just as the Science and Engineering 
Research Council is being forced by circumstances to reconsider 
its role in the support of high-energy physics, so MRC may soon 
find that some fields of once-cheap research are beyond its means. 

The other lesson, for British research managers of all kinds, is 
the importance of flexibility. Historically, MRC’s units have been 
successful because it has been possible to found them quickly in. 
emerging fields of interest, and without uprooting people in the 
process. There will no doubt continue to be scope for entre, 
preneurship of that kind. But if competitiveness is important, 
there can be no preordained pattern or scale for the operation of 
such units. Those which succeed must be encouraged to grow, 
even in directions not foreseen. Others, less successful than the 
Cambridge laboratory, must be allowed to lapse. Doing nothing is 
the worst policy. 2 aa E 
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US genetic regulations 






o go ahead 


Washington 
Two weeks after a federal judge halted Dr 
Steven Lindow’s planned field trial of 
recombinant ice-nucleating bacteria (see 
Nature 24 May, p.296), the Recombinant 
DNA Advisory Committee (RAC) of the 
US National Institutes of Health (NIH) 
approved a virtually identical proposal 
from Advanced Genetic Sciences Inc. 
(AGS), at its meeting on 1 June. 
The Lindow experiment was blocked by 
Judge John Sirica in response to a motion 
- for a preliminary injunction filed by anti- 
genetic-engineering activist Jeremy Rifkin. 
. The judge’s ruling also barred RAC from 
approving any other experiments involving 
release of recombinant organisms to the 
environment untila full hearing can be held 
on Rifkin’s claim that RAC must prepare 
an environmental impact statement before 
_ proceeding in this area. According to NIH 
=. officials, preparation of such a statement 
-= would require at least a year. (On 25 May, 
the Court of Appeals in Washington 
upheld Sirica’s preliminary injunction 
against the Lindow experiment.) 
o Strica’s: decisi on specifically exempted 
commercial pre osals; however, which are 
| i any case legally bound by RAC 
< decisions, although companies have been 
-submitting proposals to RAC for review in 
-. keeping with the standard practice of vol- 
untary compliance with the RAC 
guidelines. 
At last Friday’s meeting, Rifkin asked 
e committee not to establish a “double 
andard’’ that would. give private 
companies an unfair advantage over 
federally-supported research, which is 
legally bound by RAC decisions. Robert 
Mitchell, chairman of the. committee, 
responded tha had ruled that RAC 
would contin consider commercial 
proposals, no at they were specific- 
ally exemptes court’s decisions, 
which in any applied only to NIH 
administration, r * RAC itself, which 
is legally an advisory body to NIH. 

¿RAC took noticeably greater care this 
time to spell out its reasons for believing 
that the ice-nucleating experiments do not 
pose a risk to the environment. Dr Anne 
Vidaver, a plant pathologist from the Uni- 
versity of Nebraska and a consultant on 
both the Lindow and the AGS proposals, 
noted that the modified bacteria to be used 
jn the trials — so-called INA-, for ice- 
nucleating activity minus — already exists 
1 nature along with the INA +. The INA- 
are lacking a gene responsible for the ice- 
nucleating protein, a protein believed to 
mediate frost damage to plants at temper- 
atures a few degrees below freezing. 
Vidaver said that in natural populations of 
























NEWS 


Bacterial field trial 


the bacteria (a variety of Pseudomonas 


syringae) as much as 80 per cent may be 
INA-. She said that apparently the only - 
| reason for using recombinant DNA tech- 


niques for producing the INA-~, rather than 
simply culturing naturally-occurring ones, 
is that natural organisms are not patent- 
able. 


Vidaver recommended several modi- | 


fications in the AGS proposal: an increase 


in the frequency of monitoring of the field | 


plot, the withholding of approval of 
continuing experiments involving other, 
unspecified varieties of INA- P. syringae 
and a limit of the tests initially to one 


growing season, rather than the three | 


requested. If preliminary data show no 
problems, she said, approval for additional 
tests should be given at that time. 


Telecommunications 





details on specific cultivars, a 
(including documentation that the vectors = 


| Alison O’Brien of the Uniformed Services 





At its | June meeting, thecommitteealso 
approved a proposal from Cetus Madison _ 
for testing an undisclosed plant variety (the 
decision was made at a closed session of the = 
committee) and adopted a set of “pointsto > 
consider” for researchers preparing future = => 
proposals for plant field trials. The com- 





mittee noted that past submissions have. ie 
often been complete, necessitating their 9 - 


return for additional information. The list. 
of points calls for proposals to include. =- 
vectors > 


will not acquire pathogenic potential), data 
from greenhouse studies and monitoring 


procedures. 


The committee also approved lowering 


containment of a previously approved 


toxin-cloning experiment from P4 to P3, or ee a 
to P2 if the clones prove to be of low. 
toxicity. The proposal, submitted by Dr 5 


University of the Health Sciences, a partof - 
the Department of Defense, involves - 
cloning a shigella-like toxin in Æ. coli. The 
aim is the development of a vaccineagainst 
dysentery. - Stephen pede 





Luxembourg goes for cal le 


Tiny Luxembourg has thrown a spanner 
into the comfortable world of European 
telecommunications. In particular, 
Luxembourg has deeply offended the 
government of France by announcing that 
it plans to license a commercial consortium 
to launch communications satellites 
capable of delivering television broadcasts 
to cable networks throughout Europe. 

Among European governments, France 
is the most deeply offended because France 
has been relying on Radio-Tele-Luxem- 
bourg, the commercial radio and television 
company based in Luxembourg, to pay 
towards the cost of the direct broadcasting 
satellites which France plans to launch in 
the next few years. Although Luxembourg, 
like other members of the International 
Telecommunications Union, has been 
allotted space in geosynchronous orbit for 
satellites capable of broadcasting signals 
powerful enough to reach individual 
receivers, the Grand Duchy appears for the 
present not to plan to take up this option. 

Instead, the government of Luxembourg 
is planning to license the Société 
Luxembourgeoise des Satellites (SLS) to 
launch less powerful telecommunications 
satellites. The company, whose chairman is 
Mr Corneille Bruck, the president of the 
State savings bank of Luxembourg, will 
eventually operate under the name of 
Coronet. 

For Luxembourg, which relies on Radio- 
Tele-Luxembourg for a substantial 
fraction of its revenue, the development is 
something of a surprise. While some 
observers consider that the move spells an 
end to the cosy relationship, some say 
identity, between the government and 












Radio-Tele-Luxembourg, others. con re 
that the government may simply be i 
ing against the chance that direct b O 
casting satellites will be unprofi table; : 
French uneasiness about the new p 
seems to centre on the threat it poses 
commercial viability of the Frenc 
broadcasting satellites. There is als 
uneasiness within the European ; 
communications Satellite Organizatio. 
(EUTELSAT), the European equivalen 
of INTELSAT. A meeting of the 
organization, on which national telecom- 
munications authorities, mostly | 





_hationalized, are represented, held in Paris = 


towards the end of May, shrank from con- atk 
demning Luxembourg for a divisive move =+ 
and instead urged on all its. members The es 
need not to take part in competitive inter- wae 
national telecommunications services, ~ 
Luxembourg | insists that the plan for 
Coronet, aimed at delivering broadcast 
signals only to the operators of cable net- 
works, escapes that criticism and so should 

be free from constraint. 

However this may be, the row between 
Luxembourg and its larger neighbours has 
vividly drawn attention to three points. 

First, Luxembourg is determined to remain 
a principal exporter of broadcast signals 
even in the new technological age. Second, 
national susceptibilities as to who- should _ 
be free to broadcast to whom are as fierce 
as they have ever been. Third, the com- 
mercial future of direct broadcasting satel- 
lites, capable of reaching individual 
homes, seems to be clouded by Coronet’s 
demonstration that low-powered satellites 
coupled to cable systems can be built 


dain 


quickly and cheaply. rm 











Soviet jurisprudence 


— NEWS ———— 


Nature letter heading for trial 


New York 
A LETTER from ten Moscow scientists 
published on Nature’s correspondence 
pages in December 1981 (294, 688; 1981) 
may be cited as nominal! defendant in a pro- 
secution under Article 190/1 of the Russian 
Republic’s criminal code, according to a 
recent Western visitor to Moscow. During 
the past two years, the signatories remain- 
ing in the Soviet Union (two have been 
allowed to emigrate) have on several occa- 
sions been called into the procurator’s of- 
fices as ‘‘witnesses’’ against the letter. For- 
mally the case is still pending — but the 
visitor met separately two of the signatories 
and members of their families all of whom 
said that pressure was mounting and they 
feared that formal proceedings might start 
soon, The plight of one signatory, Dr IS. 
Irlin, is referred to in Correspondence 
(p.490). | 

The letter drew attention to the signa- 
tories’ ‘“‘hard and humiliating” plight since 
they had filed applications to emigrate to 
Israel. “Almost all of us have lost our 
jobs’’, they wrote, ‘‘and we are denied any 
possibility of continuing with our scientific 
research. The doors of scientific institu- 
tions, laboratories, seminars, conferences 
and symposia, editorial offices and pub- 
lishing houses are shut in our faces. We are 
being deprived of our scientific degrees. . . 
We have in fact been thrown out of society, 
but at the same time are not allowed to 
leave the Soviet Union.” 


The envelope must be — 
+o Siberia, te Wwe demand 
death ‘oe i ane 


One of several lines adopted by the 
Soviet interrogators was the legal fiction 
‘that the letter might be a forgery. They ac- 
cordingly. demanded that the signatories 
give evidence on this point. So far, it ap- 
pears that all have refused either to confirm 
or deny the authenticity of their signatures. 

The rationale behind the odd piece of 
jurisprudence of accusing the letter itself 

-and not the signatories is simple — in 
Soviet law, accused persons have the right 


=L to stay mute, but witnesses have no such 


privileges. Already on at. least one occa- 


sion, the ploy of. “prosecuting” a docu- 


ment has been used. Dr Viktor Brailovskii, 
the mathematician who for many years 





hosted the unofficial Sunday seminars for 
refusniks and who has just completed a 
term of Siberian exile under Article 190/1, 
was Originally called as a witness against the 
samizdat journal Jews in the USSR, which 
he edited. During the case new charges 
were framed against him, and he ended up 
first in the dock and then in Siberia. 

The same ploy may therefore be expect- 
ed against one or more of the eight remain- 
ing signatories (L.A. Dikii, M.L Freidlin, 
LS. Irlin, A.L. Vasilevsky, M.I. Reitman, 
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S.A. Katz, Ya V. Medvedkov and V.N. 
Soyfer). The prosecution is clearly keen to 
get its evidence. The wife of one of the sig- 
natories has reported that she has been 


repeatedly approached by a ‘“‘friendl 
KGB man who urged her that it would be 
“best” for her husband to testify. 

Events seem to follow closely on the trial 
of Brailovskii. The letter in Nature and the 
accompanying leading article are well 
known in the Soviet Union. In the circum- 
stances, it seems strange that news of a 
possible case touching on editorial policy 
should reach the editor only through the 
unofficial channel of a returning academic 
visitor. Vera Rich 





Soviet Jewry 


Refusnik flow slows to trickle 


Jerusalem 

Dr Yoram Dinstein, rector of Tel Aviv 
University, last week announced a new 
endowment fund to establish university 
posts for Jewish scientists emigrating from 
the Soviet Union. The timing was some- 
what inauspicious. Israeli universities are 
so short of funds that six months ago it was 
feared that the entire higher education 
system might have to close down 
altogether. Even now, no vacant posts can 
be filled, and all non-tenured academics 
are under threat of redundancy. Positive 
discrimination in favour of new arrivals 
from the Soviet Union could be a major 
cause of friction. 

The endowment fund has been set up by 
Mr Fabian Kolker of Baltimore, Maryland, 
a governor of the university, as part of his 
overall strategy to halt the problem of the 
nashrim — Soviet Jews who emigrate ona 
visa for Israel but who then settle 
elsewhere, usually in the United States. But 
the rules of the fund allow the annual 
interest to be used to help Israeli scientists 
seeking academic posts should there be no 
suitable new immigrants from the Soviet 
Union, 

Although Jewish emigration from the 
Soviet Union is now down to around 50 a 
month (from a regular 3,500 a month in the 
early 1970s and a freak 4,500 a month in 
1979), the fund has already been used to 
create a post for one recent arrival, Dr 
Grigorii Freiman, a mathematician. But 
under present circumstances it may be 
some time before another Soviet candidate 
arrives. 

The clampdown on emigration has 
focused attention once again on the esti- 
mated 300 Soviet Jewish scientists who 
have already filed visa applications but 
who have been refused permission to leave. 
Deprived of their scientific posts, ‘‘over- 
qualified’’ and therefore unemployable in 
other jobs, refusniks are now liable under 
new Soviet legislation to arrest for “‘para- 
sitism’’ if they are without visible means of 
support for more than two months. 

Since 1964, refusniks have sought to 
keep up their scientific work through 


unofficial seminars and even international 
conferences, the first of which was totally 
frustrated — the Soviet would-be partic? 
pants were temporarily deported from 


Moscow and invited foreign participants ~~ 


denied visas. Last week, an anniversary 
conference was held at Tel Aviv University 
(also on the initiative of Mr Kolker), with 
scientific papers presented by, among 
others, Professor B. Pippard, Professor E. 
Segre, Professor P. Kessler, Professor H. 
Markovich and the Israeli Minister of 
Science, Professor Yuval Ne'eman. 
Former refusniks taking part included Pro- 
fessor Benjamin Levich (a Corresponding 
Member of the Soviet Academy of 
Sciences), Dr Eytan Finkelstein, Professor 
Alexander Voronel who founded the 
refusnik seminars and Professor Mark 
Nobel, who succeeded him as convener. 

A number of papers by present refusniks _ 
were read in absentia. The principal aim < 
such gatherings (including previous 


conferences in the United States and | 


Stockholm) is to present the refusniks’ 
work in its scientific content and to 
demonstrate that the seminars (which still 
continue in Moscow and elsewhere, albeit 
somewhat less regularly than previously) 
can generate meaningful work. 

The question arises, however, whether 
such special meetings are the only or the 
best way of presenting the refusniks’ work. 
Invitations to international conferences 
abroad are, of course, only symbolic ges- 
tures, while conference programmes are 
now too crowded to permit the custom of 
the 1960s of keeping blank the time-slot 
allotted to a Soviet participant who fails to 
arrive. Even papers sent to be read in 
absentia will usually be crowded out. 

One approach not apparently tried so far 
is to encourage refusniks to submit con- 
tributions for poster sessions. Many of tk 
papers at the Tel Aviv conference were, i 
fact, of poster length, having been dictated 
by telephone. 

With a scientific colleague abroad as 
sponsor, such participation could prove a 
valuable way of keeping the refusniks in the 
world scientific community. Vera Rich 






























ae Sakharov 
US academy 
ncels visit 


Washington 





MOUNTING anxieties about the healthof Dr. 


Andrei Sakharov and his wife Yelena Bon- 
ner have forced the US National Academy 
of Sciences to postpone a planned visit to 
the Soviet Union next week. Dr Frank 
Press, president of the National Academy 
of Sciences, announced last month that he 
planned to. deliver proposals for 
resuming forma links with the 
Soviet Academy of Sciences. The US 
academy decided to suspend the links in 
1980. as a protest against a Soviet Govern- 
ment decision to condemn Dr Sakharov to 
internal exile in the town of Gor’kii, some 
250 miles east of Moscow. 

An academy spokesman said the visit 
was now in abeyance but the condition of 
the Sakharovs was being monitored daily. 
In a telegram sent jointly with the Royal 

Society of London, the Academie des 

Sciences de L’Institut de France and the 

Royal Swedish Academy of Sciences, the 

US academy at the end of May called on its 

Soviet counterpart to ‘‘act as effectively as 

possible to help Academician Sakharov 
and his wife in mea the health care they 
require and re pestis ee 















ae which had a come 
E er criticism from some quarters for its 
` decision to seek a resumption of ties with 
_ the Soviet academy. In an interview on 23 
May, for example, Dr George Keyworth, 
President Reagan’s science adviser, said he 
, was “‘rather surprised” by the decision. 
k- Dr Press has consistently refused to pro- 
vide details of the proposals he would be 
taking to Moscow, but apparently hopes to 
revive the relationships that existed 20 





years ago, when distinguished scientists | 


from both countries took part in exchange 
programmes. Since the US and Soviet 
academies established a. formal exchange 
programme 25 years ago, 500° Scientists 
have travelled in each d | 
volume of exchanges dw | 













total of 31 months in thet inited States. 

Reaching a new agreement with the 
Soviet Union may prove difficult even if 
the political controversy surrounding the 
Sakharovs abates. Although the US 
academy is keen to resume links, it wants to 
hange the way Soviet scientists are 
elected for visits to the United States. US 
scientists have often complained that under 
previous exchange agreements, too many 
junior scientists were being selected by the 
Soviet Union for visits to the United States. 
‘eter David 
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| Star wars 





Sceptical report from OTA 


Washington 


THE Reagan Administration has respond- | 


ed with unusual ferocity toa report by Con- 


gress’s Office of Technology Assessment | 
(OTA) that casts doubt on the ability of the | 


United States to build a space-based ‘‘star 
wars’’ defence against nuclear attack. 
Lieutenant General James Abrahamson, 
former shuttle director and newly- 
appointed head of the star wars initiative, 


has told Congress that the report contains | 


‘‘technical errors, unsubstantiated 
assumptions and conclusions that are in- 
consistent with the body of the report’’. 
The OTA study, published at the end of 
April, is the only detailed technical analysis 


of the star wars idea yet to be published by a 


neutral government body with full access 
to classified research data. Its author, Dr 
Ashton Carter of the Massachusetts In- 
stitute of Technology, concluded that the 
prospect of being able to develop a ‘‘near- 
perfect’ defence against nuclear missiles 


was so remote that it should not form the 


basis of public policy. 

Although they cleared the report for 
publication, a number of high-ranking 
defence officials have complained private- 
ly that it contained sensitive details of pro- 
gress in research that should not have been 
disclosed. A Republican congressman, 
Henry Hyde of Illinois, has threatened to 
launch an enquiry into OTA’s ‘‘alleged 
security breaches’’ and to propose legisla- 
tion making semi-autonomous bodies like 
OTA ‘‘more accountable’ in handling sen- 
sitive information. 

OTA, however, dismisses the allegations 
of a possible breach of security. Dr Carter, 
a former DOD analyst specializing in anti- 
ballistic missile systems, maintains that the 
report discloses next to nothing about the 
current state of US research on any of the 
sensitive technologies. And in a point-by- 
point rebuttal of General Abrahamson’s 
technical criticisms, OTA insisted last week 
that its report was technically correct. 

Because they are hamstrung by secrecy 
requirements, neither side in the debate has 
been able to substantiate its technical 
criticisms and rebuttals. Much of General 
Abrahamson’s report, for example, con- 
sists of simple assertions that OTA based 
its conclusions on outdated information 


and was therefore too pessimistic. In | 


response, OTA has been able to say only 
that it is familiar with all the latest work 
and that its conclusions are fair. 

One of the main technical quarrels is 
about the use of new fast-burn missiles 
which, OTA believes, might thwart a star 
wars defence because their rockets would 


burn out while they were still in the Earth’s | 


atmosphere. The administration’s in- 
itiative stresses the- importance of 
intercepting missiles during their boost 
phase, while they can be easily detected by 


their exhaust plume and before they deploy 


their multiple warheads. Fast-burn es 
boosters would be vulnerable for a much < 
shorter time and the atmosphere would 
help to shield them from several futuristic 
weapons such as neutral particle beams and 
X-rays. 

General Abrahamson, however, rejects a 
OTA’s view that the deployment of such: oo 


boosters by the Soviet Union could provea 


“potent, even decisive” countermeasure — 
against directed energy weapons. It would, 
he says, take many years and a lot of money 
for the Soviet Union to deploy a large frac- 
tion of its arsenal on such boosters. Even | 
then, their use would reduce the payload phe 
and accuracy of their missiles by between ` Ee 
70 and 90 per cent. OTA counters that 
“nothing like” a reduction of that; magni- Ee 
tude would be necessary; it believes 
burn boosters could be designed to de 
heavy payloads accurately enough tO 
destroy US missile silos, and certainly ne 
cities. i 
OTA and DOD also disagree about how 
well lasers, X-rays and particle beams | xy 
could perform as star weapons. General 
Abrahamson says OTA underestimates the 3 
effective range of chemical- las 
disregards promising (but seer 
in the range of X-ray lasers and ne 
ticle beams and their ability to per 
atmosphere. According to the ger 
advances enable a ‘‘modest’’ cor 
of beam weapons to ‘‘negate 
missile threats”, And he dismiss 
argument that satellite battle st 
the other space-based parapher1 
star wars system would be 
vulnerable to attack; he says an 
effective means have been develope 
sure that satellites could survive an 
General Abrahamson’s respo 
OTA may well have been unusuall 
because it was published before it ¢ 
reviewed by the national laboratori 
closely involved with star wars resee 
subsequent reviews, the general cl X- 
perts at the laboratories found the report 
full of technical flaws. Even this daim, 
however, isin dispute; Dr Cartersaysmany 
scientists at the laboratories suppart B 
OTA’s conclusions. ne 
Whatever its merits or defects, the report | 
has made its mark in Congress. The House 
of Representatives’ subcommittee on inter- 
national security and scientific affairs cited 
it in a critical report last month on the ad- 
ministration’s space arms control policy. 
The report said Congress had received no 
‘conclusive’ evidence that a perfect or 
near-perfect defence is technically feasible. 
It added: ‘As has been the practice be- 
tween the superpowers in the nuclear age, 
the practice of each side developing a 
countermeasure to the other side’s systems 
could continue unabated under the US and 
Soviet strategic defence programmes.” N 
Peter t David moo 


































UK medical research 
Neurochem 


ONLY a few months after advertising its in- 
tention to spend more on research in the 
neurosciences, the British Medical 
Research Council (MRC) is taking steps to 
close one of its better-known units in the 
field, the MRC Neurochemical Pharma- 
cology Unit at Cambridge. The decision, 
made known to the staff last week, comes 
two and a half years after the then director 
of the unit, Dr L.L. Iversen, announced his 
appointment as director of a new research 
laboratory established by Merck, Sharp 
and Dohme at Hoddesdon in Hert- 
fordshire. 

MRC’s decision, described as a ‘‘deci- 
sion in principle’’, will be controversial. 
The unit has in the past twenty years ac- 
quired a reputation for the development 
and understanding of neuroleptic drugs, 
chiefly by the refined application of 
classical pharmacological techniques. 
More recently, the unit has taken an in- 
terest in the histological examination of 
post-mortem brains, especially from peo- 
ple with schizophrenia. 

The unit, one of several maintained by 
MRC, usually in close association with a 
university, consists of a score of people of 
whom perhaps a dozen are established 
scientists. In its heyday, the unit also 
played host to large numbers of postdoc- 
toral fellows from elsewhere. The budget 
for the current year is £375,000. 

There is some confusion about the 
reasons given for closing the unit, said last 
week to have been made necessary by the 
difficulty of recruiting a suitable successor 
to Iversen, at least within the limits of what 
the council had been prepared to pay for 
the job. The council said earlier this week 
that the post had been widely advertised 
and that the salary offered had been the 
equivalent of that of a university professor. 

On the other hand, Dr Leslie Iversen, the 
previous director of the Cambridge unit, 
said that he was ‘‘furious’’ at MRC’s deci- 
sion in principle that the unit should be 
closed. He said that he had only recently 
been consulted about at least one eminently 
suitable candidate who had been interested 
in the job. He said he planned to write in 
protest to the secretary of the council, Sir 
James Gowans, saying that the appoint- 
ment of his successor had been mishandled 
and that he doubted whether the council 
would be able to economize by closing the 
unit, given that many of the members of the 
unit were tenured members of the council’s 
staff and that the space vacated by the dis- 
persal of the unit would quickly be oc- 
cupied by others. 

Another factor in the council’s decision 
seems, however, to have been the British 
Government’s refusal of its request for ex- 
tra funds to sustain an expansion of 
research in the neurosciences. The council 
is understood to consider that with recent 
developments at Imperial College, Lon- 










NEWS - 


cal unit threatened 


don, Oxford, Edinburgh and Newcastle, it 
has done as much as could be expected to 
strengthen the pattern of British research in 
this field. 

A further difficulty seems to have been 
the changing composition and objectives 
of the search committee, which at various 


times seems to have been anxious to con- 


firm the previous pattern of research in the 
Cambridge unit and at others to wish to 
branch out in new directions. The search 
seems to have been in abeyance for a full six 
months early in the proceedings, when one 
candidate to whom the job was offered 
found it hard to make up his mind. — 

On other occasions, the committee 
seems inexplicably to have tried to tempt 
distinguished researchers from the United 
States with inadequate rewards. The salary 
offered was formally stated this week to be 
the equivalent of that of a university pro- 
fessor although it is known that at least to 
one candidate from overseas figures in the 
neighbourhood of £30,000 a year were 


High-energy physics 


THE Kendrew committee set up to review 
British participation in Europe’s high- 
energy particle physics has now asked 
members of the research community for 
their views. The group particularly wants 
opinions about the relevance and standing 
of the current UK effort, technical and 
educational spin-off and of any problems 
of the European Organization for Nuclear 
Research (CERN). 

Others besides particle physicists may 
feel moved to respond: the review group 
will also be pleased to hear about other new 
areas of science, or grossly underfunded 
existing areas, that wouid benefit from a 
significant increase in support. 

The review, under the chairmanship of 
Sir John Kendrew, was set in motion earlier 
this year at the instigation of the Advisory 
Board for the Research Councils, which is 
studying the question jointly with the 
Science and Engineering Research Council 
(SERC). The council expects to spend 
£52.6 million on high-energy particle 
physics in 1984-85; £35.6 million of this is 
the UK subscription to CERN, while most 
of the remainder relates indirectly to work 
at CERN. Strong competing claims on the 
science budget led to questions about 
whether the high cost — almost one fifth of 
SERC’s expenditure — was justified. 

The committee expects to complete its 
onerous task within a year, and is planning 
a hectic programme of activity. Apart from 
the obligatory visit to CERN in Geneva, it 
will visit other countries to see how their 
ideas compare with those in Britain. Ger- 
many and the United States are provision- 
ally scheduled for visits, and the committee 








“NATURE VOL.309 7 JUNE 1984 





mentioned and not scorned. 
The immediate future of the rump of the 


Cambridge unit is far from clear. The next 






step is that a management committee of. 
council scientists will visit Cambridge 
hear what plans the remaining scientists 
may have and eventually to make recom- 
mendations to the council. 

Dr P.C. Emson said from Cambridge 
earlier this week that interest among poten- 
tial postdoctoral fellows in work at the 
Cambridge laboratory had sharply declin- 
ed in the past six months. He also said that 
MRC had only a few months ago given the 
unit the right to fill a research studentship 
from the beginning of the coming academic 
year but had then ‘‘taken it away again last 
week’’. 

Even at this late stage, it seems that at 
least part of the rump could be reprieved. 
One possibility that has been suggested is 
that the remaining members of the unit 
might be able successfully to persuade 
MRC to support them with a five-year pro- 
ject grant. Most observers, however, con- 
sider that those concerned will quickly be 
tempted to take posts elsewhere. 

John Maddox 





UK debate goes public 


will also visit British laboratories that work 


: in particle physics. 


Legal advice has been sought on the 


- question of Britain’s contractual obliga- 


tions to CERN. It seems to be recognized 
that Britain could legally withdraw from 
CERN. with one or two years’ notice, 


although the political backlash would be 


severe. One view is that Britain ts morally 
committed to CERN at least until the com- 
pletion of LEP 1, the electron-positron¢ 
lider now under construction and schedul- 
ed to start operations in 1987-88. 

If, as seems possible, this view is ac- 
cepted by a majority of the committee, the 
issues will centre on what should come after 
LEP. One possibility the committee hopes 
to look at is that of greater collaboration 
with the United States — although there 
are doubts about whether US scientists 
would be happy to forgo a machine based 
in the United States for one in Europe. 

Speaking at last week’s meeting of the 
American Association for the Advance- 
ment of Science, CERN’s director general 
Dr Herwig Schopper suggested that the 
LEP tunnel could form the basis ofa future 
proton machine with capabilities similar to 
those of the planned superconducting 
Super Collider (SSC) but at a much lower 
cost. The continuing uncertainty over US | 
commitment to the SSC may make it hardy, 
for the Kendrew committee to come to : 
any firm conclusions. 

Tim Beardsley 


Submissions to the review group should be sent 
to: Dr Keith Root, Room 5/37, Department of 
Education and Science, Elizabeth House, York 
Road, London SEI 7PH. 




















| 2 US research grants 
- New pork-barrel 
xow breaks 


Washington 


A YEAR of tireless campaigning by univer- 
sity leaders in the United States has failed 
to keep ‘“‘pork barrel” politics out of the 
1985 science budget. Georgetown Univer- 
sity in Washington DC is asking Congress 
to direct the Department of Defense 
(DOD) to support a $220 million energy 
demonstration project at the university 
without going through the usual peer 
review procedures. 

The timing of Georgetown’s initiative 
has horrified the scientific community in 
Washington, which has spent much of the 








year trying to persuade Congress that 
research funds should be distributed ac- i 








ording to scientific pai ter 






based lobbying firm t to talk Congress into 
earmarking last- minute f nds fı 
ou at their i 








Association of Americ: 4 niversities and 
the National Association of State Univer- 
sities and Land Grant Colleges, are 


spearheading a drive to block the. 


Georgetown project. A staff paper cir- 
culating within the associations accuses 
Georgetown of consistent attempts to use 
its political clout to win research funds. 
“Over many years’’, the document says, 
“the university has taken great advantage 
Of its location to cultivate key members of 
kthe Congress and to gain their support for 
egislation granting the university special 
treatment .. . Georgetown initiatives are 
almost uniformly designed to circumvent 
the established competitive merit-based 
system for the award of university program 
funding”. Peter David 
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Animal legislation 








California pounds stay open 


Los Angeles 

CALIFORNIAN researchers won a major vic- 
tory last week in their continuing battle 
with antivivisectionists. A proposed 
measure to prohibit the use of impounded 
stray animals in experiments was defeated 


by 9 votes to 4 in a state assembly commit- - 
tee after intensive lobbying by a coalition. 


of Californian universities and biomedical 


organizations. The bill, sponsored by state | 


Senator David Roberti of Los Angeles, 


passed the California senate last year bya 


healthy margin. It would have prevented 
animal pounds in California from selling 


or giving away animals for research and > 


would also have prohibited the transfer of 
research animals from one state to another. 
The bill’s defeat is now being interpreted 


as a major coup for medical researchers 
| throughout the United States. Animal 
rights groups believe that if such a law had 


been passed in California, few states would 


-| have failed to follow: Nine have already 


enacted laws that forbid impounded 
animals from going to research 
laboratories but researchers in eight of 
these are allowed to import animals from 
other states. Only. Massachusetts, which 
passed its animal protection bill several 
months ago, intends to forbid importation, 
and as a consequence it is estimated that the 
costs of experiments using dogs and cats 
will increase tenfold. 


In their successful lobby against the bill, 


California researchers argued that it would 


have cost $12 million to establish breeding - 


facilities for dogs and cats and some $8.5 
million a year torun them. They noted that 
about 15.5 million unclaimed animals are 


Raid on US baboon laboratory 


A GROUP calling itself the Animal 
Liberation Front has broken into a 
laboratory at the University of 
Pennsylvania, vandalizing equipment 
worth thousands of dollars and stealing 20 
videotapes of experiments on baboons. 
The laboratory, directed by Dr Thomas 
Gennarelli, has conducted experiments 


with baboons designed to simulate 


traumatic head injuries to people as part of 
the university’s head injury research 
programme supported by a $1 million grant 
from the National Institute 
of Neurological and Communicative 
Disorders and Stroke. 

A spokesman for the burglars, who have 
been identified only as ‘‘five members of 
the Animal Liberation Front”, said that 
Gennarelli’s laboratory was chosen for the 
break-in because his experiments are 
*“‘notorious’’ and because of rumours that 
he had been filming them. Copies of select- 
ed tapes provided to local television 
Stations by the burglars show the 


researchers making jokes about brain- 


| Animals. 





him to vote for continued 3 res 


killed in California’s pounds each year, — } 

and that they take only 3 per cent of such < 

animals to laboratories for experiments. : 
Senator Roberti seems to accept that the. 

bill is dead. He says that he will recommend 

to humane groups that “the avenue avail- 

abletothemtochangetheheartsandminds 


of the legislature is to appeal directly to the _ 


people”. Senator Roberti said he was not __ 
against animal research but, rather, against 
experiments on pets. But an alternative bilo 
that would prevent pounds from turning oe 

““proven’’ pets over to researchers is aor 
languishing in the state senate because few 
people think it is enforceable. PE T E 

Meanwhile, animal protection. groupsin EA 
California are livid. “The powe 
University of California is overwhelming”, 
said Gretchen Wyler of the Fund for mes 
“They are in control of this. 
state.’’ The next step, she said, will be togo 
to Washington Det to > try to enact federa 
legislation. ee 
































rdinary. ¥ ge major ‘California news- 
paper supported them, while heart, trans- 
blind dia 


before elected: “off 
animal research. Even so 
decision was clear. Cor 
Richard Alatorre; ai 
that a recent. televisio: 
animal research had- ‘been a clear 
ment of the academic community a 
conduct of research; but, he said, 
friend who died of leukaemia had 












animals. 





damaged monkeys, and have provoked 
predictably hostile public reaction. — 

Dr Thomas Langfitt, principal 
investigator of the research programme, 
defended the as humane. and vital for the 
improvement of the treatment for head 
injuries. The injuries are induced by 
accelerating the baboons’ heads, without 
impact. Langfitt said the research has 
already revealed the mechanism by which 
damage occurs in such accidents: results 
have lead to mathematical and physical 


‘models of the axons and blood vessels in 


the brain during injury and to the design of 
improved crash helmets. Langfitt said that 
the baboons are tranquillized and lightly 
anaesthetized during the procedure. Allthe 
animals are eventually destroyed. 

The Animal Liberation Front says it will 
turn over to the US Department of 
Agriculture evidence of violations of the 
Animal Welfare Act. The act requires the 
proper care and housing of animals, but 
leaves experimental design entirely up to 
the researcher. Stephen Budiansky 


oneness... 








Forestry 





NEWS 


Taxing changes in prospect 


POLICY proposals published this week by 
Britain’s Forestry Commission include for 
the first time special provisions for the 
protection of Britain’s ancient semi- 
natural woodland. In a consultative paper, 
Broadleaves in Britain, the commission 
suggests measures to minimize loss of all 
broadleaved woods and introduces guide- 
lines agreed with the Nature Conservancy 
Council (NCC) for managing ancient semi- 
natural woodland. This change of heart by 
the commission, which previously failed to 
recognize this category at all, is seen as a 
major concession to conservation interests. 
According to a survey (as yet 
incomplete) by NCC, losses of ancient 
_ semi-natural woodland over the past 40-80 
<o years in different counties range from 10 
per cent to over 60 per cent, with most 
counties so far surveyed showing losses of 
over 40 per cent. The commission, which 
advises private foresters and manages its 
own forests, now recognizes a good case 
for slowing the rate of future loss, and 
proposes new management guidelines that 
will automatically check felling proposals 
and grant applications against the NCC 
register of ancient woodland. For woods so 
categorized there will be “ʻa presumption in 
favour of maintaining the species already 
present’’ and owners will be persuaded to 
adopt methods of working that are ‘‘least 
disruptive of the woodland habitat’ 
Broadleaved woodland in general should 
be maintained at about its present extent by 
requiring replanting with broadleaves after 
felling and allowing permanent clearing 
| “only exceptionally”. 
->The Forestry Commission has been 
a under intense pressure from conservation 
groups to change its policies in this area, 
and has. consulted extensively with 
interested parties for more than two years. 
There was therefore some surprise this 
week that the new document is consultative 
and not a definitive policy statement. 
Comments can be made on the proposals 
even at this stage. The commission hopes 
nevertheless to offer its final advice to 
government before the end of the year, as 
proposed tax changes and higher grants for 
establishing broadleaved woodlands will 
need ministerial approval. 

“Most. of the broadleaved woodland in 
Britain is in private hands. Timber Growers 
UK Ltd, which represents foresters’ 
interests, welcomes the Forestry Com- 








missions proposals as a bigstepin the right 
in the view of the 


= direction. But, 
= agsociation’s chief executive, Mr Ronnie 
-© Williams, the commission could have been 
< much firmer. Private foresters are keenly 
: = aware of the need to improve financial 
. -provisions for owners of broadleaved 
‘woodland, who are at a disadvantage com- 
_. pared with owners of the faster-growing 
=- and more profitable conifer stands. The 
= Forestry Commission now proposes to 
















make it much easier for owners of mixed 
estates to claim tax relief on slow growing 
broadleaved plantations, a move 
welcomed by the timber growers. But, they 
say, the commission does not go far 
enough. Only by making broadleaved 
woodland management less of a financial 
burden in the hundred years or more from 
plantation to financial returns will the 
pressure to destroy ancient woodland be 
removed. It is also pointed out that the 
commission has hardly been providing a 
good example by its own planting policies: 

the vast majority of recent Forestry Com- 
mission plantations are of conifers. 

The Forestry Commission makes much 
of the fact that the total area of broadleaves 
in Britain is now 15 per cent greater than in 
the 1940s, and its proposals could be briefly 
summed up by saying they aim to maintain 
the status quo. Private foresters, however, 
argue that a million acres of woodland were 


European biotechnology 
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lost in two world wars and want a return to 
the levels of the turn of the century. But at 


| present there are severe economic obstacles 


to broadleaved production, mainly th 
high costs of establishments, the H 
productivity and long rotations. 

The Forestry Commission is TA 
reconsidering much of its research activity, 
and that on productivity of broadleaved 
species is one important area of discussion. 
The new Broadleaves in Britain document 
gives some indications of where it might be 
heading. The review group that produced 
the document considers it is ‘‘doubtful” 
whether improvements in growth rate can 
be achieved through the use of fertilizers, 
and in the long run the improvements will 
come about through genetics, most 
probably using vegetative propagation 
techniques and clonal testing. There is also, 
according to the group, a need for more 
information on total biomass production 
and how this is affected by spacing and 
harvesting regimes, as well as the pro pertier 
of species mixtures and newly introducec..., 
species. Tim Beardsley _ 


Optimism abated as summit looms 


Brussels 
OFFICIALS of the European Commission 
fear that the Community’s proposed bio- 
technology programme is falling foul of the 
present crisis in the Community’s affairs. 
One sign of this is that the powerful 
agricultural lobby is mobilizing to block 
certain reforms that would have helped the 
growth of a strong biotechnology industry. 

In spite of the generally favourable 
reception of the proposed programme by 
both research and industry ministers in 
November and December last year, that 
conjunction of omens seems now to be 
dissipating. ‘‘The alliance is coming 
unstuck’’, complained one official, citing 
the objections now raised by the sugar beet 
industry to a new pricing regime for the in- 
dustrial use of sugar. ‘‘The sugar beet in- 
dustry thinks that the biotechnology pro- 
gramme is the thin end of a wedge’’ leading 
to lower prices which, the official guesses, 
is the reason why agricultural ministers are 
now dragging their feet. 

The Commission, meanwhile, is trim- 


- ming its optimism about biotechnology to 


the changing wind. Last year, the Commis- 
sion asked for a five-year programme 
costing 200 million European Currency 
Units (ECU) (about £118 million) but in its 
revised proposal put forward on 26 April, 
the Commission asked for only 88 million 
ECU covering only two of six of the 
original proposals — research and training 


and ‘‘concertation’’ with other bio- 


technology programmes. 

At this level, the programme would 
represent a little more than a million dollars 
per country per year, an order of 
magnitude less than the Esprit information 
technology programme. The Netherlands 


and Denmark are unhappy about the size 
of even this proposal, while the United 
Kingdom and West Germany want the pro- 
gramme cut back drastically. ‘‘The council 
seems intent on reducing the whole thing to 
ashes before they have to build the whole 
edifice again’’, said one frustrated scientist. 

The cuts and delays are especially galling 
for officials still smarting from the 
criticism earlier this year from the US Of- 
fice of Technology Assessment that Euro- 
peans are not aggressive in commercializ: 
ing biotechnology and pose little threat. 
the US industries. 

At the twice postponed meeting of 
science ministers, now fixed for 29 June, 
there is even a danger that discussion of 
biotechnology will be swamped by two 
other items of high importance — telecom- 
munications and the fusion programme. A 
spokesman for Research Commissioner 
Etienne Davignon insists that bio- 
technology retains its high priority, but 


_ British officials complain that they have yet 


to see where it fits into the Commission’s 
larger scheme of things. 

A further imponderable is that, by the 
end of June, the next Community summit 
at Fontainebleau may or may not have 
resolved the Community’s budgetary 
crisis. The Commission may decide to go 
for a decision in principle on bio- 
technology, letting the question of funds. 
hang loose until later, but in any case th: 
programme will have to await an opinion? 
of the newly elected European Parliament, 
and so is not likely to see the light of day 
before next year. ‘“But if things go badly at 
Fontainebleau”, said one senior European - 
official, ‘it could be a catastrophe for 
European research’’. David Price 
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Federal laboratories 


Packard calls 
or flexibility 


New York 
IMPORTANT changes in pay and conditions 
may be on the horizon for scientists 
employed in the United States’ 700 federal 
laboratories, which include the National 





Insitutes of Health and laboratories run by | 


the Departments of Energy, Defense and 
Agriculture. An interdepartmental com- 
mittee headed by the White House science 
office has drafted legislation to free the 
laboratories from civil service pay regu- 
lations so that they can better compete with 
the universities and industry for talented 
scientists and engineers. 

Addressing last week’s meeting of the 
American Association for the Advance- 
ment of Science (AAAS), Mr David 






>wPackard, chairman of California’s | 


Hewlett-Packard Corporation, said the 
_ model legislation was proposed in a draft 
report to be submitted to President Reagan 
in July. But he predicted that the legislation 
would stir up considerable opposition from 
vested interests in the civil service. 

Mr Packard, a personal friend of Presi- 
dent Reagan, strongly criticized the civil 
service’s inflexible procedures for pay and 
promotion in a review of the federal labor- 
atories he conducted last year for the White 
House Science Council.. The new legis- 
lation, he said, would cr tea 









> The report going to ta 
h July \ will claim there: 






the first time d | ‘dr 
plans for itsi mm 


National Laboratory, Dr Herman Postma, 
told AAAS that progress had been uneven. 
Both Congress and the Office of Manage- 
ment and Budget (OMB) continued to 
block a proposal to bring financial stability 
to the laboratories by setting rolling 
budgets for two or three years at a time. 
“ag The Department of Energy, responding to 
Packard and earlier reports, had begun to 
ive each laboratory an ‘‘exploratory 
budget’’ to be spent at its director’s discre- 
tion, but the level was between half and one 
per cent of the laboratories’ budgets in- 
stead of the 5 to 10 per cent recommended 
by Packard. Peter David 


NEWS 
Antarctic treaty 





Minnows smell a rat 


Tokyo 

THE Antarctic Treaty Consultative Parties 
(ATCP) ended their secret deliberations in 
Tokyo on 3! May with the announcement 
that “good progress’ had been made 
towards an agreement permitting the 


| exploitation of Antarctic mineral | 


resources. Representatives of nations that 


| have no say in how Antarctica is to be | 


carved up, as well as conservation groups 
that had come to Tokyo to monitor the 


| meeting, took a less charitable view. 


Of the sixteen members of the Antarctic 


Treaty, seven have territorial claims to 
| huge areas of the continent which have 


been held in abeyance since the treaty was 
signed in 1959. Entry now is restricted to 
those who carry out a full programme of 
research in the Antarctic. Despite the very 
great cost of maintenance of bases and ice 
breakers capable of reaching them, both 


| Brazil and India thought it worthwhile to 


join last year (see Nature 307, 105; 1984). 
Under discussion in Tokyo, at the Fifth 
Special Mineral Resources Meeting, was a 
plan put forward by New Zealand re- 
presentative Chris Beeby. The meeting was 
surrounded by secrecy — despite repeated 
protests from the Netherlands, not even 
representatives of the fifteen nations that 
have signed the Antarctic Treaty but which 
do not carry out research there (the ‘“Non- 


Consultative Group”) were allowed to — 


send observers. But copies of the original 
draft of the Beeby plan were circulated by 
conservation groups, and individual 


-delegates were willing to discuss privately 
| amendments made since the last meeting. 


Essentially, the plan proposes that 
mineral exploitation be regulated by three 
types of institution. At the top is a central 


| commission which will be the ultimate 


political body for the whole mineral 
regime, with membership restricted to the 
16 ATCP members and to nations with 
definite plans for mineral exploitation. 
Next will come a scientific and advisory 
committee whose members will be 
appointed by the central commission, to 


| provide ‘‘technical guidelines” including 


those for environmental protection. It will 
not, however, have any power to enforce 
these guidelines. 

Real power will reside with “regulatory 
committees’’, one for each area of the 
Antarctic when a proposal is made for 
exploitation in that region. Each will con- 
tain representatives from the United 
States, the Soviet Union, four nations with 
territorial claims, the nation proposing 
mineral development and another nation 
nominated by it. 

What this plan neatly achieves is an 
accommodation between those with 
territorial claims and nations that actually 
want to carry out mining operations in the 
Antarctic. Beeby speaks proudly of the 
great success that the Antarctic Treaty has 


achieved over the past twenty years in ae 
keeping international rivalries out of — 
Antarctica. His plan is primarily concerned 

with maintaining this internationalist spirit. oo 
while permitting mineral exploitation to: 
take place. 

But to the smaller nations the whole plaan 
seems designed to keep power in the hands 
of the Antarctic Treaty members, Malaysia 
received overwhelming support from the 
last meeting of the non-aligned nations for © 
a resolution calling for a UN debate on the 
Antarctic issue during 1984, a move that 
could end with a conference like that of the 


- Law of the Sea which would call Antarctic 


resources, like ocean bed resources, the 
heritage of all mankind. 

The non-aligned group accuses the treaty 
members of trying to tie up a minerals 
agreement to pre-empt such a move. 
Indeed, if environmental groups are right, 
preliminary investigations of Antarctic oil 


| resources have already begun — despite a 
1977 agreement to restrain exploration 


while ‘“‘satisfactory progress” is being 
made towards a minerals agreement. 

What disturbs the environmentalists 
more, however, is that there would be no 
publicly accessible central body with the 
power to ensure that the Antarctic environ- 
ment is not damaged under the Beeby plan. : 
To divide the Antarctic into regions, each = 
under the control of an eight-nation group. 
with an interest in exploitation, would, 
they claim, prevent any overall or. con- 
sistent ecosystem management. And the- 
Beeby plan contains no provision tọ- 
regulate preliminary prospecting, even > 
though atest drilling that went wrong could 
have appalling effects. There can be no ~ 
guarantee that a nation will ef fectively dis- 
charge its. obligation to supervise the 
mining operations of its nationals. Insteas 
the major conservation group concern 
the Antarctic and Southern Ocean __ 
coalition of 150 environmental _ 
organizations from 37 countries, is calling : 
for an Antarctic Environmental Protection 
Agency to oversee all Antarctic operations. 

There is sympathy. for this idea from some 
ATCP members, but not from the two 
superpowers. _ 

That the Beeby plan has only been 
slightly modified since the last meeting of 
the Mineral Resources Group suggests that 
its form is close to being acceptable by the 
ATCP members and that the idea of an 
Environmental Protection Agency will 
stand little chance —- although it is 
impossible to be sure, given the secrecy of 
the discussions. Discussions will continue 
in February 1985 with Brazil as the host 
country. There, for the first time, the non- 
consultative parties to the Antarctic Treaty 
will be allowed to send observers and it may 
be possible for more than a handful of 
nations to find out what is going to happen 
in Antarctica. Alun Anderson 




























Pleas for would-be emigrés 


Sir — We wish to draw your attention to the 
case of the respected Soviet cancer 
researcher, Dr Iosef Irlin, who has been 
involved in the fields of tumour virology 
and tumour immunology. His work has 
been of theoretical importance and in no 
way related to matters falling within any 
national security interests. 

Dr Irlin applied four years ago for 
permission to emigrate with his family to 
Israel, to be reunited with other members 
of his family there, and he has reapplied 
repeatedly during the past four years. All 
his requests have been refused, without 


explanation. During this time, he has been 

without professional employment and his 

‘=o several applications for jobs have been 
eeted. 






>. Jn-an earlier letter, Dr Irlin states: 


It is now four years that I have been in 
refusal. As you must know well, being 
engaged in my profession, I have never been 
connected with any state secrets or security, 
dealing only with experimental oncovirology 
and immunology of experimental tumours 
- quite an open branch of science. In spite 
of this, my family and I were not allowed to 
emigrate to Israel and none of the officials, 
despite my numerous applications, took the 
trouble to give me any good ground for the 
refusal. By now, I repeat, for four years, I 
have been without a professional job and 
practically without hope. All my efforts to 
get any decent job have failed. 
We appeal to scientists from all countries, 
including our Soviet colleagues, to use all 
their influence so that Dr Irlin, together 
with his family, is allowed to leave the 
Soviet Union to live and work in the 
country where he and his family wish to 
stay. GEORGE KLEIN 
JERZY EINHORN 
Karolinska Hospital, Stockholm, Sweden 
STUART A. AARONSON 
National Cancer Institute, Bethesda, 
Maryland, USA 
FRED RAPP 
Pennsylvania State University, Hershey, 
Pennsylvania, USA 
ANDRE LWOFF 
Pasteur Institute, Paris, France 
THOMAS GRAF 
European Molecular Biology Laboratory 
Heidelberg, FRG | 
| DAVID BALTIMORE 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts, USA 
_ 3 ROGER WEIL 
University of Geneva, Switzerland 


< SiR — I wish to support in the strongest 
possible way the appeal of Dr André 
Lwoff, and other Western biochemists and 
-© geneticists on behalf of Dr David Goldfarb 
whose exit visa for Israel has recently been 
< withdrawn by the KGB (see Nature 308, 
<- 679, 766 and 309, 104; 1984). 
“| have known and admired Dr Goldfarb 


since he came to work in my microbial 


genetics unit at Hammersmith Hospital, | 
London, some twenty years ago, and | 


respected him as among the most honest, 


-able and innovative Soviet geneticists of | 


the post-Lysenko era. To those of us who 


have known Dr Goldfarb well, he has | 


always reflected credit on the Soviet Union 
for his work on microbial genetics. I there- 


fore found his harassment by the KGB | 


when he applied for an exit visa in 1979 not 
only unjust but incomprehensible, 


especially in view of the assertion by the 


Soviet Academy of Sciences that he knew 


no state secrets. He also demonstrated his | 


courage and patriotism at the siege of 
Stalingrad where he lost a leg. The latest 
withdrawal of his visa, again approved by 


| the Academy of Sciences, on the eve of his | 
departure for Israel savours of paranoid 


persecution and causes great distress to his 
many friends abroad in view of his advanc- 


| ing years and poor health. I therefore hope, 


in the interests of all those who support 
goodwill and international collaboration in 
science, that Goldfarb’s case will shortly be 
resolved in his favour. 

WILLIAM HAYES 
Department of Botany, 
Australian National University, 
Canberra, ACT 2601, Australia 





Skew physics 


Sir — I was struck by the remarks on Fritz 
London in your recent article (Nature 10 
May, p.109). Amongst other qualities, 
London was gifted with modes of 
apprehension of physical problems that 
were skew, or at any rate out of line with 
those of his contemporaries, with the 
consequence that some of his publications 
at first lacked the full impact their 
importance warranted. As some compen- 
sation, his originality enabled him to grasp 
more confidently skew developments 
presented to him. 

I was fortunate to have personal 
experience of this trait in relation to my 
earlier letter (Nature 132, 1002; 1933) on 
the change from ‘‘aromatic’’ to ‘‘metallic’’ 
electrons in organic compounds. This text 
was written with some unease because of its 
novelty, but on my walking back from 
posting it to your offices I was introduced 


to Fritz London by F.A. Lindemann, who | 


was chatting with him at the entrance to the 
Old Clarendon Laboratory at Oxford. 
Rather tremulously, I showed them my 
letter, Lindemann read this politely, and 
said little, but Fritz London immediately 
grasped what it was trying to focus on 
about the unusual physical properties of 
aromatic molecules, such as their large 


diamagnetism, and reassured me. He | 


himself later developed this theme more 
fully. 

His kind of responsiveness raises the 
interesting educational problem of whether 


een. 
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teachers may be justified in describing 


| select skew approaches to physics to their 


pupils, not only to leave loose ends for 
innovative developments, but generally. 
can be argued that the best informeq 
financial patronage for research, and most 
valuable support for research program- 
mes, is to be sought from managers and 
directors who understand a mixed con- 
ceptual language much more readily than 
would physicists with much stricter 
training in scientific communication. 
A.R. UBBELOHDE 

Department of Chemical Engineering 

and Chemical Technology, 
Imperial College, 
London SW7 2BY, UK 





Sea as dark as win 
Sik — When Homer sang of the ‘‘wine- 
dark’’ sea (see Nature 303, 568, 1983; 307, 
590; 309, 204, 1984) what he had in mind 
must surely have been its darkness, rather 
than the colour, and ‘‘dark as wine” might | 
be a better translation. After all, one can 
say that ‘‘her eyes sparkled like 
diamonds”, without implying that they 
were of the same colour. 

lonian Greeks knew all about wine, but 
with what other fluids would they have 
been familiar, to be compared in darkness 
with the sea? Blood would not have done, 
and the Homeric heroes had no use for ink, 
which was a muddy concoction available, if 
at all, only to scribes. So, gazing into the 
mysterious depths of a calm dark sea, how 
better could the poet then have described it, 
than with his simile of the transparent 
darkness of a full cup of wine? 

C.B. GOODHART 

Gonville & Caius College, 
Cambridge CB2 ITA, UK 





Luddites defended 

Sir — It has become fashionable to describe 
negative attitudes to technological change 
by making an analogy to the Luddites. 
Terms such as ‘‘neo-Luddite’’ or even 
‘‘latter-day Luddite’’ are appearing 
regularly. The most recent I have noted is in 
David Sills’ review (Nature 10 May, p.185). 
p.185). 

The term seems to imply a senseless 
denigration of new ideas, an attempt to 
retain the old. I would suggest that this is a 
gross generalization. It strikes me that the 
original Luddite leaders were more 
concerned with the terrifying effects that 
new technology was to have on the work- 
force. Whilst their methods of protecting 
people from unemployment, with its 
associated evils, were violent ani 
destructive, their intentions were highly’ 
honourable and deserving of our attention, 
today. | RICHARD MORRISH 
Department of Computing Studies, 
Institute of Catholic Education, 

Ballarat Campus, PO Box 650, 
Ballarat 3350, Victoria, 
Australia — : 
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The Low Countries, Belgium, Luxembourg and the Netherlands, are 


LOW COUNTRIES SCIENCE 


corner of Northern Europe that geography suggests. 


THE hallmark of densely populated Europe 
is diversity; the Low Countries — the Gallic 
name for the regions bordering the estuary 
of the Rhine — are Europe in microcosm. 
Socially and politically, the Netherlands, 
Belgium and Luxembourg between them 
embody all the features of a continent 


repeatedly reworked by twenty-three cen- | 


_turies of recorded history. Since the 
Roman pacification of northern Europe, 


_» the Strategic importance of this patch of 


land has given it the unenviable distinction 
-of being that on which the great European 
armed conflicts have been staged. The 
marks of those battles are still plain to seein 
every other rebuilt market square. The 
wonder is that so much remains of the 
= distant past — cathedral spires glimpsed 
from miles away over flat alluvial 
farmland, the art treasures of many 
centuries and the indomitably cosmo- 
politan conviction that the whole of 
Europe can be run from the back yards of 
ý these: northern fens. 
> The following pages will also show the 
‘Low. ‘Countries to be in microcosm repre- 
sentative of Europe’s contemporary 
problems. Once comfortably prosperous 
economies are now, surprisingly, less so. 
Communal divisions rooted in language or 
_teligion are now openly contentious, with 
kthe result that tiny nation states are being 
further splintered into autonomous 
regions. Fierce public arguments rage 
(especially in the radical Netherlands) on 
questions such as the safety of nuclear 
power stations or the prudence of pro- 
viding hospitality for other people’s 
nuclear missiles. (Last week, the Dutch 
coalition gove Tnment postponed for 
another eighte 1 months the decision 
whether to: carry ugh its 1979 obli- 
gation to provide sites for nuclear missiles 
“of the North Atlantic Treaty 
Organization. ) And Belgium and the 
Netherlands must approach Europe’ $.con- 
temporary dilemma of how to join the new 
high- tech industrial revolution while keep- 
ing public expenditure to. a. minimum. 
That Belgium and the Netherlands 
should be faced with such different prob- 
lems is not surprising to Europeans, but 
„ ay catch others unawares. In reality, the 
Avo countries have little more in common 
an their place on the map. (Luxembourg 
is something else again.) Historically, the 
Netherlands has the greater claim on public 
attention, perhaps because so many Dutch- 
men were quick to recognize the impor- 
tance of what was happening in southern 











| Science in the Low Countries 





THIS survey of science in Belgium, 


Luxembourg and the Netherlands has been 


compiled and written by Robert Walgate, 


Chief European Correspondent of Nature. | 





Europe during the Renaissance. Erasmus, | 


part-philosopher and part pre-Newtonian | 
| physicist, was one of them. In the seven- 
teenth century, van Leeuwenhoek did for | 


the microscope what Galileo had done for 


the telescope, showing the potential of | 
primitive pieces of glass. Huygens, whose 


physical insight made wave propagation 
through a medium a branch of mechanics, 


wasa Dutchman. It remains something ofa 


miracle that the University of Leiden 
should have served as a durable bridge 
between nineteenth-century physics and 
what came later through the work of H.A. 
Lorentz and his successors, notably 
Kramers. It is understandable that the 
government of the Netherlands should now 
be moving with great caution to impose 
external direction on the patterns of 
research in universities which have so 
recently been able to do so well. 
Industrially, the two countries are also 


Sharply different from each other. 


Mainland Europe’s late response to the 
industrial revolution of the nineteenth 
century prompted quite different 
responses in the two small northern states. 
Both have made their way in the world by 
being industrious, but in very different 
ways. The Dutch seem to have concluded 
that it would be uneconomic just to make 
electric light bulbs simply for themselves 
and so Philips has made light bulbs for half 
of Europe. Now there are Shell and 
Unilever as well, all of them enterprises 
based squarely on a mercantile flair and the 
self-conscious application of research and 
development to the manufacture of 
products that people elsewhere will buy. Is 
this a continuation into the present of the 
old Dutch willingness to travel abroad ora 
measure of the strength of the Dutch 
universities? Belgian industry has taken a 
different route. Until quite recently, 
Belgium has been to northern Europe what 
Birmingham used to be to England, a 
conglomeration of small-scale metal (and 
diamond) workshops. (But now there are 
international pharmaceutical companies, 
as well as other people’s multinationals 
such as ITT.) Is it that Belgium has had 
only modest expectations of what its 
universities can accomplish for its industry, 





far fom being the homogeneous 


į at least until comparatively recently? 























| Such questions prompt over-simple 
answers. Since the Second World War, 
and with the unwinding of overseas 
empires in both Belgium and the 
Netherlands, it has been plain that each of 
-them can function competitively only as a 
part of a larger European enterprise. It is 
therefore no accident that the Benelux 
economic union should have been a 
precursor of the European Communities. _ 
Each of them now gives outsiders the 
impression that it is marking time, waiting : 


the better. The Dutch, meanwhile, have 


Walloons and Flemish be that i imponan to 
them both? 


resources, anc 
ino particular, OF e ge 
objectives without at the same time run- 
ning the risk of neglecting activities that 
turn out, in the course of time, to be even — 
more important? This, the recent dilemma — 
of most. European States in science and 
technology, is necessarily more acute in 
Belgium and the Netherlands than else- 
where. The Netherlands, with its estab- 
lished international connections, is better 
placed than Belgium, now bent on modern- 
izing its metal-working industries and 
everything else in sight. Both countries 
would, however, benefit enormously from 
the more thorough integration of Euro- 
pean academic institutions, universities 
and basic research establishments. Indeed, 
the problems encountered by Belgium and 
the Netherlands are a pointer not merely to 
a potentially fruitful area consistently 
neglected by European politicians (which 
will become more important as other states 
accede to the European Communities) but 
also to the way in which the rest of Europe 
does not fully share the benefit of. the 
intellectual resource of these northern 
States. PE 






for the international climate to change for = 


been flexible and ingenious in hitching 
some of their academic science to inter- - 
national enterprises, especially in fields . i 
such as astronomy. Belgium, with its lan- ` o 
guage problem, is by contrast being forced ` E 
along a path — separate pots of. publice > 
money for separate linguistic regions — = 
that cannot but be cramping for Belgian = __ 
universities and, ultimately, for Belgian 

science. Can the mutual suspicion of the 
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Geography 


Small lands, 
big industry 


ARE the Low Countries small? Some 14.3 
million people live in the Netherlands; 9.9 
million in Belgium; and 365,000 in 
Luxembourg: a total of a little more than 
24 million people, less than half the popu- 
jation of Great Britain, France, Germany 
or Italy, and a tenth that of the United 
States. But their joint population density is 
three times that of France next door. And 
these people in their cabbage patches are 
highly productive: the Netherlands has 
probably the highest ratio of gross national 
product per square kilometre (£2.4 million) 
in the world. 

Moreover, in the small continent of 
Europe, the Netherlands can claim to be 
medium-scale: politically, it chooses either 
to trail the big countries or lead the small, 
according to the policy it is pursuing. 
Smaller Belgium is further divided, roughly 
in half, by the constant regional sniping 
between Dutch-speaking Flanders in the 
north and French-speaking Wallonia in the 
south. Luxembourg, of course, is tiny, a 
little anomaly in modern Europe. 

Geographically most of the Netherlands 
and the northern half of Belgium form the 
delta of the great river system of the Rhine, 
the Meuse and the Escaut rivers; and nearly 
half of the Netherlands (and more than half 
its population) is below sea-level (the wind- 
mills were — and are — water pumps, not 
flour mills). This gives both countries good 
flat agricultural land, and the Dutch, in 
particular, are renowned for their farming 
and agricultural science. 








@ Brussels 
BELGIUM 


One Dutch university, Wageningen, is 
devoted to agriculture. Apart from that, 
the Netherlands has nine full universities, 
and three technical (engineering) univer- 
sities. Three of the universities have 
religious affiliations: the Free University of 
Amsterdam (Dutch Reformed) and the 
Catholic Universities of Nijmegen and 
Tilburg. 

Apart from agriculture and a strong dose 
of Calvinism (now forgotten, to judge by 
the drugs and flesh-pots of Amsterdam), in 
the past the Dutch have relied on sea-trade 
(which gives them an affinity with the 
English), and good business sense; but they 
also manufacture. In fact Holland supplies 





Charlemagne’s fondness for bathing 


THE Netherlands, Belgium and 
Luxembourg are the northern tip of a 
corridor of states that once separated the 
Germanic from the French empires; and as 
rebellious buffer states, they have often 
been warred over — or upon. (It is appro- 
priate, said one sardonic Belgian, that the 


North Atlantic Treaty Organization | 


NATO has made its headquarters in 
Brussels.) 

It is believable, although not necessarily 
true, that the blood soaked countries owe 
their existence to Charlemagne’s love of a 
hot bath. This last great unifier of Europe 
was crowned in AD 800 and made his court 
at Aachen, now a German city but just over 
the border from the southern Netherlands. 
He chose that city, it is said, because as a 
lover of the good life he liked to bathe in its 
hot springs — there may have been some 
sound military reasons too, as 
Charlemagne was a soldier as well as a lover 
of baths, but these reasons are unclear. But 


for whatever cause, Aachen was the focus | 


of his empire when he was planning its 
division among his sons, and Charlemagne 


seems to have planned the division 
symmetrically. 

But even Charlemagne’s plans could 
come adrift, and in the event, only one of 
his sons survived, leaving the empire intact 
for a generation. That son then enacted the 
division among his own three sons: one 
took the Germanic lands, so providing the 
early foundation of Germany; one took 
what is now France; and one was granted a 


corridor of land which ran from the low 


countries south through Alsace-Lorraine 
(now part of France) and on to the Medi- 
terranean. These were the buffer states 
between France and Germany, of which 
the low countries were for long the marshy 
and neglected north. 

The present states were first defined 
when Belgium seceded in 1830 from the 
United Netherlands (a product of the 
Napoleonic wars) after a revolution in 
Brussels; and second when Luxembourg 
won its independence from the 
Netherlands in 1890. In royal terms, they 
now form two kingdoms and a duchy 
(Luxembourg). = 
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much of General Motor’s steel (sea trans- 
port to Detroit up the St Lawrence is 
‘almost free’’, they say). The Dutch also 
boast the headquarters of the multinationals 
Philips, Shell and Unilever, and are strong 
in the fermentation and pharmaceuticals 
business. Since the 1960s they have enjoyed 
a bountiful supply of natural gas from 
Gröningen in the north of the country, 
which some say has distorted the economy 
and the spirit of the Dutch. 

Belgium has coal in Wallonia, and hence 
steel and the chemical industry — 
dominated by Solvay (which supported the 
historic Solvay conferences in physics). 
Flanders developed on textiles — for cen- 
turies it made cloth from British wool, and 
Belgian lace is famous — but it also has the ġ 
almost independent offshoot of Bell Tele- 
phones, Bell Antwerp, flourishing foreign 
investment and is turning rapidly to new 
industries. It is thus outpacing the heavy 
industry of Wallonia, a circumstance 
which has now become a major cause of 
regional friction. 

Belgium has six universities (three 
Flemish and three French) and eleven 
regional ‘‘university institutes’. Two of 
the universities are Catholic (Leuven and 
Louvain-la-Neuve) and two free, that is 
neither fully state-controlled nor religious 
(the Flemish and French free universities of 
Brussels). 

Luxembourg, finally, in the far south 
and hillier part of the region, has been pre- 
dominantly a steel and metals town (half 
of its industrial employment was in steel 10 
years ago, although the fraction is now _ 
declining and steel production with i 
After steel, Luxembourg has rubbe 
(Goodyear’s European laboratory is there) 
and banking (it is like a little Switzerland to 
rich Belgians) and is now developing new 
industries. It has the first year of a univer- 
sity, and something approaching an 
academic hospital. cj 




















The end of 
| quality 


INE of Belgium’s grander scientists, Nobel 
Prize winner Ilya Prigogine, is concerned 






— among other things — with a topic that 


proves strangely appropriate for this review 
of science politics in the Netherlands, 


Belgium and Luxembourg: the matter 


of ‘‘strange attractors”, 

These are states in phase space towards 
which complicated systems may converge, 
somewhat like a ground state in classical 
physics, Eo 

So Belgian and Dutch science, it seems 





-~ to leave Luxembourg aside for the | 


moment — have converged along quite 
different paths towards the same strange 
attractor. Moreover it is one that seems to 


_.., afflict much of European science: a kind of 






a balkanization of science politics that ends 
up distributing government resources more 


than is good for the health of research — 
which, with some exceptions and caveats, 
often depends on the very inequitable 
principle of the best getting the most. 

But ‘‘equitable distribution” has 
developed to an extraordinary degreein the 
Netherlands, where until very recently only 
_ 7 per cent of basic research funds in the 
universities went through a semblance of 

` national peer review and where, of that 7 
per cent, perhaps only a quarter went 
through a really serious competition for 
funds. Despite government. attempts to 
introduce selection. hence a kind of 
scientific aristocracy, as recently as last 
November a tongue-in-cheek science 
. policy official said ‘‘we don’t like to make 
kings and queens here”. This was not 
‘treason against the Dutch Royal family: he 
was drawing attention to another 
honoured Dutch tradition, even 
distribution — a belief in a good solid mean 
value rather than peaks and troughs. 

This Dutch situation seems to stem, 
perhaps as does much of the Dutch 
character, from centuries of cooperation to 
drain the land and keep out the sea; and it 
was emphasized by the democratic 
-revolution in the universities in 1968. But it 
can also be seen as a Dutch version of a 
general European principle: that 
academics receive funds in. proportion to 
their academic-political weight. (Perhaps 
that in turn stems from the long pre- 
scientific history of academic bickering in 












Europe.) It is evident throughout Europe | 


that there are academic kings, and that — 
more than is the case in, say, the United 


plates — kingship does not necessarily | 


orrespond to ability or productivity. In 
the Netherlands, this principle has merely 
been reversed. In the Netherlands, 
university democracy — and the very fear 
of kingship — has merely spread the king’s 
rights over the whole academic com- 
munity. This then taxes the government 





Working Area GNP GNP 
population (103km2) ($ thousand per head ($ million) 
(million) million) ($) 
Netherlands 5.0 4i 106 23,000 2.6 
Belgium 4.1 31 79 21,000 2.5 
Luxembourg 0.16 2.6 4 25,000 1.5 
244 400 15,000 1.6 


| United Kingdom 26 


= or less evenly, or at least much more evenly | 


| government has made and is making moves to correct the imbalance. 
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Table 1 Gross national product (GNP) and population 






GNP per km? 





These figures demonstrate the relative economic weakness within the low countries of Belgium, in 
terms of per capita GNP, but the strength of the whole region relative to the United Kingdom. 


tener 


Table 2 National research and development budgets 


| Government Industry 
Total % GNP Defence Total % GNP 
($ million) component {$ million) | 
Netherlands 1,007 0.95 3% 986 0.93 
Belgium 333 0.42 0.3% 698 0.93 
United Kingdom 3,821. 0.95 50% 3,423 


0.86 





This table again shows a relatively poor performance by Belgium — in terms of government ok 
support as a fraction of GNP, which as Table 1 shows was itself low relative to the Netherlands. 0 
Allowing for the small fraction of the low countries’ spending on defence science, the Dutchresearch 
and development budget fraction works out somewhat higher than expected in an advanced country, 

and the Belgian slightly lower. There are no official science budget figures for Luxembourg, but an 
unofficial estimate puts government research and development at a miniscule 0.1 per cent of the 
Luxembourg GNP: most of the research there is applied research done by the steel and rubber 
industries. 


Table 3 Division of government research and development budget 












Human and > 


Applied research Applied research Fundamental Po 
in industry in agriculture research social sciences. 
Netherlands 14% 8% 56% 22% 
Belgium 35%, 6% 41% 18% 
United Kingdom 33% 8% 47% 12% 











This indicates the low weight given to industrial research support by the Dutch governmen 

the relatively high weight given to the social and human sciences in both Belgium ‘and the 
Netherlands. In the Netherlands at least, these sciences have been adopted enthusiastically: by 
government, the administration, and politicians as an aid to policy-making. And the Dutch neglect 
of industry in fact reflects the great weight of the so-called ‘‘big five’? companies in the Netherlands 
~~ including Philips, Shell and Unilever — which between them cover 70 per cent of Dutch industrial: 
research and development. The big five have been thought, no doubt correctly, well-able to look 
after themselves. The neglect, therefore, has been of Dutch small and medium size industry; but the 











Table 4 University research funds eas 


` s l : 


University University Proportion University University 
students research funds through research as % research funds 

($ million) research ofall national per student 

councils research and taught 
development ($) 

Netherlands 147,000 522 7% 25% 3,550 
Belgium 110,000 223 27% 21% 2,030 
United Kingdom 251,990 906 46.2% 11% 3,595 


Here we calculate the research funds available (including the research proportion of academic 
salaries) per student taught — a figure which gives a measure of the research intensity of the univer- 
sities compared with teaching. On this table the Dutch universities have nearly double the research 
intensity of the Belgian. This makes the Belgian universities look poor, but academics in Holland 
admit that their universities have been among the richest in the world. Other figures of interest: the 
small fraction of Dutch research funds that goes through research council peer-review, and in both 
countries the high proportion of university research as a fraction of all research and development 
{about double the fraction in the United Kingdom). These figures are based on the latest OECD 
science and technology indicators (1984) which refer to the year 1979. The figure of 46.2% for the 
proportion of UK university research sponsored by resource councils relates to 1980/81. 
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proportionally, in a kind of royal 
brotherhood. 

The problem is only slightly easier in 
Belgium, where funds have been dis- 
tributed more unevenly, and to some extent 


on scientific grounds — particularly since | 


the institution of a prime-ministerial ‘‘top- 
groups’ ” fund in 1970. However, a large 
fraction of funds has been distributed 
among the nominally six complete univer- 
sities according to what Belgians describe 
as “the theory of the four forces” — equal 
distribution between Catholic and non- 
Catholic, and between Flemish (the Dutch- 
speaking northerners) and Walloon 
(French-speaking southerners). 

As a result, then, professors and 
researchers in both countries, in bulk and 
on the average, have received their money 
more through mere queuing, more through 
the essentially political demand of ‘‘fair 
proportion’? than through scientific 
judgement. 

However, Belgium and the Netherlands 

are not entirely without systems of selective 


The Netherlands 


effects: as, for just two examples, with 


astronomy in the Netherlands. 


Moreover — and hence the headline | 


above — things are changing in the Low 
Countries. The well-worn 
crisis” is forcing drastic reappraisal of the 
equal-shares approach and, with very 
different mechanisms and effects, selec- 


tivity is increasing. The Netherlands is | 
making the closest approach to extending | 
peer-judgement in the basic sciences; | 
Belgium is failing in this, and at the same | 


time reducing its support of basic science. 


Both countries are increasing judgement at | 
the level of national and — in the case of | 


Belgium — regional politics. In this way, 
applied scientific and political criteria are 


encroaching very fast on the Belgian | 


universities, faster than is probably 
advisable. These different approaches and 


their consequent problems are outlined in | 
the following pages. CT | 


Shadow boxing with peer review 


THE most fundamental change facing 
researchers in Dutch universities is not a 
loss of funds — though they face that too 
— but an increase in national refereeing of 
what funds there are. This threatens (or 
promises, according to your point of view) 
to change the whole basis of support for the 
bulk of basic research in Holland — and to 
put a new policy instrument in the hands of 
the government. 

Until recently, over 90 per cent of the 
research funds received by the universities 
underwent no national review. The money 
was — and much of it still is — distributed 
at university level, by local research 
councils. These, with some exceptions, 
such as the Leiden council which has 
developed a method of selection based on 
citation analysis, find it difficult to make 
negative judgements about colleagues’ 
work. And even at Leiden, such 
judgements are painful: because citation 
analysis can be challenged; because council 
members are judging the work of friends 
met daily; and because — given the small 
scale of a single university — often the 


work to be judged is in a discipline far from . 


entirely understood by most council 
members. Asa result, of course, money has 
been largely distributed through a system 
of courtesy rather than quality. 

This may be gentlemanly; it may allow 
some rare lines of research to be followed 
that would otherwise be forgotten; but it 
leads to a loss of competitive edge, and it 
certainly does not suit times when money is 
short. 

Hence the introduction of a system 
called ‘“‘conditional financing’’, which 
offers a gold star — ‘‘protection’’ — to 
research projects that gain approval by 
national committees. 





But for the moment, although many 
gold stars have already been awarded, no 
one really knows what this approval — or 
the lack of it — will mean. For the time 
being, the money comes to all much as 
before: the scheme has been one merely of 
labelling, the marking of a cross on the 
door. It is the time, in Dutch research, of 
the phoney war. 

However, protection, says the minister 
of education and science Wim Deetman, 
does mean that a project will be exempt 
from further unforeseen cuts in university 
spending for five years. (Or at least, he says 
he will give that protection ‘‘all his political 


weight’’.) Moreover, the real selective war | 


among projects is to come: it will begin in a 
year or two. ‘‘Research has finally become 
visible as a separate element in the 
budget’’, said a spokesman of the ministry 
of education, ominously, and in future “‘it 
could be re-allocated between the 
universities’’. 

To some minds, this re-allocation, 
favouring some universities for research, 
is the whole purpose of conditional 
financing. But this runs hard against the 
Dutch tradition of equal treatment. A 
common plea is that the Dutch universities 
are really much the same: that there is no 
Harvard or Oxford. The fact is that there 


are variations, but no common pattern.. 


Take medicine, for example: one university 
has an 85 per cent success rate in the final 
examinations; another has under 60 per 
cent. But, says Professor Veltman of the 
Technical University of Delft “Its very 
difficult to find extreme differences, 
because from year to year we’ve always 
made sure we’ve had the same amount of 
money, the same procedure for attracting 
professors, and more or less the same 
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funding, and the occasional watering of the | 
best plants can and does have dramatic | 


of the doubt 


Prigogine’s own laboratory, and | rere 
| THe Dutch national research council fog 


‘economic | 
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ZWO gives benefit 






basic research, ZWO, judged two out of 
three projects submitted by universities 
for the protection of ‘‘conditional 
financing” (see below), and rejected one in 
five. But they claim they were only 
‘marginally involved”’ in the exercise. 
ZWO is familiar with the distribution of 
grants awarded by peer review. But the 
council had to adopt a completely different 
selection procedure, and new committees, 
to assess the conditional financing 
projects, says its director Professor R. van 
Lieshout. ZWO had no role in defining the 
nature of a proposal; nor how it should be 
judged; nor even in what fields the council 
should judge. “‘In that sense we were only 
marginally involved’’. The minister's 
instructions were ‘‘too loose, too open” so 
the ZWO judgements were made “‘on 
someone else’s terms of reference... | 
Which were not clear and sometimes | 


| contradictory... ”’ 


The minister imposed three conditions, 
of which the most extraordinary was that 
the review should not look into a project 
in depth. Rather, as ZWO saw it, the 
reviewers were only to investigate a group’s 
record, its potential, and whether its 
project was serious or window dressing. 

But very often all the ZWO committees 
(specially convened for the purpose) could 
do was assess records, for the projects 
themselves were defined so sketchily that 
assessors could not decide whether they 
were good or bad. ‘‘We could not consider, 
as usual for a ZWO proposal, who was 
going to do what when, whether the project 
was well-planned, whether the researchers 
had the right contacts abroad, whether 
they even had the equipment — the review — 
was much lighter. It was more a matter of 
trust, understanding, and giving the 
benefit of the doubt’’. 

Nevertheless says van Lieshout ‘‘Very 
often the people on the special committees 
knew the groups, what they had done and 
could do. So they could detect tricks, and 
fill in what was not on paper. So that’s why 
here at ZWO” — despite everything — 
‘‘the conditional financing reviews worked 
quitewell...7’. a 


OOPANNAAOASENANNAERTD IENAAT ANATAET: 





experimental facilities.” | 

However, Veltman admits occasional 
differences in quality ‘‘because in some 
places you have a very good man, or a very 
strong team’’, and it is exactly this kind of 
difference that conditional financing will 
emphasize. 






There is an unofficial target: that in an i 


university, approximately half its researc 
should be covered by conditional financing 
(that is, have won approval in the national 
committees), the rest coming unrefereed as 
before. But so far only about 30 per cent of 
university research has been subject to the 
scheme, so not enough research has yet 
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passed through the scheme to start re- 
allocation. When this happens, in two or 
three years’ time, universities that have 
gained few approvals will see their un- 
fereed research funds diminish in pro- 
rtion, and to those that have more 
approvals, more funds will be given. 

That is when the conditional financing 
fireworks may begin, not least because of a 
flaw in the whole system. The refereeing 
system for conditional financing was estab- 
lished in haste, and it is a rickety, untested 
Gothic structure, full of anomalies. The 
best and most obvious projects are getting 
through safely, but the middling and the 
unusual face a lottery. But the ministry will 
keep the system, based on ad hoc com- 
mittees in a complex of different non- 
governmental institutions, and a set of 
ambiguous instructions. 

According to the ministry, some things 
may be changed, but not the main 
structure. However, aspokesman admitted 
“We have to create more unity from 
subject to subject. Some judgements were 
prospective, some retrospective. . .’’. The 
ministry has been thinking of improving its 
guidelines. ‘‘There has been a problem of 
clarity in the decision-making.” But ‘‘we 
do not think in practise there were real 
problems. . . There will be fine tuning.” 

However the whole exercise was so novel 
for the Netherlands, it is no surprise that 
the fine tuning will, in some subjects, be 
more like a complete change of channel. 

In chemical engineering, for example, 
projects were at least initially assessed 
by pure chemists with, as one engineer 
claimed, irrelevant ideas of what chemical 
engineering research should be. And in bio- 
chemistry, a relatively new group in carbo- 
hydrates at the University of Amsterdam 
SR E E 

$- . there has been a problem of 
clarity in the decision making . . . 
SSO (or 
was judged, says a group member, on its 
publication record by a panel that knew 
nothing of the work or the group. 

The group failed to win approval. But, 
says the aggrieved group, the panel should 
have used prospective criteria as the 
research was building up, and suffered 
from a ‘‘blinkered attitude” to the im- 
portance of carbohydrates in cell biology. 
Moreover, the group has set about proving 
its case by collecting hundreds of letters of 
support, and independent referees’ reports 
on its work, from around the world. 

And beyond such hearsay, the ministry 
of education, aware of criticisms, com- 
missioned an external report on the assess- 
ment procedure. It was prepared by Jack 
Spaapen of the ‘‘Science Dynamics”’ group 

f the University of Amsterdam, headed by 

e English professor Stuart Blume, and 
details an extraordinarily varied and hap- 
hazard process of assessment. Spaapen 
studied the work of two assessment com- 
missions from the basic research council, 
ZWO, three international ad hoc com- 
missions, and commissions from the Royal 





a . 
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Stuart Blume of Amsterdam’s “‘Science 
Dynamics” group. 


Institute of Engineers (KIvI), the Royal 


Academy of Sciences (KNAW) and the 
National 
Organization (NRLO), 


Agricultural Research 


All adopted ‘‘very different” pro- 


cedures, which went beyond differences 
appropriate to tackling different subjects, 
Spaapen concluded. 
committees to arrive at consensus; some 
““committees’’ never met, but interacted 
only on paper, with decisions taken by the 
chairman alone; some fed back criticisms 
to applicants and suggested re-application; 
some even invited applicants to the review. 
Writes Spaapen *‘.. 
largely derived from a divergence between 
the [conditional financing] procedure and 
usual evaluation roles. Uncertainty as to 


Some used 


. these problems 


Universities 


UNTIL the mid-1970s, Dutch university 
researchers were sitting very pretty. The 
rector of the technical university of Delft, 
asked if the Dutch universities had been the 
richest in the world, replied, laughing: “‘Oh 
yes!” Buildings, equipment and staff were 
all available as needed. In Delft, there were 
two technicians for every researcher, ‘‘a 
figure you will not easily find elsewhere in 
the world.” 

Then the oil crisis led to the first budget 
cuts. At first the cuts were mild. The 
government (then socialist-dominated) 
opted for ‘‘restrained budget growth” of 
l per cent per year in real terms. In the 
universities, this became a little harder: a 
real-terms freeze. But this was just play- 
acting compared with what was to come. 

The new (conservative) government of 
1977-78 faced inflation. It sought real cuts 
— and the university budget shrank by 
l per cent. But these cuts were only in 
buildings, materials, research equipment, 
and computers; there were no sackings, 
and — according to a government spokes- 
man, the cuts posed ‘‘no problem”. But 
gradually the knife came closer to the bone. 
The ministry decided not to compensate 
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the precise function of their evaluation 
(and as to the consequences of a ‘‘no”’ ina 
given case) appears to have been 
common.” 

Perhaps as a result, rather few proposals 
were ultimately rejected (about 25 per 
cent), although the ministry claims that this 
was more than expected. 

Another problem is the fear of increas- 
ing governmental control of the otherwise 
highly independent Dutch universities. The 
conservative government has not hidden 
the fact that come re-allocation, it may 
indicate some priorities in this great swathe 
of university research over which it pre- 
viously had almost no knowledge and cer- 
tainly no control. And since the financing 
involved is direct, and the assessment pro- 
cedure so haphazard, since there is no 
organized buffer, no coherent policy- 
making research council, between govern- 
ment and spenders, the possibilities for 
control are great. 

To government, the opportunity must be 
very tempting: but Professor R. van 
Lieshout, director of ZWO (which controls 
the 7 per cent of funds normally peer- 
reviewed) reacts very strongly to this idea: 
“It is of course a very dangerous develop- 
ment . . . My colleagues in Germany were 
quite shocked when they heard this. They 
said ‘that’s the way it started in the 
thirties’. They’re very sensitive about such 
things there.” In fact, says van Lieshout, 
there is no serious intention of such 
political control in the Netherlands, but 
“‘sometimes things slip in a certain 
direction even if no one intends them to; 
you have to be very careful.” g 


Cuts concentrate the mind 


for inflation in 1979. Nor in 1980. Nor in 
1981. Then the first real pain: over and 
above the ‘‘inflation penalty”, in 1981 the 
universities faced a real budget cut — in 
personnel — of DFI 60 million (around 
2 per cent, just over £1 million per university). 

Then in 1982, the government demanded 
further, more sizeable cuts: another 10 per 
cent. Now the universities were in trouble. 
The ministry felt that savings could not be 
found on buildings or materials. The only 
place for further cuts was staff. 

The ministry adopted three main prin- 
ciples: 
@ First, the cuts had to protect research. 
So cuts had to be found in education: in 
reducing the teaching hours per student. 
(Which, says the ministry, was a high figure 
in the Netherlands.) 
@ Second, the cuts were not to be even: 
said an official involved ‘‘we had to iden- 
tify areas with the least and worst output: 
we had to make qualitative choices”. 
@ And third, the present (right/centre) 
government decided not to make these 
choices itself. 

So the problem was thrown to the uni- 
versities, who had always pretended each 


4% 





was equal to the other but now had to make 
distinctions among themselves — or face 
the minister making them himself. The 
bluff was called. 

Yet it took the universities only 6 
months, until March last year, to negotiate 
the 10 per cent cuts, and indicate where 
concentration (the elimination of depart- 
ments at some universities, or their merging 
at another) could take place. This was fast 
work. So had there been substantial agree- 
ment? 

“Yes”, claimed one rector ‘‘but it led to 
a lot of trouble within the universities, as 
the democratic councils did not agree with 
what the boards had done. . .’’. 

‘‘No’’, said the ministry, the universities 
had fudged a lot of issues. Minister Deet- 
man set himself the task of making sense of 
the universities’ proposals, and of reaching 
decisions which were, his staff claim, ‘‘very 
careful, but on the other hand very clear’’. 
After long consultation, in November last 
year the minister offered each university a 
contract, covering the cuts they would suf- 
fer and a politician’s guarantee of defence 
at that line. 

This was it, said the minister: there 
would be no further changes. Two univer- 
sity councils (the university parliaments) 
told their boards not to sign: Amsterdam 
and Delft. But Deetman has threatened 
that he will simply not pay for departments 
to be closed under his plan. His list includes 
34 departments, from the very small to the 
very large, which should be closed. Some 
departments, for instance geology at 
Leiden, are already closed. 

Overall, the cuts aim to save the ministry 
of education some DFI 280 million (£70 
million) from 1987. But on Deetman’s 
orders, the cuts went a little deeper, reach- 
ing about DFI 310 million to provide a 
surplus of DFI 30 million for redistribution 
on new research projects. Some of the sav- 
ings will go to biotechnology in Amster- 
dam; some will be used for a new pharma- 
cological research laboratory in Leiden; 
some will go on psychology; and some on 
informatics, mostly in support of a ZWO 
(national research council) foundation in 
Amsterdam. 

On the whole the government has pro- 
tected the provincial universities; so the 
universities of Groningen in the north, and 
Twente in the east, were ‘‘saved’’; they also 
had to economize, but less than the big, 
central universities in the ‘‘ring city’’ of 
Rotterdam, Delft, the Hague, Amsterdam 
and Utrecht where most Dutchmen and 
women live. As one president put it to this 
Englishman, ‘‘the general policy was that 
London can look after itself!”’ 

The University of Limburg, for exam- 
ple, will actually get some new depart- 
ments. ‘‘This is a political decision — I 
think that the academic Netherlands could 
easily do without that university” com- 
plains one “‘ring city” rector. Limburg is in 
Maastricht (in the southern tail of the 
Netherlands), rather distant from other 
universities, in an old coalmining region, 








LOW COUNTRIES SCIENCE 







meee 
eee 
sae 


= North Seu 





eLeiden PUtrecht 

























yaw 


wee Ne 
ofa.S> Eindhoven fe 
PR 
ae o g 





$ Maastricht 


Although not faced with Belgium's regional 
troubles (see page 507), the “ring city’’ of 
Rotterdam, the Hague, Amsterdam and Delft 
is looked on with envy by “‘provincial’’ towns. 


20 km from Aachen in West Germany. 
‘You get the ridiculous situation that the 
most expensive academic hospital in the 
world is in Aachen, and the most expensive 
in the NetherInds is in Maastricht, and you 
can see the one from the other — it’s 
ridiculous. It’s all to do with a decision to 
redevelop the area’’ says the complainant. 

As for the three ‘‘private’’ religious 
universities, very little of the religious ele- 
ment is left in them but they have some- 
times been able to make use of it during 
“concentration”. It gives them a certain 
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power, through religious connections, in 
parliament. For example the Roman 
Catholic university of Nijmegen was to lose 
Roman studies, but said this was impossi- 
ble because it was RC. But the Protestan 
Free University of Amsterdam had the 
choice of saving sociology or dentistry, and 
they chose the latter, and were defended on 
the choice, whereas on religious grounds 
the former was more arguable. It thus ap- 
pears that these universities simply use 
religion quite cynically, when it is useful to 
them. 

In many ways, then, Deetman has achiev- 
ed his aim — an uneven distribution of 
pain, although the unevenness has not 
always been defensible on academic 
grounds alone. 

But the story of university concentration 
is not over yet. The next problems to face 
the minister will come in the courts, where 
the government must defend seven particu- 
lar decisions. The most serious — or at least _ 


spectacular — concerns the justice of then.) 


closure of dentistry in Utrecht, the biggest 
dentistry department in the country and the 
biggest of all departments to be closed, 
saving DFI 20 million (£5 million). The 
closure has created much emotion, but the 
ministry won a first hearing of Utrecht’s 
case in a lower court (in private chambers). 

And there are still some other loose ends: 
in some subjects only the budget cuts have 
been defined: in sociology, economics, 
law, and medicine, including the academic 
hospitals, one of which — in Amsterdam 
— has been threatened. Deetman will 
decide in these areas this year if a depart- 
ment or two has to go. g 





Degrees on the dole — early retirements 


THERE are some 160,000 Dutch men and 
women with a degree. Of those, 15,000 are 
unemployed. University lecturers and pro- 
fessors are now adding to the figures, as 
budget cuts bite deeper. 

The Technical University of Delft, for 
example, has about 4,000 staff, of which 
1,400 are scientists. Some 600 people must 
go — and although the university can 
choose who should leave, strong university 
democracy will put greater pressure on the 
academic than the non-academic staff, the 
rector believes. 

Professors themselves are not exempt, 
and as a further, nationwide measure, a 
whole cohort of professors must retire this 
year. The retirement age for a Dutch pro- 
fessor falls this sammer from 70 to 65, to 
begin a 20 per cent reduction in full pro- 
fessorships in the Netherlands from 2,800 
to 2,260 over five years. A total of 150 over- 
65-year-olds will be leaving in August, 
most of them not to be replaced. 

But when it comes to redundancies, 
Dutch university staff benefit from being 
civil servants. The rector of Delft claims he 
often wonders whether he should take 
redundancy, because there are so many ad- 


vantages. A redundant civil servant may 
draw 80 per cent of his or her final salary 
for a long period, and may supplement this 
up to 100 per cent through a full-time job 
while part-time earnings (such as consul- 
tancies) are ignored. 

So the scheme is attractive — at least for 
well-established academics with good links 
with industry. But there is a drawback — 
government has been warned that it might 
not be able to pay, and that will have to 
lower the rates, or limit the number of years 
they pay. So, says the Delft rector, ‘‘that 
makes many people shy of retiring at the 
moment. . .”’ 

And says van Lieshout, director of ZWO 
“I don’t think it’s a very nice prospect at 32 
to be told now you can go home with 80 per 
cent of your salary, and you don’t have to 
do anything anymore. That’s not some- 
thing to look forward to.” 

But the early redundancies are ‘‘a m 4 
disaster” according to the president of- 
Leiden. People leaving are often too 
specialized to find work. ‘‘But if I look at 
the opportunity to cut dead wood... I 
think that in the long term we will have bet- 
ter universities.” go 
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A Better, More Reactive 
Chemistry 

SYSTEM 1 gives you fast, 
high-yield results, and the pre- 
ferred phosphoramidite chemis- 
try. SYSTEM 1 also includes con- 
venient reagent kits with all the 
high purity reagents and sol- 
vents needed, each specially 
packaged under inert conditions 
to maintain quality. 
Simple, Flexible Operation 

Just insert your program, re- 
set, dial-in the sequence and 
press AUTO and START for fully 
automatic operation. It’s that 
easy. You can write and store 
your own programs, take full 
advantage of newly developed 
chemistries, and tailor SYSTEM 1 
to your specific needs. 
Automatic Synthesis 
Monitoring 

SYSTEM | helps you perform 
DNA synthesis more confidently 


neers 


with its integral Coupling Effi- 
ciency Monitor. It records the 
release of the dimethoxytrity] 
(DMT) blocking group, a mea- 
sure of coupling efficiency. And, 
if the DMT level should drop 
below what you preset, SYS- 
TEM 1 will stop automatically, 
so you don't waste time or 
chemicals. 


And More Real Advantages 
SYSTEM 1 gives you greater 
safety with separate modules for 
chemistry and electronic func- 
tions. It's also available as SYS- 
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TEM 1+, the DNA Synthesizer 
plus a matched HPLC purifica- 
tion system. And, most impor- 
tant, it's a total system backed 
by expert service and applica- 
tions support, worldwide. 


For more information on the 
true value of SYSTEM 1, contact 
your local Beckman Represen- 
tative, or write: Beckman Instru- 
ments, Inc., 1050 Page Mill Road, 
Palo Alto, California 94304: or 
Beckman Instruments Inter- 
national, S.A., PO. Box 76, 1211 
Geneva 6, Switzerland. 
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The leading German publishing corporation, Gruner eI 
+ Jahr, has recently improved efficiency by installing a Philips 
MEGADOC information storage system for its journalists. 

This system—based on Digital Optical Recording pa 
techniques — allows 4,000,000 pages of information collected 
from over 200 international publications (such as 
The New York Times) to be stored on our optical discs. Any 
fact or event can be summoned up on a visual display in a 
matter of seconds. 

Esco Travel. one of Switzerland s largest travel agencies, 
with more than 300 branches throughout the country, have 
improved their service to tourists by installing an inter-active 
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computer system, making use of Viewdata techniques and 
LaserVision technology. 

Not only can all details of travel, flights. departure 
times and so on be given directly on the monitor. but also ful 
film information about hotels and resorts. So that the tourist 
can see exactly what he is booking before he decides. 

These are but two examples of how Philips serves the 
business community throughout the world. For more 
information about Philips expertise world-wide. write to the 
Philips organization in your country, or to Philips, 


VOA- 0217/N 7, Eindhoven, the Netherlands. 
Philips. The sure sign of expertise world-wide. 
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reliable partner for the scientific world 
offers you : 


- Broad range of biologically active peptides 
and corresponding antisera 


À - Large experience in custom synthesis of peptides 
__ - Complete line of hormones and corresponding antisera 
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A new tool for immunology research: 
Sterile and Lyophilized 
CYTIMMUNE™ Inactivated 


VIRUS 
REAGENTS 
LEE * BIOMOLECULAR 
Research Laboratories, Inc. 


$ Genetically inert: 
Noninfectious, nonviable, nononcogenic. 
Nucleic acids inactivated photochemically. 


Antigenically native: | 
Ideal for studies of viral immunology, | 
















The Road to Liberation 


Edited by Derek Richter 
institute of Neurology, University of London — 
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Anyune should find these glimpses of liv 
in other cultures intriguing.” 

“Enlightening for any aspiring scienti 
who thinks a scientific career is a logic 
progression from research post to lecturesh 


kaip? l i i Ar 7 E 
to chair. Georgina Ferry, New Scienti 


diagnostic and vaccine research, 
For use in vitro and in laboratory animals 

as immunogens and assay reagents. 
HERPES SIMPLEX, Types 1 and 2 
CYTOMEGALOVIRUS 
EPSTEIN-BARR VIRUS 
VARICELLA-ZOSTER VIRUS 
SIMIAN VIRUS 40 
Q are among more than seventy human and veterinary 
© viruses listed in our catalogue. Write for your copy. 
| Stratech Scientific Ltd. 

37 Mildmay Grove, 

2 London Ni l 
Telex:268048 Telephone: 01-354 2601 § 
OR HUMAN OR VETERINARY DRUG USE 
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This book draws together the personal and intellectu 
biographies of eleven women biomedical scientists. 
The individual stories are informative, fascinating, ar 
sometimes moving, and cover cultures as diverse as 
those of India, Iran, USA and the USSR. 


Please send orders or requests for 
further information to Carolyn Leuw 
Product Manager, Scientific and Medical Division, 
Macmillan Press Ltd., Houndmills, 
Basingstoke, Hampshire RG21 2XS, UK. _ 7 








“SCIENTIFIC | QA \ MACA 
& MEDICAL ) i: 


Circle No.66 on Reader Service Card. 









te ee ee ea 


Oe ee el ee N 


No.08 on Reader Service Card. 


E 


NATURE VOL. 309 7 JUNE 1984 


Going shopping 
for science 


iF 1968 brought socialism and democracy 

ithe Dutch universities, the 1980s are cer- 
tainly bringing reaction. But, remarkably, 
one ‘‘socialist’’ innovation is surviving: the 
science shop. Science shops offer a 
modicum of university facilities (time, ex- 
pertise, research) to anyone who cares to 
ask for it. 

Typical shoppers used to be trade unions 
or environmental groups, but the range 
was never limited. The most common 
clients (in Amsterdam at least) now appear 
to be women’s groups; the trade unions, 
while retaining interest in ad hoc questions, 
are pushing the shops towards more pro- 
grammed, project-oriented work. (There is 
a project, for example, centred on electronic 
banking and its effects on employment.) 

But science shops were once the leading 
edge of university radicalism: now they are 
commonplace. Every university has one, 
although the first (Amsterdam’s) remains 
the biggest, and they are recognized and 
supported by the university boards and the 
ministry. 

So how did they take root? More to the 
point, how was it that the shops’ founders 
— the familiar 1960s rag-bag of left-wing 
science students and lecturers — did not 
dissolve into factionalism, as such groups 
did in almost every other country? 

Loet Leyersdorff, one of the prime 
movers of the Amsterdam science shop, 
now on the staff of the Science Dynamics 
unit at the University of Amsterdam, 
believes there were several reasons, but 
most interesting among them were two: 
First, the trade unions gave very early sup- 
port to the movement, and were keen on 
practical results. And second, majority 

le in the shops’ management. There is a 
Strong tendency to compromise in the 
Netherlands, Leyersdorff explains, and 
this Dutch tradition is very strong in 
Amsterdam. ‘‘Even old-fashioned Marx- 
ists are ready to compromise,” O 
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Posters at the ‘‘Science Shop” in Amsterdam. 
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Tiny budget — broad spectrum 


THE Dutch have one research council, or 
coordinating body, to cover the whole of 


basic research — from the humanities to 
physics. Called ZWO, it is the only national 
body that allocates grants through 
thorough peer review (conditional finan- 
cing aside). This gives ZWO a special 
prestige in Holland. 

But ZWO has only a relatively tiny 
budget — covering, overall, about an 
eighth of Dutch university-level fundamen- 
tal research. According to a recent survey 
the 13 Dutch universities spend around 
DFI 1,650 million (£410 million) on re- 
search. The ZWO is DFI 200 million (£50 
million), about half of which is spent in its 
own independent institutes. 

But there is overlap: ZWO institute 
directors often teach in universities. So 
there is a passing similarity between ZWO 
and the French national research council, 
CNRS. ‘‘There’s exactly a factor 10 bet- 
ween us’’, laughs ZWO director Professor 
R. van Lieshout, a physicist from Amster- 
dam. ‘*They have 23,000 people, we have 
2,300, and there’s almost the same factor in 
budgets. But they have many more in- 
stitutes than us: for them, CNRS is prac- 
tically only institutes; here it’s 50/50.” 

But there is a cachet for a Dutchman in 
being funded by ZWO, as there is for a 
Frenchman funded by CNRS. “. .. we 
like to think so’’, says van Lieshout. ‘‘But 
it’s not true in all fields’’, he says candidly. 
‘“For instance in social science some people 
think we’re not helping enough and are 
funding the wrong things . . .’’. 

For historical reasons, ZWO is most pro- 
minent in physics. There are five ZWO 
physics institutes, which consume half the 
ZWO physics budget; the other half goes to 
university groups. Of university physics 
spending, some 30 per cent comes through 
the ZWO. In some fields — such as plasma 
physics — there is work only at ZWO in- 
stitutes. 

In biology, the Royal Academy of 
Sciences (KNAW) plays an important role, 
mostly in the ecological sciences, but, says 
van Lieshout, the KNAW institutes are on- 
ly loosely linked to university life, unlike 
ZWO institutes. 

There are no biological institutes in 
ZWO, however. The biologists did not 
want them, it seems. ZWO supports about 
20 per cent of all university basic biology, 
apart from its support for molecular 
biology through the chemistry division. 
(There are other substantial sources for 
biology through the agricultural university 
of Wageningen, through the medical 
research foundations. ) 

ZWO was founded in 1950, and began 
by integrating physics and mathematics in- 
stitutes established four years earlier. The 
main aim was to tidy up the funding of 
basic sciences. After 1950, ZWO began to 
create other institutes on the model of the 






physics institute (FOM) and the mathe- 
matics centre. First to have institutes were 
chemistry and astronomy; and ultimately 
ZWO was spawning foundations in sub- 
jects such as theology, literature, lingui- 
Stics and history. 

Recently the budget has been ‘‘stable’’ 
— which in practise, because of falling 
university budgets, has given it an increas- 
ing, although still small, part in university 
spending. Last year the council wona small 
real increase (1.5 per cent) ‘‘through a tech- 
nicality’’. 

But next year the budget could go down. 
The finance minister of the conservative 
coalition government plans a further large 
cut in government spending. It is ‘‘almost 
unavoidable”’ that the cut will hit ZWO, 
van Lieshout fears ‘‘because they’ve cut 
the universities already, and protected their 
research through ‘conditional financing’; 
so it’s very difficult for them to go back and 
Squeeze more out. They will be forced to 
ES eS a ee A Oe OS 

. . . in social science some people 
think we’re funding the wrong 
things... 


cut organizations that haven’t been hit yet. 
We're one of them.” If there are cuts, the 
first item to be affected will be the support 
of research students, he says. 

Neverthless, ZWO has optimistically re- 
quested an increase from DF1 200 million to 
DFI 204 million next year, partly to cover 
an increase in social science and humanities 
spending requested by the government; 
“Whether we can still have an increase for 
physics, medicine, biology and so on I 
don’t know. We’re trying to get one.” 
ZWO has also requested a DFI 20 million 
capital equipment budget (on top of the 
DFI 200 million). 

There should also be some money for 
ZWO in a recent, major government infor- 
matics plan: DFI 1,300 million (£325 
million) mainly on education in infor- 
matics from the kindergarten to industry 
— ‘*The whole population is to suffer from 
it!’’ 

Has 1.5 per cent been enough to keep 
ZWO at the top? Probably not, says one 
ZWO staff member. A few years ago ZWO 
physicists tried to quantify what increase 
was needed just to keep up with new experi- 
mental techniques: they came to 4-5 per 
centa year. But, says van Lieshout ‘‘Maybe 
our equipment budget was a little luxurious 
in the past here and there but it should not 
have gone down as far as it has.” 

ZWO needs to find cash to do something 
for LEP, for JET, to keep up its effort in 
astronomy, for apparatus for chemistry, 
and for a small computer or a computer 
link for the humanities and social sciences. 
ZWO is also seeking big equipment for 
research on surfaces: and would like to do 
joint research with the multinational 
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Astronomers spread far and wide 


“DUTCHMEN live in a small country and we 
have to collaborate to get anywhere’’, says 
the chairman of the department of astron- 
omy at the University of Leiden, Professor 
Harry van der Laan. Which may be one of 
the reasons why Dutch astronomy is so well 
known, particularly in the United States — 
where Dutchmen (mostly from Leiden) 
have headed many key facilities like the 
Mount Palomar telescope (for a long while 
the largest in the world), the astronomy 
departments of Yale, Harvard, and the US 
Naval Observatory (twice), and a Dutch- 
man (Oort, previously director of Leiden 
Observatory) was ESO’s founding father. 

But Holland spends less on astronomy 
than France, West Germany or Great Bri- 
tain, whether measured in proportion to 
either the gross national product or the 
population. And the country has fewer 
astronomers per head than the United 
Kingdom (the Dutch figure is comparable 
to the French and the German). The reason 
for the Dutch success, van der Laan sug- 
gests, is that Holland has had some great 
astronomers who have also created great 
Dutch schools (he mentions Kapteyn, Min- 
naert, and Oort). 

Their students found Holland too small, 
says van der Laan. So Dutch astronomers 
colonized the world’s telescopes and gain- 
ed a reputation. 

Moreover, in international collabora- 
tions Dutch astronomers have insisted that 
they win their share on the basis of research 
quality rather than any measure of fun- 
ding, which given the size of the Nether- 
lands would of course be small. In the col- 


laboratories in Holland (such as Philips, 
see page 501), with which links have been 
weakening over the past few years. 

Ten or twenty years ago it was obvious 
that there was a healthy job market in 
Dutch industry, so people in universities 
were often inclined to do work that was 
relevant, says van Lieshout. Also the com- 
panies toured round the universities look- 
ing for talent. ‘‘So as I put it there was a lot 
of contact research but not a lot of contract 
research.” For the past five years there has 
been less of a market for academics. There 
was a period when the universities took a 
dislike to industry; and now multinationals 
no longer seek to do all their research in 
Holland. So the links have weakened ‘‘and 
we must be very careful that they don’t get 
weaker.” 

Beyond mere finance, ZWO is expecting 
a re-structuring of its responsibilities and 
management, in a bill with which ZWO is 
not entirely happy. But the draft law does 
give ZWO the right to do applied research, 
a right it has sought for years. A small, 
young organization (STW) that now sup- 
ports applied research in the universities 
will come under the ZWO wing making one 
broader-based institution. 

Why does ZWO want applied research? 
“Well first of all no-one organizes that 


laboration with the United Kingdom over 
La Palma (in the Canary Islands) and 
Mauna Kea (Hawaii), under which the 
Netherlands pays a fifth the cost of various 
telescopes, optical and millimetre-wave, 
Holland pleaded strongly that it should not 





Harry van der Laan — backing collaboration 
with Britain. 


get a block allocation of 20 per cent. ‘I said 
we should compete on merit in the single 
allocation commitee — in which of course 
we will be represented by our scientists” 
said van der Laan. 

According to van der Laan the colla- 
boration with Britain has been developing 
“beautifully”, and has led to a ‘‘conver- 


properly.” TNO (the big Dutch national 
applied research organization) works in its 
own institutes and not in the universities 
(except by occasional collaborations). But 
ZWO, on its foundation, was denied the 
right to do applied research because of the 
existence of TNO. ‘‘That was a mistake’’, 
says van Lieshout. 

As for the rest of the ZWO restructuring 
proposals, all is not well. The government's 
proposal was submitted to ZWO, the 
Academic Council, the Royal Academy 
and the Council for Science Policy for 
comment. ‘‘But the government found the 
comments rather unexpected .. . strong 
and rather negative. Since then there has 
been silence.” 

The proposal is self-contradictory, 
claims van Lieshout. First, the government 
announced it wished to step back and not 
be directly involved with ZWO, while yet 
retaining some influence. But in the 
government’s detailed proposals, in- 
fluence increases. Van Lieshout is happy to 
accept influence ‘‘if there’s open dialogue 
between us; it’s OK for a scientist to take up 
a slightly different line of research that’s 
more interesting to government but just as 
interesting to science.” 

Present government influence take the 
form of an official representative of the 
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gence” of the work of other universities in 
Holland. The Dutch universities are now 
all collaborating to build state-of-the-art 
instruments for La Palma, whereas 
previously their efforts were much more 


scattered. 
As for ESO, which the Netherlands 


launched (the United Kingdom does not 
belong), ‘“‘it has had a long, slow, start 
partly because of the remoteness of the 
place (the telescopes are at La Silla in 
Chile), partly the trouble of having many 
European nations working together’’. But 
according to van der Laan La Silla is 
already ‘‘a real state-of-the-art observa- 
tory, a fantastic observatory”. ‘‘More and 
more’’ it produces the astronomy that it 
should. 

ESO was born in Leiden: Oort called a 
meeting of the half-dozen most prestigious 
senior astronomers in Europe, with the 
idea of collaboration, and the result was 
the launching of ESO. 

Van der Laan would like to extend Dutch 
cooperation with Britain and ESO. He 


would like to see Britain and ESO get — 


together, for the later 1990s, to build the 
next generation telescope. It would be a 
$50-100 million telescope, very important 
as a complement to the Space Telescope 
“and much cheaper. The total cost of the 
Space Telescope is now estimated to be 
$1,300 million, so the next generation tele- 
scope on the ground in 15 million class will 
cost only one tenth as much and will be 
astronomically just as important (in com- 
bination with the space telescope). ‘‘Since 
we are partners of the UK and members of 
ESO, we'd be happy to be a catalyst’’ to 
such an agreement, said van der Laan, [ 


government on the ZWO board. He has 
right of veto; but he never exercises it. In 
the proposed reform, the government 
superficially appears to want less, no morësdi 
than an observer on the board. Would this 
not reduce their influence? Said a ZWO 
man ‘‘They want to have their influence 
without committing themselves in the 
board of the organization. They believe 
they have more power as an autonomous 
partner.” 

“Ifyou want to make a caricature,” says 
van Lieshout “ZWO will think about 
science all by itself, and will come up with a 
proposal; the government will think about 
it and come up with its own proposal, 
listening to parliament and to public opi- 
nion; and then the two opinions, generated 
under their own steam, will be confronted 
and we will come to a consensus.” 

“Well our idea is that that is not a good 
way of doing it, and that it’s better to meet 
several times first on a lower level before 
you come to these views — and only then 


confront. But the government thinks it bet- jw 


ter to have the two lines separated and only 
confront at the end.” 

And in the detail of the proposal, it turns 
out that the minister will have to approve 
‘every detail’’ of the budget. At present, 
the minister approves only the total sum. 


+ 
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“Of course there was discussion, but there 
was no Official seal of approval on our 
allocation of the money. Now there will 
have to be.’’ If the minister disagrees, 
ZWO may have to make a new budget. 

As a further restriction, ZWO would 
have to consult the minister over any new 
international agreements. And on inter- 
national relations ZWO has a rather inde- 
pendent point of view. ZWO is reluctant to 
enter into generalized international agree- 
ments, and it has only three: for exchanges 
with CNRS (France), CNR (Italy) and the 
Royal Society (Britain). ZWO has been of- 
fered exchange agreements with, for exam- 
ple, the US National Science Foundation, 
but has decided against them because, says 
van Lieshout ‘‘that kind of agreement we 
can have anyway . . . we can send people 
anywhere. . . there’s no obstacle. And the 
universities also can do it on their own. So 
sometimes we don’t even use up all the 
possibilities under our agreements because 
people can find their way without us.” 

However, when ZWO finds there is 
already international cooperation going on 
— say among astronomers — then it is wil- 
ling to set up an international umbrella 
agreement that will make the collaboration 
official and ‘*keep the money flowing”. 
That is how ZWO reached an agreement 
with the British Science and Engineering 
Research Council (SERC) in astronomy 
and synchrotron radiation, to share the 
cost and use of British facilities, ‘‘only 
after it was quite clear that there was some- 
thing workable, a concrete and very well 
defined project that would fulfil its aims.” 
Says van Lieshout, ‘‘we’re very much 
averse to starting an agreement just to see 
how it works out.” 

ZWO has also managed to avoid paying 
large international subscriptions. So it does 


7 pay directly for membership of the 


uropean Molecular Biology Laboratory, 
although the question of continued 
membership ‘‘comes up all the time’”’ in the 
Netherlands. Equally for CERN, the Euro- 
pean organization for nuclear research in 
Geneva. ZWO does not pay the CERN sub- 
scription either, although “CERN was 
very much in the balance a year ago in the 
Netherlands ... but the minister went 
there and was convinced’’. 

The European Space Agency (ESA) is 
also outside the ZWO budget. Sois the cost 
of scientific satellites (such as the infrared 
astronomical satellite IRAS), which is 
covered by the ministry of the economy. 
But there will be no more national Dutch 
research satellites, the minister said: there 
is not enough interest in industry, so Dutch 
space scientists must concentrate on ESA. 

And they will do it through ZWO, as the 
Dutch space research institute, with a DFI 


50 million budget for the building of instru- 


ments, has just been put under ZWO con- 
trol. The move is ‘‘purely administrative”, 
van Lieshout claims. ‘‘But now we have the 
opportunity — if we want to and after a few 
years — to shift the balance between space 
science and other fields of astronomy. C 
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Half a minister better than none 


AFTER a ten-year experiment with a science 
policy minister, the Netherlands now has 
none. Or perhaps a portion: in the present 
cabinet, the function has been combined 
with education in the post of minister of 
education and science, now held by the 
scourge of the Dutch universities, Dr Wim 
Deetman. 

It was nota conscious decision to demote 
science policy — just a way of balancing the 
books of a delicate coalition of parties. 
But, says Mr von Spiegel, secretary-general 
of the directorate for science policy (which 
used to be the science policy ministry): ‘‘In 
Holland politicians are not interested in 
science.” 

Arguably as a result, and while Deetman 
was preoccupied with streamlining the 
universities, his captainless science policy 





In Holland politicians are 
not interested in science. . . 





directorate last year lost half its operational 
budget (originally DFI 70 million, som £17 
million), a flexible fund for direct stimulus 
of research and development, and one of 
the directorate’s most cherished instru- 
ments. (Otherwise it merely coordinates 
budgets under the control of other depart- 
ments and advises on science policy.) 

The loss occurred in a split which gave 
the directorate’s work in ‘‘technology 
policy” to a new office in the ministry of 
economic affairs (which deals with in- 
dustry). The new office also took on 10 of 
the policy staff. Thus von Spiegel and the 
remainder of his team find themselves 
rather exposed and isolated. And not only 
is the directorate preyed upon by the 
ministry of economic affairs, it is also at 
odds with the more bureaucratic depart- 
ment of eduction with which it is now com- 
bined. (The education department insists, 
in particular, on university autonomy, and 
even in the recent cuts largely allowed the 
universities to decide for themselves what 
to cut and what to defend. The science 
policy department style might have been 
different, but it was not allowed to play a 
significant part in the excercise.) 

The science policy department is there- 
fore being forced back into a more reflec- 
tive role: ‘*We will be less busy with opera- 
tional tasks, with execution, than before’’, 
says Tindemans. The directorate will con- 
cern itself with the long-term rather than 
the short. But it retains its powers to coor- 
dinate budgets, and the minister of educa- 
tion and science is able to use the depart- 
ment to establish science and technology 
policies that cut across departmental boun- 
daries — such as information technology, 
where the department has recently 
established a major new government ac- 
tion. That is a subject ‘‘of very broad im- 
portance’’, says Tindemans, bearing on the 
economy, education, health, public policy, 





and administration. Hence it made sense to 
give the definition of an informatics policy 
to the science policy directorate. 

The directorate’s DFI 300-500 (£75-125 
million) informatics plan makes proposals 
for the expansion of informatics education 
(at all levels); offers funds for research, 
especially in software, and for applications 
— for example the computerization of 
Dutch records of physical infrastructure 
(telephones, cabling, pipes and so on). It 
also deals with networking and ‘‘task dif- 
ferentiation’’ (somewhat difficult in 
Holland) between big centres and small 
ones, involving the introduction of big 
computers like Cray ls and Cyber 205s, 
where Holland has little experience; and 
deals with the transfer of academic exper- 
tise to industry. The acceptance of this 
report has been a science policy directorate 
success. 

Also, the directorate retains control of 
the applied research council, TNO. 

Intervention on departmental budgets 
and policy ‘‘will take more of our time in 
the future’’, Tindemans cliams. But before 
the departments quake in their shoes von 
Spiegel’s view is that such intervention 
would prove very difficult. 

The directorate is also managing an exer- 
cise to raise efficiency, and so cut spending, 
in some 60 government research institutes. 
Universities are included, but only as a 
point of reference. ‘‘We are looking at staf- 
fing and management of the centres” said 
Tindemans, in order to have an impact on 
the government budget for 1985. The sav- 
ings are to come to DFI 130 million (£32 
million) or about 5 per cent of the budget, 
less than the 10 per cent asked of the univer- 
sities. “We think we can do it’’, said von 
Spiegel. g 
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Dutch technology was behind the revolutionary 
design for the hull of Australia II, which took 
the Americas Cup from the United States last 
year. 





Biotechnology 
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Ambition and a track record 


THe Netherlands is planning to make an 
“explosive impact’’ on biotechnology 
within the next couple of years. And they 
may well do so, not because Dutch com- 
panies can lay claim to the world’s first 
genetically engineered vaccine (for pig and 
cow diarrhoea), and the first monoclonal 
diagnostic kit (which they can) but rather 
because the whole of biotechnical Holland 
is now, as one biotechnologist puts it, ‘‘in 
the start position’’. 

The keys are context, and scale. First, 
Dutch biotechnology is forming within a 
coherent, flexible, apolitical, imaginative 
and believable national ‘‘strategy”’ (to call 
it a plan would make it sound too central- 
ized and deterministic), in which basic 
research has a firm place. Second, 
although in a larger country such scheming 
can fail through excessive scale and, in par- 
ticular, poor communication with in- 
dustry, Holland is small enough that it real- 
ly has a good chance of creating ‘The 
Netherlands Ltd’’. (History and geography 
have made cooperation natural to the Dut- 
ch.) 

The strategy is the effort of asmall group 
of biologists and industrialists, the national 
advisory committee on biotechnology, 
which has been giving direct advice to the 
Dutch cabinet. Its chairman, the most 
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From a practical point of view 
a university can’t 
keep secrets... 


LL 


unacademic of academics Professor R.A. 
Schilperoort, plant geneticist of the 
University of Leiden, says the committee 
will wind up in May 1985, its work com- 
plete. The first real marketable products 
will emerge from the committee’s 
Netherlands Ltd, through the big com- 
panies, within one or two years, 
Schilperoort believes. One of the major 
product areas will be in waste-water treat- 
ment, he expects. 

The committee has asked the big Dutch 
industries in the area (including Shell, Gist 
Brocades and Unilever) what research they 
would like to be done in Holland, and who 
they would like to doit. ‘*All the companies 
are showing great interest. It’s very delicate 
— companies like to be very confidential.” 
But through individual, one-to-one con- 
versations largely with Schilperoort’s aide, 
who has signed a secrecy agreement, the ad- 
visory committee has got to know, at least 
in outline, all the Dutch companies’ plans 
in biotechnology. This makes sensible 
strategic planning on a national scale a 
reality — whereas in France, for example, 
similar moves by the socialist government 
were met largely by non-cooperation from 
industry. 

One problem has been the predominance 
of projects initiated by scientists rather 


than technologists, but there are moves to 
change this. The idea, Schilperoort ex- 
plains, is to orientate university and 
government laboratory research “ʻa little 
bit more to the market.’’ University 
research may be as fundamental as scien- 
tists wish but ‘‘It shouldn’t conflict with 
research in industry. . . we want to make it 
a source of results and people.” 

The committee does not want to create a 
biotechnology centre, believing that such 
places grow “‘sleepy’’. ‘‘Instead we make 
centres on certain themes, which have to 
compete all the time for funds.” Thus the 
committee has somewhat by-passed the na- 
tional applied research organization, 
TNO, which might on the face of it have 
been the focus of the biotechnology pro- 
gramme. 

“TNO got a substantial part of our 
money, we have stimulated their pro- 
gramme in biotechnology, but they will 
have to do better if they want to get 
more.... It’sgrowntoo big. . . it’s sur- 
prising . . . TNO was thought to be more 
commercially oriented than the univer- 
sities. ..”’ 

On international collaboration in bio- 
technology, the committee has an unusual, 
Europeanist attitude. ‘‘We like to colla- 
borate in areas in which we are strong. So 
we've chosen three areas for collaboration: 
agriculture, waste treatment and pollution, 
and process technology. It doesn’t make 
sense to collaborate from weakness. This is 
nationalistic. Collaborating from strength 
then we have a chance to be a strong conti- 
nent. If we only act at weak points we will 
never be strong!” This, says Schilperoort, 
‘tis our signal to Europe”. Bilaterally, the 
Netherlands is making plans with Switzer- 
land and Germany, and is in discussion 
with France and the United Kingdom. 

But back home, how far will this pro- 
gramme protect basic biology in the 
Netherlands against university cuts? ‘We 
are quite successful ... there are really 
severe cuts, but from the money we have 
now we can support a lot of research.” The 
committee itself has DFI 80 million to 
spend this year, and there is another DFI 30 
million to be granted through a special 
priority-area committee. ‘‘We are making 
corrections to the cuts in the area of 
biotechnology.” 

And Schilperoort, who has had a strong 
personal influence on the development of 
the Dutch biotechnology programme, 
believes in basic research: ‘‘Our basic 
philosophy is that we need excellent, well- 
organized basic research — otherwise you 
areout.... It’s very important to stimu- 
late the creativity and originality of funda- 
mental scientists, because you can’t predict 
what they will find; we should only say, 
why not try working on organisms a little 
bit different from E£. coli and see how far 


s9% 


you can g0... 
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As for posts — *‘that’s very important” 
— the committee would like to create uni- 
versity positions, in collaboration with the 
ministry of education; but only in the areas 
that will underpin industry’s priorities. 

There should be no secrecy in the univer? 
sities, the committee believes. Fundamen- 
tal research should be open research, says 
Schilperoort, both on principle and in 
practise. ‘You can’t oblige a member of a 
university to sign a secrecy agreement... 
who will pay the money if he is sued? . . . 
from a practical point of view a university 
can’t keep secrets.” 

But this is where the government applied 
research centres, like TNO, can come in. 
There, there are no problems of secrecy. So 
industry could transfer a successful, basic 





Chairman of the national committee, R.A 


university project to the applied centres for 
development. ‘‘And we are thinking about 
how to set up small companies, seeing what 
mistakes we can avoid . . .’’. In the small 
entrepreneurial companies established 
abroad, market research has often been 
weak, they have begun without clients, and 
many companies will just fade away. 

The Dutch programme is coming after 
the first wave of biotechnical excitement, 
but this very fact may give it an edge. There 
are many markets left, Schilperpoort 
believes. And it is the large companies 
which will lead the way. And they are pre- 
pared, having taken the biggest, most ex- 
pensive scale-up steps — *‘much more ex- 
pensive than a small amount of research”. 
For example, Shell and Gist Brocades have 
created a joint, DFI 300 million, biotech- 
nology laboratory. 

Such things, plus good links with theleg 
universities, will create the Netherlands 
biotechnology enterprise. ‘‘Our Dutch in- 
dustry is prepared . . . . They have good 
projects already and there needs to be a 
good, continuous, realistic flow...” 
And that, the committee is creating. O 


Schilperoort. 
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Philips 


LOW COUNTRIES SCIENCE! 


Too big for a cautious Europe 


By far the largest research organization in 
e Netherlands is not public but private: 
the 2,000-strong Eindhoven laboratory of 
Philips, the electrical equipment multi- 
national. And beyond Eindhoven, Philips, 
the maker of the technically brilliant but in 
marketing terms unsuccessful Laservision, 
the silver disk, also employs a further 2,000 
researchers Overseas in England, France, 
Germany, Belgium and the United States. 

Philips’ research budget of DFI 500 
million (£125 million) is more than double 
that of the Dutch national research council 
(ZWO). Its development budget is DFI 
1,500 million (£750 million), supporting a 
product range that began with light bulbs 
and now covers almost everything elec- 
trical outside power engineering. The com- 
pany is also the biggest employer in the 
Netherlands. Some 22 per cent of its 
“mployees are Dutch — but only 7 per cent 
of its sales. Eleven of its 12 divisions are 
managed from Holland, but its directors 
see the company as primarily European, 
with a quarter of its sales, half the factories, 
and two-thirds of its employees in Europe. 

Philips’ greatest single research strength 
is in materials, claims Philips vice-presi- 
dent for research Dr A.E. Pannenborg. 
The original lamp research was the investi- 
gation of materials under extreme condi- 
tions. From there Philips invented ferrites, 
had a flying start in transistors, works now 
in ceramics, metals, glass, fluorescent 
materials, semiconductors. In fact, 
breadth is one of Philips’ greatest strengths 
— the development of Laservision embrac- 
ed lithography, precision mechanics, op- 
tical technology, servotechnology, plastics 
and more. But yet, Philips is broadening 
Still, by setting up a joint venture with the 
American communications giant AT&T on 
digital switching, aiming first at the Euro- 
pean market. The objective: economies of 
scale in the development of equipment. 

In telecommunications Philips’ markets 
were not big enough. Inevitably, perhaps, 
the company has done well in the Nether- 
lands, ‘‘and we've filled Saudi Arabia to 
the point they’ve got telephones on every 
palm tree’’, says Pannenborg, . Philips also 
has a market in the old Dutch colony of In- 
donesia and a modest position in Peru. 
‘“‘But if you add up our markets, we can’t 
bear the costs. We were very happy that 
AT&T was available. We are complemen- 
tary.” AT&T has marketing in the United 
States, and Philips has competence in the 
worldwide CCITT standards, which the 
enormous American market has previously 

een able to ignore. 

Cooperation with other companies in 
Europe, however, is developing only slow- 
ly. But the European Commission exercise 
on coordinating European research on in- 
formation technology, Esprit, was a big 
step forward. 

On academic cooperation, Philips’ re- 


search works almost independently of the 
Dutch universities — except for staff, 
which are recruited young, spend 5-10 
years in the research laboratories and then 
move into the product divisions. The 
average age in the Eindhoven laboratory is 
rising a little, but there is a firm policy of 
moving people on, in order to be able to 
recruit up to 200 graduates a year. 
Nevertheless, Philips does not go in for 
contract research with the universities, or 
other outside laboratories in Holland.- 
There were more links before the university 
““revolution”’ of 1968-69 but then the com- 
pany pulled back — as did the universities 
A EEE Se rane a 
- » » most of our competitors have 
died in the struggle. . . 
eS ee ee ee ee ag 
at horror in involvement in matters com- 
mercial — and since then the two sides have 
been drifting further apart. There is now a 
new climate of willingness in the univer- 
sities to cooperate, but, says Pannenborg, 
“‘The quality of university science is fair 
but not particularly good in this country.” 
The ‘‘egalitarian wave” of 1968-69 led toa 
reluctance to develop centres of excellence. 
So there are very few places in Holland with 
which Philips would really like to cooper- 
ate. On the other hand, in computer aided 
design Philips has ‘‘intense and effective 
cooperation’’ with the Flemish university 
of Louvain over the border in Belgium. 
But despite its arguably world-class 
research effort, which to some extent justi- 
fies its disdain of Dutch university re- 
search, Philips profits remain, to quote 
vice-president Pannenborg, ‘‘unaccept- 
ably low’’. The problem, he says, is less 
with Philips than with the conservative, un- 
adventurous European customers. If 
Philips in Europe is healthy, says Pannen- 
borg, then Philips is healthy worldwide. 


But in Europe ‘‘we lack the leading-edge 
customer. It makes life damned difficult!” 
Thus the true strength of America’s Silicon 
Valley, claims Pannenborg, is not that 
there are so many highly competent silicon 
foundries, but that these foundries ‘‘are 
embedded in a place where you have the 
leading computer manufacturers, the lead- 
ing weapons systems people, the leading 
automation people of the world who suck 
the products out of these foundries”. By 
contrast the weakness of Europe is the 
cautious, reticent, non-innovative, wait- 
and-see attitude of the customer, whether 
institutional or individual. Nevertheless 
“if you look around Europe, we’ve done 
quite well. In fact most of our competitors 
have died in the struggle.” 

However, according to some outside ob- 
servers Philips also suffers from a number 
of structural problems, the first being the 
separation between the research and pro- 
duct divisions which (say the critics) has al- 
lowed research to get carried away with its 
own ideas. Philips claims to have cured that 
problem recently by introducing more in- 
teraction. And some in Philips will admit 
that, perhaps, the quality of Philips’ 
marketing does not match up with the 
quality of its research. Philips could do 
with a strengthening of **strategic 
marketing’’ — the kind of thing that might 
have taken into account at an early stage 
that the consumer was not going to be too 
interested in a video disk (Laservision) that 
could play but not record, however 
beautiful the technology, when it came on 
the market long after recordable video- 
tape, and at a higher price. Philips is now 
working on home recording onto the disks, 
but there is a problem of stability of the 
record, and marketing tactics are now hav- 
ing to shift to the much smaller **profes- 
sional’’ market. But perhaps, with a little 
more awareness of real markets, and alittle 
less complaining about the backwardness 
of European consumers, Philips still has a 
bright future. B 





THESE images of an adult 
head are another product of 
the Philips research effort. 
From the laboratories in 
Hamburg, West Germany, 
they represent the first 
2-tesla images of the human 
head by nuclear magnetic 
resonance imaging. 











Belgium 


LOW COUNTRIES SCIENCE 


Universities poor and divided 


UNIVERSITIES everywhere are struggling 
for money and posts. But the six full Bel- 
gian universities can claim a certain notori- 
ety — as an extreme case. 

The chief administrator of the national 
research council (FNRS) claimed recently 
that Dutch researchers have twice as much 
money for research as Belgian, and the 
French four times as much, and although 
‘*money for research” was left undefined, 
figures do show, for example, that Belgian 
university research funds, per undergradu- 
ate student taught, are less than half those 
in the Netherlands (see Table 4, page 
493). 

The best basic research survives, much 
of it only by shifting emphasis heavily 
towards the applied sciences. The national 
government has been supporting applied 
science with fashionable zeal — although 
some responsibility for applied science has 
been transferred to regional governments 
established in 1980. (One of these, 
Flanders, is taking up the task with particu- 
lar excitement, with Wallonia a close se- 
cond.) But in ten years there will be no new 
science in Belgium to apply, say many 
voices, as the basic sciences are more and 
more neglected... . 

Another course for certain lucky groups 
is to hang on to an unreliable lifeline 
thrown by the late prime minister Théo 
LeFévre back in 1970. This is a prime- 
ministerial fund for ‘‘excellence’’, the 
“concerted action’’ programme (the ‘‘con- 
cert” is with the government). The pro- 
gramme, as conceived by LeFévre, offered 
temporary relief to important groups 
whose costs were rising too fast for the 
standard funding mechanism to cope. 
(Their budgets — even those of FNRS — 
are keyed to student numbers.) But tem- 
porary has become permanent, and many 
important groups now rely on concerted 
action funds to do their basic work; while, 
nevertheless, the continuance and alloca- 
tion of the funds is unpredictably tied to 
government policy. 

Yet despite the troubles, Belgian science 
is strong: molecular biology, in particular, 
has a worldwide reputation, and can boast 
two Nobel Prize winners since the Second 
World War (of which Christian de Duve, 
the discoverer of lysosomes, is still active 
with his international Institute of Cellular 
Pathology in Brussels). Physicist Ilya 
Prigogine is another renowned and 
energetic Belgian Nobel Prize winner; he 
also works in Brussels. 

But there must be a question as to 
whether such success could ever recur in 
present conditions. The big slide began in 
1976, when the Belgian Government began 
to seek savings on university spending. At 
the University of Ghent, for example, 20 
years ago salaries accounted for only 70 per 
cent of income, with the remainder used 
for research. (This was the so-called ‘‘first 


stream’’ of research support, distributed 
within the university by a local committee 
as in Holland.) But now some 90 per cent of 
the budget goes in salaries; so the flow in 
the first stream has slowed by a factor of 
three, to a mere trickle. Said Professor 
Jean Brachet, biologist at the Free Univer- 
sity of Brussels, ‘‘I was once on a commit- 
tee here distributing money for apparatus. 
But now I’m told it’s almost useless to go to 
the meeting because there’s so little money 
to distribute.” 

As for posts, the universities face, since 
last year, a demand to make 10 percent cuts 
in academic staff over the next seven years. 
According to Ghent plant geneticist Pro- 
fessor Marc van Montagu, in practice his 
faculty has made no permanent appoint- 
ments at all for the past two years. (The 
same is true at the Catholic University of 
Louvain-la-Neuve, according to the dean 
of science there.) Says van Montagu: 
‘Now we have to handle the university like 
ahigh school: if we’re short of a biologist to 
teach a course we have to ask a chemistry 
teacher to do it: we’re reaching that 
level... The problem of jobs is hitting pro- 
fessors as much as assistants.” 

And to add to their relative poverty, the 
universities suffer a special Belgian pain. 
Like all Belgian institutions, they face 
increasing rifts and tensions between the 
Dutch-speaking north (Flanders) and the 
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French-speaking south (Wallonia). Four of 
the universities even make bad worse, as 
they suffer from a further historic division 
between Catholic and non-Catholic. As a 
result Belgian academic funding is all bu 

divided into four equal pieces. Certainly 

is divided in two — Flemish and Walloon 
— thus hindering the selective distribution 
of meagre resources. An exercise such as in 
the Netherlands, where the universities 
were ‘‘concentrated’’, departments closed, 
and people sacked — according to what 
were at least nominally judgements of 
quality — would be inconceivable in 
Belgium, as it would be far too inflamma- 
tory in regional or denominational terms. 

Further, while the mobility of academic 
staff throughout Europe is bad, mobility in 
Belgium is nil. A budding researcher who 
arrives at a university at 18 is likely to stay 
there for life — if he or she is lucky enough 
to get a post. 

But to take a somewhat Machiavellian 
view, there is one good side to all this: the 
near-anarchy has allowed certain prag; 
matic researcher-princes to establish their 
city-states. Just as princes raise taxes 
wherever they have influence, so do these 
researcher-princes raise funds; and the 
luckiest, most pragmatic and most 
persuasive may thus have been able to 
accumulate a greater relative income than 
they would have done if policy were more 
centrally controlled. Thus there is a greater 
presence in Belgium of centres of 
excellence than there is in neighbouring 
democratic Holland. go 





Actions concertées — lifeline of the strong 


IN the 1960s Belgian basic research was 
funded well enough through the university 
budget with grants from the national 
research council (FNRS). But towards the 
end of the decade molecular biology, and 
some other sciences, outgrew these funds 
— and Prime Minister Théo LeFévre 
started a fund, dubbed ‘‘actions con- 
certées™ or ‘concerted actions”. 

The grants, beginning in 1970, were sub- 
stantial and highly selective: the aim was to 
support excellence and only the strongest 
groups received them. They lasted five 
years at a time and could reach BF 10 
million a year (£125,000), compared with 
university funds which were rarely more 
than a tenth of that for supplies. One 
microelectronics laboratory — at the Cath- 
olic University of Leuven — increased its 
size tenfold in this period. 

But will they last? Staff at a key labora- 
tory in molecular biology, at Rhode St 
Genèse near Brussels, founded by Pro- 
fessor Jean Brachet, have their fears. 
Brachet has retired, and now the contracts 
are decreasing; ‘‘and we are told that in two 
years they will finish’’. According to 
Brachet himself ‘‘the action concertée has 
not been the main source of funding for our 
applied projects, but in a field like embry- 
ology, when the action concertée is finished 





it’s the end.” 

However, Brachet is not too perturbed: 
the science policy programming office of 
the prime minister that distributes the 
grants ‘‘say they want new projects — but 
I’ve been involved before in helping distri- 
bute the money and while they say every 
time its the last time, they continue. There 


Jean Brachet — optimistic despite budgetary 
pressures 
are not so many groups of this size and 
quality in the country.” 

Incidentially, Brachet also met th 


2 


famous LeFévre, who many in Belgium * 


regard as having saved basic science. “He 
realized’’, says Brachet, ‘‘that to get people 
into research of any kind was an investment 
for the country, even if in the long run he was 
interested in boosting applied research. ( 
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"Industrial research council 





~,ARSIA, the Belgian national council for the 
: stimulation of research in industry and 
‘agriculture, is a good deal more than it 
might seem from its title. Contrary to 
expectation — given Belgium’s current 





political attachment to applied research — 


IRSIA plays an important role in maintain- 
ing the fundamental sciences. 
Universities depend on IRSIA for 


research studentships, even in the most . 


basic sciences. (IRSIA merely limits the 
field to ‘‘science’’, in the English sense of 
the word.) The council provides 600 such 
grants a year, awarded on the basis of inter- 
views, compared with the mere 100 from 
the national (basic) research council, 
FNRS, which are offered to those with the 
best marks in first-degree examinations, 
and cover all academic disciplines. 

æ IRSIA conducts 900 interviews for the 
studentships at its headquarters in Brussels 


ships, which are few, IRSIA claims to cover 
80-90 per cent of students working 
seriously for a PhD. 

But why should an applied research 
council take on such a job? It seems the 
object — which dates back to the council’s 
post-war foundation — is to provide 
research-trained scientific manpower for 
industry. And IRSIA’s view is that 
‘research’ requires a certain state of mind, 
a certain approach, that must be learned 
before a student considers application. 

It is possible to doa PhD in Belgium with 
grants paid neither by IRSIA nor by FNRS, 
but by industry. But, says IRSIA’s director 
Dr J. van Keymeulen surprisingly: ‘‘this is 
not the best way to do it: then you have to 
—gproduce some applied results ... but a 
PhD is something else. . . an education”. 

All TRSIA asks of a professor proposing 
a candidate for an IRSIA studentship is 
that he or she must guarantee that the 
subject will lead to a doctorate. IRSIA 
claims to take no control over the subject 
matter of the PhDs, although this 





occasionally requires a- lit le heart- 


searching. For exampl 





ourselves several times what the students of | 


Professor Prigogine [Nobel Prize winner in 
irreversible thermodynamics]. would do 
after that training in theoretical physics. 
But none of his ex-students is unemployed! 
So their training was very good because 
their scientific environment was good — 
not only Professor Prigogine but his co- 
workers also. I don’t say the subject is of no 
interest — but it is important on the second 
level. The environment in which you live — 
that gives you your training.” 
; Nevertheless, the system might not have 
= survived if the studentships had not also 
acted as IRSIA’s antennae in the university 
system. ““They give us a very good idea 
what is going on in the university lab- 
oratories”. They account for only 10 per 
cent of IRSIA’s turnover; but the rest con- 






back to 19 


“every year. Apart from university assistant- | 
university (or having just finished a PhD), 
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‘recipe for success 


sists of various forms of aid for industrial 
and agricultural research, much of which 
finds its way back through joint projects 
into the university system. There, the 
studentships help IRSIA management 


keep in touch with who’s who and what are 
| present research trends. 


But is all this not just rationalization of a 
historical circumstance, that the university 
PhD system began to depend on IRSIA 
grants? Is it truly a policy? ‘‘That takes us 
”, explains van Keymeulen 
“when IRSIA was created out of the 


boys’’ — although it is an equal 


opportunity offer. Science and budget | 
minister Philippe Maystadt has established 


a budget of BF 900 million (£11 million) 
intended for younger students, just out of 


to work in fundamental research and learn 
techniques that would or could lead to 
industrial application. 


Each grant lasts a maximum of three 


years. But if the person is hired by industry 
within that period, the laboratory has the 
right to hire someone new, again for three 


years. H the person is not hired by industry, 


they lose that position. 

These are not postdoctorates — nor 
PhDs, although it is not excluded that a 
doctorate could be earned — but research 
training exercises lasting 1-3 years. 
Students on the biotechnical part of the 
programme, for example, have to learn the 


techniques of the kinetics of immobilized 


enzymes, or cloning or other techniques. 
“It is a very intelligent programme”’, 
said one laboratory director just after a 


candidates for Nobel Prizes. 





FNRS. FNRS’s job was mainly to sustain 
professors. . 


really underdeveloped in research and 
development. All we had was universities. 
The IRSIA idea was to create something in 
industry — and we needed the people.” 


This historic role has become bigger and 


bigger. 

But was it never the role of FNRS? “No, 
They selected the very best people, . . the 
We had 
another group. We said we wanted good 
people, who could give good service to 
industry. That was our role,” a 


| New studentships plus job in industry 
THEY are being dubbed the ‘“Maystadt | 


telephone call telling him he will have five 
of the posts to distribute. “It’s really use- 


ful, as you will be able to get on with your : 


own work on the condition that you give _ 


training to someone in basic techniques.” 
And Maystadt’s project, in fact, covers a __ 


lot more than biotechnology — a whole. 
range of scientifically and technologically 
interesting fields. . 
However, not everyone is so pleased with 
the idea. The students must be young — 
they must never have had a job before. 
*‘And”’, said another recipient ‘‘in every 
contract we get nowadays it says that any 
result that derives directly or indirectly 
from the work will belong to the Belgian 
state. These people get BF 100,000 a year, 


about a third of what they need to work. in 
genetic engineering, just for materials, so oad 


you have to find another two thirds. Bu 
each source of money says that everythin 
that will be done belongs to me. . . And in 


some cases in these grants they forbid pub- . 


lication.” 
**But — these are 200 po om and that 


must be ‘basically good. . -EE 





Research opportunities 


No room for manoeuvre 


Ir is still possible to do a PhD in Belgium, 
although the number of grants is falling. 
But at the postdoctoral level? The constant 
refrain is that there are almost no postdocs 
in Belgium. 

Universities can create permanent assist- 
antships, but a law of 1976 restricted the 
number to below 40 per cent of the total 
number of assistants; and most universities 
have already exceeded that figure. “We 
have had no new posts at Louvain-la- 
Neuve for two years — at any level, in any 
faculty’’, according to Louvain-la-Neuve’s 
dean of science, Pierre Macq. 

At the same time, fewer students are in- 
terested in staying on for a PhD. For 
example, in 1983 a dozen new graduates 
from Louvain-la-Neuve sought research 
studentships from the national research 
council, FNRS; but in 1984 there are only 
four applicants. ‘‘It’s a general situation: 


people don’t believe in the future. The 
funds are going down but the demand jis. 


going down also”’, says Macq. 


In Belgium, there is nothing like the 
French CNRS, or the British research 
councils, to provide postdoctoral. posts 
outside the university system. FNRS has 
no laboratories. It has a few coveted per- 
manent posts, but these — intended to be 
Stop-gaps but already 12 years old — are 
almost vanishingly few and offer no career 
structure. To compare with the French 
CNRS, there is no level of ‘director of. 
research’ which ‘‘makes life ‘uneasy’ foran 
ambitious young scientist’’, says Brachet. 

Even so the competition is ‘‘incredible’’ 
for these positions. Says Professor Nicolas 
Glansdorff, a Brussels microbiologist ‘‘It 
has become almost impossible for a good 
— let’s not say excellent — researcher to get 
one of these posts. If you look at the curri- 


. We aimed to sustain pro- 
jects in industry and agriculture. And we _ 
gave scholarships. (We started with 10.) — 
We needed the manpower: Belgium was 









culum vitae of the winners you would say 
that most of them should be professors — 
and more than that for some of them. The 
problem is that in Belgium where the scien- 
tific level is quite good, we have each year 
maybe 15 people who’ve published in 
Nature and Cell and PNAS competing for 
one post! It’s completely crazy.” 

So the unlucky ones in Glansdorff’s lab- 
oratory — some of them in their 40s — live 
year by year, go on unemployment benefit 
for a time, come back again — ‘‘it’s really 
traumatic for them’’. 

At FNRS, these life fellowships are des- 
cribed as ‘‘the nec plus ultra’’. Yet they 
were introduced only as a ‘parking lot’ 
when university posts began to tighten up 
in the early 1970s. It was intended that 
universities would absorb them when the 
situation eased. 

But the situation never did ease. ‘‘Now 
we have acompletely new and very difficult 
situation’, says Brussels engineering pro- 
fessor André Jaumotte, who was FNRS 
president when the posts were created. 
“FNRS has reached the maximum number 
of posts it can fill, limited by its budget. 
This year, in the University of Brussels we 
have no more than four posts of our own to 
fill; at FNRS there are three posts on the 
French side in all subjects. We are blocked 
at FNRS... at university... and we 
have the economic crisis.” 

‘*It’s very very difficult now to get a new 
man into research. . .’’, says Jaumotte. 

The FNRS scheme began with ten 
Flemish and ten French posts, in all 
academic fields. Later it declined to seven 
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Flemish and six French, because Jaumotte 
had imposed the sensible rule that if a 
university failed to give the fellowship 
holders a job, then they could not get any 
more such posts. FNRS had relied on the 
universities taking them up. It was not 
supposed to be a career position — but it 
has become one. In 1984 FNRS will have 
six Flemish and three French posts to offer 





Fifteen people who’ve published in 
Nature, Cell and PNAS competing 
for one post... it’s crazy 


a 
— plus another two or three on the Flemish 
side where some universities are expected 
to give some existing holders posts. The 
uneven division between the regions is a 
consequence of the fact that the Flemish 
universities are younger and still growing. 

Inevitably, with so few posts to offer, 
particularly on the French side, intrigue 
begins to play an important role in 
decision-making. Says Brachet ‘‘When the 
last FNRS director died, they didn’t fill his 
post. So the council is now headed year 
after year by the rectors of the universities. 
There should be more independence, 
because finally it’s the rector in charge at 
the time who decides.’’ 

“For example when we try to get a 
researcher a permanent post, we do what 
we can in the committees, there are fights 
and so on, but there are more than 20 
committees, one for each field, each pro- 
posing candidates — and finally the rector 
in charge makes the selection in an arbi- 


In or out — a ‘“‘scandal’’ over EMBO 


BELGIUM’s position in the European 
Molecular Biology Organization (EMBO) 
and the laboratory (EMBL, in Heidelberg), 
is somewhat confused. The story begins 
with the Brussels biologist Professor Jean 
Brachet. A few years ago he was seeking to 
set up a national or international biological 
laboratory in Belgium, on behalf of 
Belgian biologists. He met resistance at 
every level, and ‘‘that’s why I was among 
the first to think about EMBO”. Brachet 
played an important role in the 
establishment of the organization. But 
amazingly, Belgium is still not an official 
member. And Belgium does not contribute 
to EMBL. 

“What happened”, says Brachet ‘*was 
that after pressure from our Nobellists 
Claude and De Duve the government 
admitted that EMBO would be a good 
thing, but they said that since EMBO 
planned to have a laboratory, and Belgium 
did not want a part in it, they could not 
join”. But they pay indirectly: they give the 
EMBO subscription to FNRS, which pays, 
but the Belgian state has no official place in 
the organization. 

This leads to a diplomatic anomaly. 
There should be an official representative 


council, but because Belgium does not have 
official membership, it has no such rights. 
Belgium sends the general secretary of 
FNRS, who is allowed to listen, but not to 
speak — the government, it seems, fears 
that becoming full members would mean 
coughing up for EMBL. 

And despite the original reluctance to 
establish the laboratory, Belgium does use 
EMBL. ‘“‘But we are really ashamed — we 
do not feel comfortable’’, says Brachets’ 
successor Professor Renée Thomas. 
“EMBO treats us very generously, in the 
number of people from Belgium who are 
elected and so on — chosen on scientific 
grounds alone. We have young scientists 
going to EMBL and they treat us as if we 
gave the money. It’s scandalous.” 

EMBO costs some BF 1-2 million, and it 
would be another BF 25 million for EMBL. 
‘Greece pays; Finland pays; we don’t. I 
asked Mme Dehaux, the director of the 
government science policy programming 
office: she said listen, ‘‘we haven’t even 
contributed to CERN (the European 
nuclear physics research laboratory) for 
two years; why do you want us to con- 
tribute to EMBL?” 

The CERN payments have now been 


of every EMBO state on the EMBO | made; EMBL is still waiting. C 


a 
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-—— 
André Jamotte, the man who introduced the 
“parking lot” posts. 


trary way. So you know that if your man 
has been classed first, the great thing is to 
work on the rector, and convince him that 
your man is the most excellent!” 

To put rough figures on it, FNRS has a 
five-to-one surplus of demand over supply 
for research studentships; and for per- 
manent positions ten to one. The Flemish- 
side administrator of FNRS considers that 
FNRS could double the number of research 
studentships without any loss in quality. 
“For the permanent jobs it’s awful. We 
could take 80 per cent of the applicants.” 

And without posts in Belgium, some of 
the country’s best young scientists are 
leaving — particularly from the French 
region to France, where posts and funds are 
much easier to come by. Said one Walloon 
group leader: “Two of my students are 
now chef de service at the Institute Pasteur 
in Paris, one is a director of the French 
genetic engineering company Transgéne, 
others are in Lille, Montpelier . . . There 
really is a brain drain.” 

Even some senior people are leaving — 
like plant geneticist Professor Jeff Schell 
who was nominated director of a Max 
Planck institute in Cologne and now comes 
in to his Ghent laboratory one day a week 
— ‘‘this is a part-time brain drain!’’ said a 
colleague. 

Another example of the problem is a 
researcher who as a student took a joint 
best first class degree in the Free University 
of Brussels. He was lucky enough to win a 
national prize for his thesis, which got him 
a permanent FNRS fellowship. He has 
been a year at the Massachusetts Institute 
of Technology, two years at Yale, and then 
came back. He might have expected a 
professorship — but the place he might 
have taken at the university, shortly to be 
vacated by a retiring professor, is to be 
abolished to save money. Anyway he 
would face the poor funding of science in 
Belgium. Now he has been asked by the 
French Institut Pasteur (Lille) to work in 
France. He would be able to take with him 
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-= three people for three years, with a per- 
manent post for himself. ‘‘It shows people 
have been well-trained here, at least...” 
commented a colleague. 

However, a senior official of FNRS, has 
sé More sanguine view. “It’s a very tough 
problem” he admits. ‘Ona first look, you 
would say yes, there is a brain drain, in 
absolute numbers. But is the final output a 






brain drain? I know a lot of people who 
emigrated to the United Kingdom or the 


United States, who have professorships | 


there, who are training Belgian students 
who come back and enter industry here — 
for example in solid state, bioengineering, 
molecular biology. There is a brain drain, 

but the effects may be positive in the long 
term.” E: 


anaana 


Research council 


Strength through division? 


THE Belgian national research council for 
basic research, FNRS, is divided in two, 
almost literally from top to bottom, 
Downstairs in its tall Brussels block sit two 
women, in identical uniforms, side-by-side 
in identical glass boxes. Above them are 
different signs: one reads ‘‘reception’’ in 
French, the other in Flemish. A visitor 
must be sure to speak to the right reception- 
_ ist: the first will connect you only to the 


pS French side of the council, the second only 
= to the Flemish. Money is divided just as 


automatically: according to a politically 
agree formula (called a key — Belgium has 
many keys), some 54 per cent of FNRS 
funds go to the Flemish side and 46 per cent 
to the French. 

Crazy? No, says an ex-president of 
FNRS, engineer Professor André 
Jaumotte (who is also ex-rector of the 
French-side Free University of Brussels), 
this a priori division keeps political, 
regional conflict out of scientific dis- 
cussions: given the key, ‘there is no 
possible argument about the budget, so 
you can discuss quality without compli- 
cations.” The system results in “some 
duplications . . . it’s not perfect, but it’s 
not so catastrophic”. 
~a The Flemish-side administrator of 
"FNRS also backs the division: because it 

provides independent referees. “Our 
boards of referees are composed of ten 





scientists, five French, five Flemish. T hey | 


advise as one body, but in two budgets. So, 
say, in discussion of a Flemish project, 
there are five French referees who are 
entirely independent; and vice versa. 

In fact, says the administrator opti- 
mistically, ‘‘regional divisions are not 
worsening the problems of Belgium — they 
help find the solution! I’m quite sure of 
that . ’. Belgium, geographically, is 
the south of the north and the north of the 
south. So, ‘‘two mentalities meet 
here . . . Here, in this very small country, 
Anglo- Saxon and Latin. attitudes stimulate 
each other. 

However, according to a Walloon 
biologist, the cultural division of FNRS 
spreads cash too thinly. *“Instead of 
‘backing a good group in one subject on one 
side of the country, and a good group in 
something else on the other, everyone is 
trying to do the same thing — every sum is 
divided.” This can mean constructive 
competition, though says the Flemish 
FNRS director, 





The FNRS formula of 54 per cent to 
Flanders and 46 per cent to Wallonia is not 
fixed. It is based on the numbers of Belgian 


graduate students in the two regions, and it 


shifts as those numbers shift. The trend 
favours Flanders. In the 18-30 age range, 
65 per cent are Flemish speakers and 45 per 
cent French, and university attendance is 


increasing in Flanders, whereas it has. 


stabilized in Wallonia. So the balance is 
shifting further and further towards the 
Flemish. It will: Ea stabilize at 
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about 60/40, the Flemish administrator 
believes, l 

But these ratios are very new. A decade 
ago, before the key, the French side used to 
dominate. ‘‘For a long while all scientists _ 
spoke French, even in Flanders, and there 
were few Flemish students until after the 
Second World War’’, claims particle 
physicist Professor Pierre Macq, dean of 
science at the (Walloon) university. of 
Louvain-la-Neuve. ‘‘So the Flemish. 
demand for grants from FNRS was low; 
for example even in 1970 Flanders had only 
30 per cent of all physics research in = 
Belgium, although the population was 60 
per cent Flemish.” 

But, Macq admits “it really was an 
anomaly”. So, at the beginning of the 
1970s, it was reasonable that the Belgian 
premier Théo LeFévre should determine to . 
give new funds to Flemish fundamental 
research, without decreasing the French — 
side, until the Flemish and the French sides 
were balanced. Only half the plan worked. 
The government established the key, which. | 
would give Flanders its fair share. But then 


FNRS — cream but no cash 


THE Belgian national research council 
(FNRS) has always aimed to provide for 
the cream of Belgian scientists, mostly 
through peer-reviewed grants and — for 
the past decade — through posts to be 
taken up in universities. It remains the best 
institution to which Belgian fundamental 
scientists can turn for peer-reviewed funds. 
But FNRS simply has too little money. 
And FNRS funding has declined. The 
budget of FNRS and its “associated 
funds” for medical research (FRSM), and 
inter-university and interdisciplinary 
research (FRSC) fell by 5 per cent in real 
terms between 1979 and 1983. Over the 


same period the nuclear and particle 


physics budget (another associated fund 


dubbed ISN) fell 16 per cent (excluding | 


international subscriptions). 

Contrast this with the applied research 
council IRSIA, which enjoyed a real-terms 
rise of 20 per cent, and the whole state 
budget which rose 37 per cent! 

So why has FNRS been neglected? In 
these political times in Belgium, one fact 
stands out. Since FNRS focuses on ‘‘qual- 
ity” and peer-review, politicians have no 
power to control its actions. Political 
power over other sources — such as the 
prime-ministerial funds (the actions con- 


certées), or national programmes (such as | 


one on energy research) can be much 
greater and so FNRS is forgotten. That 
may be the real reason why the FNRS 
budget has been declining steadily. 

Apart from posts, FNRS also gives small 
research grants to individual researchers — 
nominally from BF 50,000 (£625) to BF 
1,000,000 (£12,500) for 1 to 3 years. The 
very maximum is BF 1 million for one year 
but such sums are rare. According to Brus- 
sels biologists the sum of BF 500,000 





(£6,250) for a year would be ‘‘a big grant 

at FNRS. .. We got BF 50,000 for three 

years to work on the properties of a small — 

parvovirus . . . which is very little money 
. with no personnel”. 

"The budget for FNRS, excluding its 
associated funds, is BF 858 million. 11 : 
million) in 1984. Nearly 85 per cent of this - 
goes to studentships and fellowships. The E 
associated foundations have around BF 





2,000 million (£25 million) to play with. — i 
The funds of FNRS proper are tied to the bane 
university budget. By the 1971 university a 





financing law, FNRS receives a precise 4 


salaries) of the six complete universities, 2 | = 


“‘T've no definite idea what the comparable 
figure would be in other countries” saidan 
FNRS official “but it must be two or. three ee 


times higher.” nee 
If FNRS were lucky enough to ie Rous 
budget increase, how would it ‘Spend i?” 


| “Mostly on research students” said a - 


Flemish-side official | “to increase the 


quality and number of PhDs, for industry: | 
| as well as university life. Second, to 


research contracts, to stimulate inter- 
university and interdisciplinary work.” 


(The Belgian universities are very monoli- 


thic, and this would help to break the 
barriers.) “If the R in R&D has no basic 
component, then forget your applied, your 
development. We have to go back to basic 
research. This is not just special pleading. 
You must do the research, and train 





industry and come back to piks np. these an 
ideas.” er ry meee 

“We really need double the mo 
have now. Otherwsie I fear for th 





people of Belgium Der res ea 









— the PhDs — who will be able. to go out to o 


e future | oF 
— not just for the oe but forthe — 





was frozen. 

There was no new money to pay for the 
new Flemish share; so since the key had 
been agreed, the government could do 
nothing but decrease the French funding to 
pay for the Flemish increase. So while all 
Belgian scientists have had to face constant 
or decreasing funding since 1977, in the 
French part the problem has been much 
worse, Macq claims. ‘‘The objective was 
admirable” says Macq ‘‘but the result in 
Wallonia was disaster’’. 

Take fundamental nuclear and particle 
physics, for example. They are funded 
through the HSN research fund (an associ- 
ated fund of FNRS). IISN funding of 
research in Wallonia fell 20 per cent in real 
terms between 1977 and 1983, says Macq, 
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came a budget crisis; and the FNRS budget 


whereas Flanders saw a 24 per cent 
increase. In research council funds other 
than IISN, there was a net real decrease of 
11.5 per cent on the French side from 1977 
to 1982, but an increase of 1 per cent on the 
Flemish, according to Macq’s calculations. 


Macq also criticizes trends in the 


national fund for applied research, IRSIA. 
“The main goal of IRSIA in 1950 was to 
expand research fellowships in Belgium, 
because the number of PhDs was very low 
before and after the war, except in 
chemistry. But between 1977 and 1982 
IRSIA has increased 28 per cent in the 
industrial sector and 13 per cent in agri- 
culture, yet decreased 6 per cent in 
fellowships.” 

“When you see all these numbers — you 
see there is something wrong in Belgium.” 





Biotechnology 


Cooperation can 


BELGIUM is strong in basic molecular 
biology. It also has some strong pharma- 
ceutical and chemicals companies. The two 
are getting together under the wing of 
IRSIA, Belgium’s applied research coun- 
cil, in an innovative, unified scheme which 
breaks new ground for IRSIA, which nor- 
mally puts a single company together witha 
single university group when dealing with 
universities. 

Three years ago the council faced a rash 
of proposals from companies that were 
keen to start up in biotechnology. But they 
all wanted to associate with the same labor- 
atories — the good laboratories. They had 
seen, says IRSIA advisor Dr W. Degriek, 
that “something was going on in the uni- 
versities” and they wanted to join in. 


“They all needed to take the first step on — 


the learning curve, and they counted on the 
universities for help.” 

So IRSIA called them in and told them to 
take the first steps together. ‘“We said: you 
must all do the same first phase, and we will 
bring in only the best specialists from the 
universities — this will be cheaper and bet- 
ter than the individual projects you’ve pro- 
posed and you will all profit from it.” 

IRSIA did not restrict the programme to 
the companies that had applied, but 
launched a big campaign and added others. 
The universities then made a global pro- 
posal covering most of the companies’ 
needs. A ‘‘biotechnology club’’, now with 
33 member companies, was established. 
Members can introduce their own projects, 
but they have to show some “‘solidarity”’ 
with the ongoing, ‘‘more or less basic” 
research, preparing the future, training 
young people in that area. 

“So we realized two goals in the same 
formula: we avoided overlap, and we 
created a new and larger movement’’, said 
Degriek. IRSIA has been pleased with the 


results and has repeated the exercise in five 


areas of biotechnology: in fermentation, 
monoclonal antibodies, genetic engineer- 
ing, protein engineering, and production 







succeed 
of methane by immobilized enzymes. 

Research directions are guided by three- 
monthly meetings with industry, and 
IRSIA already has two patents out of 
“really high-level research.” 

IRSIA, excited by its success, sees this as 
a new system of support, which they could 
apply elsewhere. They call it the “common 
trunk” — from which branch specific com- 
pany projects. “It works really well for 
brand new technologies, where everyone 
works really well for brand new technol- 
ogies, where everyone still has to learn, and 
there is no competition yet.” 

Royalties from patents are to be distri- 
buted through contracts on which IRSIA 
claims to have done ‘‘marvellous work”. 


The contracts are very complex, because. 
IRSIA has had to link the interests of multi- 
nationals to those of very small Belgian | 
companies that have completely different — 


markets and possibilities. ‘“You have to 
marry them somehow. We think that’s 
been one of the successes, having been able 
to define a contract linking up that very in- 
homogeneous club.” 

IRSIA started one project in fermenta- 
tion in 1981; the formula became more 
precise in 1982; and the last project, in pro- 
tein engineering, was added at the end of 
1983. There are now three ‘‘common 
trunks’’ in robotics, two in speech process- 
ing, and one in artificial intelligence. 

“This is really where we really are bring- 
ing the universities in . . . it’s never been 
so clearcut until now . . . before, either a 
whole industrial sector had to agree on a 
single project, or it was with one company 
and therefore rather short-term. Now all 
the ‘‘common trunk’’ meetings are very ac- 
tive, there’s a big exchange of ideas, and 
the professors have really good support. 
They get posts, new specialists in their 
laboratories for a rather long period, not 
just one or two years.” 

“We really want”, said Degriek ‘‘to 
make the building blocks for the next 
generation’’. G 


a 


; l - i NATURE VOL. 309 T JUNE {9R4 





Science’s crisis 
The logic of 
application 





To understand Belgium one needs per- 


spective. A source of perspective is the 
Belgian national council for science policy, 
CNPS, which has just prepared its most 
important document yet — a set of 
proposals for solving the Belgian ‘‘crisis”’ 
in science (it is not too strong to call it that) 
over the next ten years. 

But every perspective implies a view- 
point; and some leading fundamental 
scientists in Belgium consider that CNPS is 
too beholden to industry, and too favour- 
able to applied science, for the health of 
basic research. As circumstantial evidence, 
the complainants cite an attempt to set up a 
council of the ‘scientific aristocracy”’, 
including Nobel Prize winners Christian de 
Duve and Ilya Prigogine, to advise CNP: 
on the needs of basic scientists in Belgium 
This committee of the greats was allowed to 
die after a two-year trial. 

As a result, CNPS — and its president, 
Professor R. van Geen, ex-rector of the 
Flemish free university of Brussels and an 
applied physicist — has become the only 


| effective scientific voice in or near the 


Belgian national government. So if CNPS 
were blessed, it would be significant. More- 
over, CNPS wields its influence over a 
government already inclined to think that 
basic research can look after itself. 
However, the accusation does not quite 
hold up: van Geen and his CNPS are not 
going to be willing scapegoats for the 
troubles of basic science in Belgium, 
although they certainly put an emphasis on 
application in their 10-year proposals. 
With 34 members, it is designed to cover all “ 
interests in science and technology, and it 
must also cope with the linguistic divisions 


. . „every researcher cannot do 
whatever he or she wants... 


e AIO EMO RERT SO MEE SOB: nT Me 
in Belgium. Those apart, CNPS represents 
four groups: the research establishment 
(rectors of universities and directors of 
research); the grass roots of research 
(young researchers in universities, govern- 
ment laboratories and private industry); 
the leaders of industry, including banks, 
some big companies, some small ones (the 
capitalists, as van Geen puts it); and trade 
unions and cultural groups. This broad 
council advises the science policy minister 
Philippe Maystadt (‘‘a very clever man’’, 
who is also government budget minister). 
Unfortunately, at the time of writing the 
CNPS recommendations on policy for the . 
next 10 years are unpublished, unavailablay, 
and politically sensitive because, says vari 





_ Geen, of the ‘‘objective’’ fashion in which 


CNPS has treated the two communities 
problem. But he was prepared to talk about 
its broad outlines. 

The first difficulty with Belgian science is 
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money, the report says. Government 
spending on science was cut dramatically in 
1977, and there has been no recovery. The 
universities were especially hard hit by the 
1977 cuts — **It’s the Thatcher policy. .:*'. 

hiversity budgets are still decreasing. ‘‘In 
three of the six universities, they’ve 


stopped taking the journal Physical 


Review! Which is unthinkable!’’, 

The proportion of gross national 
product spent on research in Belgium is too 
low — at around 1.5 per cent (0.6 per cent 
by government, plus another 0.9 per cent 
by industry). Belgium is trailing in the 
government sector, as a result of cuts in 


government spending in the face of the 


economic crisis. But in its 10-year report 
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nuclear fission research — the report 
points out, to make room for solid state, 


modern optics, new materials, micro- 
electronics and biotechnology. Scientists 
individually must also be flexible. “I had a 


policy of high flexibility as a university 
rector — I think it’s not only possible but 
essential.” A scientist needs mobility 
among fields of research; and among 
institutions (moving among industry, 
schools, universities, government); and 
geographical mobility. 

The CNPS ten-year forward look, says 
van Geen, shows by example that really 
creative developments in science occur 
when some overlap occurs between disci- 
plines. It is not sufficient to put a physicist 





same problem, the report argues. But van 
Geen admits some problems with a 
directive policy on mobility, flexibility, 
overlap and centres of excellence. “You 
must decide who decides about the new 
fields. There you must be very careful. I 
don’t like a ‘Russian’ system where some- 
one — a bureaucrat — says OK you’re 
doing physics but next week you’ll do 
maths and then two years later biology. 
You must put people in the right place; and 
give them also the means to be flexible, the 
means to learn new fields.” 

This, then, is the van Geen/CNPS 
approach to science policy in Belgium; and 
the reader must decide for himself or her- 
self whether it leaves enough room for 


CNPS argues that Belgium needs to make basic science to breathe. 0 
an effort ‘‘precisely because of the 
economic crisis, not in spite of it...’’. The 
greatest difficulty in Belgium is to get this 
point over: ‘‘politicians often consider that 


research is a luxury, a dispensable item”. 


near a biologist, they need to work on the 







Regionalism 


Increasing divide worries centre 


Minister Maystadt recognizes the prob- 


= lem, says van Geen, and has a plan to raise 


the proportion to match other countries in 
five years. Plans can fail, of course, and in 
any case the emphasis in this new initiative 
remains on applied research projects. 

But the result of present poverty is a 
brain drain: ‘We have very good univer- 
sities and scientific education — and we’ re 
a country known all over world for the 
quality of its scientists. It’s a pity that we 
can’t support them here...’’. 

The CNPS report, however, does do 
more than cry *“‘more!’’. ‘‘Every researcher 
cannot do whatever he or she wants” says 
van Geen: ‘‘research today needs more 
than a pencil.” So CNPS suggests there 
should be a selective policy in fundamental 
research. The policy should be based on 
finding a proper equilibrium between 
fundamental and applied research. 


~ The selection would focus on *‘centres of 


excellence’’, which van Geen defines as 
“‘those places that have the people, the 
equipment, and where the science is 
relevant”. The term ‘‘relevance’’, of 
course, implies selections; but other air can 
enter the CNPS system, as CNPS is also 
aware that such centres can age and 
atrophy. ‘‘If you only do science in centres 
of excellence, at some point you will have 
none’’, as their science becomes obsolete, 
says van Geen. ‘‘We have that today with 
the nuclear fission research centre at Mol. 
Thirty years ago it was at the frontier of 
physics, now it’s rather out of date.” 

So as well as support for the centres of 
excellence, there must be money — ‘‘local’’ 
budgets, van Geen calls them — to stimu- 
late ‘‘trial, background research’’. For 
example, van Geen says that Belgium needs 
a centre for laser research. But if Belgium 

had not found the money for supporting 
those doing the initial work on lasers, there 
would be no core for a centre of excellence. 
So, van Geen freely admits, a management 
policy for basic science needs care. 

Policy makers must also be prepared to 
wind down some centres — for example 


THE latest, unpublished report from CNPS 
— the Belgian national advisory council for 
science policy — pulls no punches on the 
*‘community problem’’. 

Some 55 per cent of the population are 
Flemish, and 45 per cent Walloon. They 
speak very different languages, which 
mark out the history of Europe: the 
Walloons, in the south, speak the Latin 
language, French, and the Flemish speak 
Dutch, which is close to German. The lan- 
guages differ greatly, and speakers on each 
side have great trouble learning the other’s 
language. 

Moreover, regionalism is increasing. 
Nineteen-eighty was a turning point, when 
the national government devolved funds 
and powers, including policy on applied 
science, to new regional ‘‘executives’’ (so 
named to distinguish them from the local 
“governments” of a true federal system 
like those of Canada or Germany) plus a 
separate executive for bilingual Brussels. 

Amidst this complexity CNPS has asked 
the national government to clarify the 
funding system for science. ‘‘Science 
policy is very difficult now in Belgium”, 
says CNPS president Professor R. van 
Geen. ‘‘Some people want a Flemish and a 
French science policy — but scientific 
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The language divisions 





research is a universal thing.” 

For example, take the government’s 
science policy office (SPPS, science 
minister Maystadt’s executive arm). SPPS 
is still national. But on both sides of the 
country there are demands that it be split in 
two parts. 

But, pleaded van Geen, ‘‘You must be 
careful in what you say, as I hope the new 
equilibrium [between national and regional 
forces] will help and not hinder research”. 

‘‘We try to create a balance [in the un- 
published CNPS report, which advises on 
policy for Belgium’s next ten years of 
science] but itis very difficult.” The topic is 
**so electrically loaded today that you have 
to be very careful. Please report this care- 
fully”, said van Geen ‘‘as we don’t know 
what the equilibrium state will be’’. It is 
‘“‘not impossible” that Belgium will split 
into two nations (‘Il don’t want that — I 
say that clearly’’.) In the present circum- 
stances, ‘‘fission’’ could arise out of some 
political or economic accident. 

The community problem has flared up 
lately for four reasons: first, population. 
For a long time the French dominated both 
numerically and politically, but now the 
Flemish have become numerically 
dominant and are demanding a redistri- 


French 
Bilingual 


Flemish 





bution of money, industry, jobs and politi- 
cal power. Today the Walloons feel they 
are the victims, when for a century the 
reverse was true. 


Second, Belgium is going through an 
economic crisis. In the past, community 
problems have been solved by throwing 
money at them, yielding equally to ‘‘the 
four forces’’: Flemish, French, Catholic, 
and non-Catholic (which means agnostic, 
rather than protestant, in Belgium). But 
now Belgium has to decide where to put the 
little money it can spare: it cannot afford 
equilibrium. 

Third, Flanders is undergoing a rapid 
economic expansion, with green-field sites 
for new industry and a more docile popu- 
lation (in terms of strike record) than 
Wallonia, weighed down by big, troubled 


ow couNTRES SCIENCE 


industries like coal and steel. 

And fourth, regionalism is increasing 
everywhere in Europe: the Basques, 
Brittany, Scotland for example. 

So far there has been no serious violence 
over the regional issue in Belgium — but it 
could happen. Belgians look in fear at 
Northern Ireland. And there is a possible 
flashpoint: a small community of 4,000 
people in Belgium which is contested 
between both sides: a small bit of land 
which has become a symbol. To judge by 
some newspapers, the major political 
problem in Belgium today is that the mayor 
of this community cannot speak Flemish. 
There has been some violence there — 
guns, bombs — but so far without victims. 
“Violence is increasing’’, says van Geen, 
“J just hope it will not explode.” E 





New technology 





Flanders sets the pace 


FuLL of bounce, the Flanders regional 
executive, in just its third year of 


y _ operation, is leaping into high technology. 


High technology is political: the presi- 
dent of the executive, Mr Gaston Geens, an 
economist by training, has grasped tech- 
nology as the lever that will lift Flanders 
above the rest of Belgium and establish it as 
a state within a state. And itis all happening 
very swiftly, after the law of August 1980 
that regionalized a measure of responsi- 
bility for economic policy and applied 
research. (Fundamental research and the 
basic funding of the universities remain 
national.) s 

The Wallonian executive has seen the 
challenge set by the breathless Flemish 
executive, and is also making strong efforts 
~ particularly in biotechnology — but it 
has the harder task. Wallonia has the old 
industry, Flanders the new, and moreover 
Flanders is going through a kind of spirit- 
ual rebirth, emerging from a century and a 
half of French domination. 

It may be, of course, that Flanders will 
pull the whole of Belgium with it, and the 
regional competition will prove highly 
creative; but meanwhile everyone in 
Flanders knows what high technology 
means for the region and its politics — 
independence — and there is almost no 
public or trade union opposition to the 
changes, even though, for example, ram- 
pant robotization of Flanders factories is 
creating no new jobs and eliminating some 
old ones. 


Flanders did have some old industry, 


mainly in textiles, and that has suffered in 
the general recession like Wallonia’s steel 
and coal. But, claim Flanders officials, the 
Flemish textiles industry is now automated 
and competitive again. 

The officials also say that Flanders now 


2 accounts for 70 per cent of all Belgian 


exports, compared with Wallonia’s 25 per 
cent. (The rest comes from the Brussels 
region.) Moreover, last year there was a 21 
per cent increase in investment in Flanders, 


says the executive, whereas the total invest- 
ment in Belgium is decreasing. 

Ford, for example, is investing some 
BF 10,000 million (£125 million) to auto- 
mate its Flanders factories. Employment 
levels will be unchanged, but, says the 
executive, if it did not invest, employment 
would fall with competitivity. 

‘The people accept this better here than 
in Wallonia’, says Luc van Nuffel, micro- 
electronics adviser to Geens. Recently, 
there was a one-day general strike in 
Belgium, in protest at the economic crisis. 
The strike was better observed in the 
French region than the Flemish, and — 
claims van Nuffel — if the unions were not 
national, there would have been no strike 
in Flanders at all. 

It is against this kind of background that 
the Flemish executive is backing the new 
technologies — and it has been able to 
move fast by making use of the many 
reports of the national advisory council on 
science policy (CNPS). The executive has 
moved nowhere more rapidly than in 
microelectronics. In this, and other 
developments (the executive has three pro- 
grammes, on new materials and biotech- 
nology as well) the executive is attempting 
to move in harmony with the three univer- 
sities of the region: the Catholic University 
of Leuven, the Flemish Free University of 
Brussels, and Ghent. 

However, the executive believes in 
concentration of its resources (which total 
7 per cent of the whole national govern- 
ment budget) and so it is proving a force for 
selection, which has suffered in Belgium 


because of the usual balance that had to | 


be struck between the ‘‘four forces”. In 


microelectronics, for example, the exe- 


cutive focused on Leuven, but in such a 
way as to draw in the other universities in 
an inter-university scheme. 

The Flanders microelectronics 
education plan is almost literally exponen- 
tial. Flemish electrical engineers have been, 
and will be trained in 14 industrial 


| four lecturers from outside Leuven and p 
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(technical) colleges and the three univer- 


sities. “The problem was that only one 
university [Leuven] was training the people 


that industry needed’’, said van Nuffel. To 
transfer this knowhow the excecutive too 





them through a very intensive, specially- 


| designed course at Leuven in very-large- 


scale integrated circuit (VLSD design. The 
following year these four trained another 
thirty. In the third year (which begins this 


| September), these thirty will go back to 


their institutions (universities and technical 
colleges) and introduce courses on VLSI. 
Moreover, in order to intensify the 


| training, the executive has set up a com- 


puter network based in Leuven but linked 
to every teaching institution. Students in 
colleges throughout Flanders will use it for 
real-time, computer-aided chip design, 


| using the Leuven software and equipment. 


The expected result: that every year from 
1986 onwards Flanders will be producing 
200-300 engineers with specialist exper- 
ience of custom VLSI design. VLSI 
research will be concentrated in a new BF 
2,300 million inter-university centre at 
Leuven: IMEC. A company (Inventive 
Systems) has been established to promote 
chips in industry. And Flanders has given 
49 per cent backing to Bell-Antwerp (an 
offshoot of ITT) to set up a custom-chip 
production plant at a total cost of BF 3,000 
million. The plant is to be operational in 
1985, and will have the capacity to make an 
estimated 4 per cent of the needs of 
Europe. Around 40 per cent of the produc- 
tion will go to ITT, 60 per cent for outside 
sale. The objective in backing Bell- 
Antwerp was to give Belgium some 
strategic independence in the chip market, 
but van Nuffel could not estimate what 
fraction of Belgian demand the tactory 
might satisfy. ge 

The executive has worked out similar ~ 
programmes for materials and biotech- 
nology, but these are still at the planning 
stage. In materials there is a study con- 
cerning the setting up of a laser appli- 
cations centre; and in biotechnology the 
executive was expecting the results of a 
study on a communal, time-shared pilot 
plant in May. (The plant would be either in 
Brussels or Ghent.) 

Eventually, the regional executives hope 
to get more money to play with, as certain 
national laboratories and funds are region- 
alized (often against their will). For 
example the national applied research 
council IRSIA had just been officially one- 
third regionalized: a third of its budget 
divided between Flanders and Wallonia. 
Flanders will get 60 per cent of that one 
third, and IRSIA’s advice on the distri- 
bution of that fraction in Flanders will be- 
advice to president Geens rather than to theg 
national government. Says van Nuffel: “iy 
makes no sense, say, if IRSIA supports tra- 
ditional industry while we support new 
technology”. Thus IRSIA and other 
institutions will increasingly feel the 
pressure of regional politics. E 





NATURE VOL. 309 7 JUNE 1984 


Microelectronics 
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Silicon Valley comes to Belgium 


PROFESSOR Roger J. van Overstraeten 

peaks with hardly a pause, and with 
constant intensity: it is easy to see how he 
has established — in less than 20 years after 
graduating from the University of 
Stanford, California — an extraordinary 
microelectronics laboratory in his native 
Belgium, a laboratory which now almost 
flies free on industrial contracts, depend- 
ing on the government for only 20 per cent 
of its budget. 

However, that proportion is about to 
change: the Flemish regional government is 
investing capital of BF 2,300 million (£30 
million) and annual expenditure of BF 
1,000 million (£12 million) to expand Over- 
Straeten’s group into an inter-Flemish- 
university laboratory: IMEC (the inter- 
university microelectronics centre). 
Reflecting general amazement at such 

™ expenditure in the straitened circumstances 
of Belgium, IMEC has earned the title: 
**Superlab’’. 

The nucleus of IMEC will be van Over- 
Straeten’s group ESAT (electronics, 
systems, automation and technology) 
which he started in 1965 as part of the 
electrical engineering department of the 
(Flemish) Catholic University of Leuven. 
ESAT is highly renowned in its field. 
According to the research vice-president of 
the Dutch-based multinational Philips, 
ESAT’s work on computer-aided design of 
chips puts it second only to Berkeley, 
California. ESAT has already spawned a 
clutch of successful small companies in the 
United States and Europe, and is highly 
sought-after for consultancy work. 





ESAT started slowly, with a staff of just 
eight people in 1970. “That’s when we 
really got a start. We had proved that it was 
possible to do some original work in 
microelectronics in Belgium. . .”, and asa 
result the group won one of the first 
handouts from Prime Minister Théo 
Lefévre’s ‘‘concerted action” 
programmes, by which he hoped — and 
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Van Overstraeten — boss at “‘Superlab” 
succeeded — to improve the financial and 
competitive position of some of Belgium’s 
top groups. 

As say many of Belgium’s researchers, 
the concerted action cash was extremely 
important. At ESAT, the improvement 
was something like an order of magnitude. 
By 1975 ESAT had 60 people, when it 
merged with another laboratory to reach 
85. Its present 150 is ‘“‘saturation” for the 
space and facilities available — hence 
Superlab. 

ESAT works in three areas. The most 


» Professor van Montagu’s local industry 


MANY Belgian basic scientists are now 
turning to applied science — but some with 
more success than others. One of the more 
successful ones is Professor Marc van 
Montagu, plant geneticist at Ghent. Van 
Montagu has contracts with many com- 
panies, but has also set up his own — just 
Started last year: Plant Genetic Systems 
(PGS). (Van Montagu’s Ghent colleague, 
Professor Walter Fiers, also runs a com- 
pany — an offshoot from Biogen, a genetic 
engineering company: Bioghent.) 

Such enterprise is not unknown among 
molecular biologists — but van Montagu’s 
PGS does stand out for one unusual policy: 
“We mostly hired people locally — in 
Belgium. We've seen other groups take 
people from all over the world, but they 
just end up with a collection of competent 
but competitive people, without a common 

Pirit. So we wanted to take a different ap- 
proach, to get the spirit going first, to show 
we can do it, and then give the team addi- 
tional help by injecting foreign people if it 
needs them.” 

PGS will ‘‘apply our techniques to en- 


—————————————— 


gineer plants to improve their commercial 
value, for example for resistance to viral 
and fungal disease, to increase nutritive 
value. Those are the things we think we can 
do now . . . and also a lot of work on soil 
microorganisms. And we have started in 
association with the university of Brussels 
(ULB) a programme on protein engineer- 
ing.” 

The students don’t object to working 
with industry, says a “‘pleased but surpris- 
ed” van Montagu. “Most of the younger 
students find it challenging to do applied 
research ... I used to think that they 
would object for political, ecological, or 
other reasons.” They don’t. 

His group has a patent on some Ti plas- 
mid vectors ‘‘but we decided the money 
should go to the university. We don’t know 
if it’s making money yet. It takes a long 
time.” 

PGS was started with BF 400 million (£5 
million) and must live from the interest on 
that capital plus contact research. The goal 
for the end of 1984: to be in balance on th 


m 


current account. o 





important, ‘‘integrated systems”, deals 
with everything to do with integrated 
circuits, including ESAT’s strong group in 
computer-aided design (which started 
early, in 1969), and a group dealing with 
the physics and chemistry of chip manu- 
facture. 

“We have developed 5 micron CMOS 
technology, 3 micron CMOS technology, 
and transferred it to industry. It’s unique 
that a university laboratory should go so 
far [towards industry] Says van 
Overstraeten. ‘‘But we did it partly because 
there was no Belgian company in the field 
— we did it to prove what Belgium can 
do’’. Now there are five Belgian chip com- 
panies, some of them headed by ESAT 
staff. 

Van Overstraeten’s ambition is national: 
why else would he have come back from 
Silicon Valley? And he set up in university 
rather than industry ‘‘because I think that 
education and training are extremely 
important — and training is still our main 
objective. Every year at ESAT we train 100 
electronic engineers in this field. [Superlab 
will double or treble that number.] And all 
of them have the chance of designing inte- 
grated circuits.’’ 

‘‘So I think that a laboratory like this 
should be between university and industry. 
It’s not a typical university laboratory, but 
it’s not an industry laboratory either.” 

Belgium will also soon have MIETEC, a 
joint venture between Bell-Antwerp and 
the Flemish executive, due to begin 
producing custom chips in October 1985. 
“I don’t think a company like that could 
have started in Belgium without the people 
we have trained.” 

ESAT also works in systems and signal 
processing. More and more this field will 
require custom-designed integrated cir- 
cuits, van Overstraeten believes. Part of 
the signals research is fundamental mathe- 
matical work in cryptography. For the 
implementation of a code is always a 
specific integrated circuit, “and more and 
more it gets difficult to separate these 
things . . . a mathematician alone can end 
up with something that would be difficult 
to implement in 20 years,” whereas codes 
are needed on a 5-10 year time scale. 

The third area of ESAT work is photo- 
voltaics — based on technology similar to 
that of integrated circuits. ESAT 
developed a screen printing technology for 
making solar cells, 4 years ago, as an appli- 
cation of existing integrated circuit tech- 
nology. The process is materials-efficient, 
and is now the property of a new Belgian 
company, Photon Technology, doing well 
according to van Overstraeten. . . 

There are other laboratories like ESAT 
on a scientific level, van Overstraeten 
admits. ‘‘But if I take integration with 
industry, there’s none like it. It’s different 
from Stanford, and from Berkeley. There 
the industry is to hand, here we had none.” 
And ESAT has international links with 
industry in the United States, Switzerland, 
Germany, Holland, France, the United 





Kingdom — ‘“‘that’s quite unique too” 
claims ESAT’s director. 

But ESAT still needs government 
support: ‘“‘Our funding now is quite 
strange, we are living mainly on projects — 
only 20 per cent comes from the university 
and fixed funding — that makes life very 
dangerous’’ — particularly when electron 
beam apparatus can cost $3 million. 

ESAT has been supported by three con- 
certed action programmes, by national 
programmes, by the EEC, IRSIA, the 
science policy programming service, 
FNRS, and several ministries. The 
university pays 25 salaries. ‘“‘But most 
important is that the university allows us 
this openness, and that they support us in 
getting funds.’’ Van Overstraeten says he is 
not bothered by the lack of university 
posts. He can make do on soft money. And 
the people who work in his laboratory are 
sure of a job in inaustry. 

And now comes Superlab, IMEC: it will 
be an important laboratory, with 150 
permanent staff and 100 people working 
on projects in design and technology. 
(ESAT’s present budget is about a third of 
IMEC’s projected spend.) IMEC, avail- 
able to the universities of Leuven, Brussels 
(Flemish side) and Ghent, and technical 
colleges, will also have closed-circuit 
television, so the courses and seminars at 


Luxembourg 
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IMEC can be followed at the other centres, 
with audio feedback for questions. ‘‘It’s a 
new formula for a research laboratory, an 
inter-university centre combined with 
interaction with industry’’. 

IMEC could not have been founded 
without government investment. The 
investment in people is so huge, a university 
could not do it. But the national 


ee 
.. . Belgium may sound 
complicated. . . but finally 

things seem to work out quite well. . . 
————— 
government could not have begun IMEC 
— because it required a choice between 
regions and a focusing of funds. 

IMEC is thus ‘‘a Flemish thing, but the 
research will be European — and we'll 
work for French-speaking companies, 
there’s no problem there’’. Nevertheless, 
says van Overstraeten, “If I look at 
Maystadt [the national science minister] 
he’s doing excellent things. .. Belgium 
may sound complicated and it is, but 
finally it seems to me things work out quite 
well. s: Z. 

Flanders is developing fast, the 
mentality is different, the industry is 
different, it is a challenge for the French 
side, but, says van Overstraeten, *‘l don’t 
think they’ll stay behind’’. O 


Old industries in decline 


RESEARCH in Luxembourg? It does exists. 
Luxembourg boasts a long-dead Nobel 
Prize winner and in 1977 the Grand-Duchy 
began to expand its tiny research capacity. 
But Luxembourg’s government science is 
on a very small scale — just 12 researchers 
in the basic sciences, who really are only 
nominally independent: as they recognize 
themselves, they depend absolutely on col- 
laboration with groups abroad. Perhaps 
only 0.1 per cent of the Luxembourg gross 
national product is spent on both basic and 
applied research (but there are no official 
figures). 

The Grand-Duchy has only the popula- 
tion of a large London borough — 366,000 
people — and no full university, although it 
has 3,000 in university education, mostly 
abroad. But it had the coal and iron ore to 
justify a major steel industry (Arbed), 
which ten years ago employed half the 
working population (now the fraction is 
plummeting to a quarter). Arbed has a 
research laboratory with 30-40 staff. Lux- 
embourg also hosts the Goodyear tyre 
company’s European research laboratory 
(with some 150 researchers). And some 
smaller companies also do research in Lux- 
embourg, mostly on metals and materials. 

But Luxembourg really could do more 
research, and needs to in order to be pre- 
pared for the new industries that must 
follow steel. And, indeed, in 1977 a Mr 
Robert Krieps, minister for cultural and 
scientific affairs in the — rare in Luxem- 


bourg — socialist coalition government, 
began a slight movement in that direction. 
Krieps created a number of new institu- 
tions for research, among them an advisory 
council for research policy headed by 
chemist Professor Pierre Seck. One of the 
biggest new creations, says Seck, was a 
small-scale teaching hospital where some 
important research is done. And Krieps 
created institutes for technology (technical 
colleges) that do some applied research. 
But despite 3,000 potential students, 
Luxembourg does not have a complete uni- 
versity. What it does have is the beginnings 
of one: the Centre Universitaire (CU) with 





Pierre Seck — not quite alone. 


NATURE VOL. 309 7 JUNE 1984 


800 students, created ten years ago, which 
offers just the first year of university 
studies. (This is where Luxembourg does 
its basic research.) The CU first year is in- 
tensive, with an amazing student-teacher 


ratio of 2 to 1, and CU courses are widely 


recognized by other universities in Austria, 
West Germany, Belgium and France. 

If CU staff, like Seck and his five col- 
leagues in the department of science, want 
to do research ‘‘we have to collaborate with 
a team abroad”. CU research interests can 
be listed in total: a collaboration with a 
French CNRS director working on ecty- 
steroids in insects at the University of Stras- 
bourg has revealed the same ectysteroids in 
worms; chemistry at the CU has focused on 
heterocyclic and organometallic com- 
pounds, in collaboration with the univer- 
sities of Metz, Heidelberg and Louvain; the 
CU physicist works with Centre Hospi- 
talier on medical electronic signals, seeking 
correlations with disease. And there is one 
pure mathematician, in a world of his own 
as far as Seck is concerned... 

The CU department of science has 
around 40 teachers, but only Seck and his 
five colleagues are employed by the CU 
alone: 20 of the others are upper-level 
teachers at /ycée, qualified to teach both at 
secondary and tertiary level. Then 6 come 
from foreign universities on secondment, 
and 10 are professionals such as doctors 
and engineers. 

Research in the CU is done by the 6 full- 
timers. ‘‘But we’ve recently won a new 
freedom — to release some of the secon- 
dary school teachers for several days a 
week.” That gives a total of about 12 man- 
years per year of research capacity at the 
CU, except for the teaching load. 

It is small team, but, says Seck, his 
laboratories ‘‘are very well-equipped for 
the subjects we’ve chosen’”’ with apparatus 
like a Mossbauer spectrometer, NMR and 
X-ray diffractometers, and the department 
is promised a new building. 

Thus basic research in Luxembourg 
proves viable, at least while it remains link- 
ed to the science going on in surrounding 
countries, and while it is not so ambitious 
as to outstrip the country’s capacity. 

The only trouble is that Luxembourg 
science is like an unfinished painting, a few 
dabs of industry, public and private 
research that could do with a little coor- 
dination. “We have to grow together.” 
Aware of this, in 1983 the members of the 
research advisory council demanded more 
power to coordinate and fund Luxem- 
bourg’s science. The council would not 
continue without that power, the members 
threatened. 

But the government — since 1979 led by 
the Christian Socialist (right wing) party 


that has ruled Luxembourg almost con~y 


tinuously since the nineteenth century — 
called the bluff and simply failed to renew 
the council’s mandate. At the time of 
writing the council’s future is unclear, but 
Seck has hopes for new developments after 
the June nationalelections. O 
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Analysis of a mechanical model characterized by deterministic randomness (chaos) allows 
verification of elementary principles of heat conduction. But it may have other value. 











THOSE who hold that the reductionist pro- 


gramme is a mistaken attempt to account 
for all phenomena in terms of elementary 


processes usually look for evidence to sup- 


port their case in the behaviour of living 
things. They may be well advised, it seems, 


to pay closer attention to a long-familiar | 
part of classical physics and in particular to- 


the theory of heat conduction. 

The problem, as a little reflection will 
show, is that there is still no unambiguously 
unobjectionable way of calculating from 


`a the laws of dynamics as applied to atoms 


and molecules the most elementary princ- 
iple underlying the phenomenon of heat 


conduction — the notion that the rate of 


heat conduction between two parallel plane 
surfaces in some medium is proportional to 
the temperature difference between them, 
widely known as Fourier’s law. From this 
simple statement follow the differential 
equations which specify the time- 
dependent variation of temperature or of 
heat flux in conducting objects of all kinds. 
Calculations based on.Fourier’s law have 
naturally been widely used in tasks as dif- 
ferent as the. inference. of temperature 
distribution within the Earth and the 
design of industrial heat exchangers. So in 
what sense can Fourier’s law be less than 
well grounded in physical principles? 

The familiarity ‘of Fourier’s law no 
doubt blinds us to its non-trivial character, 
It is not, however, difficult to construct 
other plausible phenomenological schemes 
to describe the rate of heat conduction 
through material objects. The most ob- 
vious modification is that suggested by the 
process of radiative heat transfer: each ele- 
ment in a body at a temperature. different 
from absolute zero might give rise to 
isotropic heat flux which is simply a 
tion of the temperature of the el ment. ] 
small temperature differences, ‘Fourier’ 8 
law would be approximately true, and 
while the rate of heat conduction through a 
fluid from some solid object would 
awkwardly be a function of the 
temperature of that object, it might in 
practice be hard to distinguish such a varia- 
tion of conduction away from a source of 
heat from the variation with temperature 
of the heat conductivity of media of all 
a<kinds. 

_ But surely, even schoolboys will ask, has 
“not this issue long since been dealt with? 
Heat conduction through gases is familiar- 
ly dealt with by kinetic theory, with results 
entirely in accordance with Fourier’s law. 
For more general fluids, it may be 




















necessary to take account of more com- 
plicated treatments of transport in kinetic 
systems along the lines originally proposed 


by Enskogg, but the objectives are the same 
— to calculate the rate of transport of 
kinetic energy from the distribution of the - 
momenta of particles and the chance of | 
collisions between them. In metals, on the E 
| other hand, it is more prudent to start from |- 
the likely excitation of conduction elec- 
trons into states of higher energy, and to 


allow for the interruption of free electronic 
motion in such a state by the vibration of 


the underlying lattice. Although most of © 


this is intricate, in principle it is straight- 


forward. So why should Peierls (in 1961) | 
have written that the derivation of 


Fourier’ s law from elementary dynamics is 
“one of the outstanding unsolved prob- 
lems of modern physics’’? 
Peierls’ remark derives from his own 
work in the 1950s on the interaction be- 


tween lattice electrons and the spacings of 


the underlying lattice. That the interaction 
may sometimes mean that a regular lattice 


breaks up into consecutive insulating 
patches or, alternatively, will permit the ef- 


ficient transport of electrons in the forms 


of “‘solitons’’ is now part of the familiar 
understanding of conduction in solids, | general: 
| superconductivity i in particular. The defi- | stan 
ciencies of the theoretical foundation of | — 
Fourier’s law consist, from this point of 


view, in the way in which all attempts to 
calculate heat transport (and other trans- 
port processes) from first principles rely, at 
some level, on an averaging process. 

This is the starting point for a calculation 
published by Joseph Ford and Franco 
Vivaldia (Georgia Institute of 
Technology), Giulio Casati (Milan) and 
William M. Visscher (Los Alamos) at the 
end of last month (Phys.Rev. Lett. 52, 
1861; 1984). Their first task is the choice of 


a deterministically random (or chaotic) 


mechanical system with which to model a 
solid heat conductor. Such a system must 
be simple enough to be calculable, at least 
numerically, yet free from exceptional 
modes of behaviour that might vitiate the 
modelling of thermal conductivity and yet 
sufficiently complicated to be vaguely 
reminiscent of the real world. With 
fashionable but needless whimsy, the 
authors settle for what they call a ‘‘ding-a- 
ling” system — a one-dimensional array of 
hard spheres similarly anchored by sym- 
metrical restoring forces to fixed lattice 
points with equal freely moving spheres 
sandwiched between them. At the end of 


; neighbouring a anchored spheres) fo 





dynamical - system. with many 


the array are two thermal reservoirs, which 
communicate with the conducting array by 
means of similar freely moving: spheres, ; 


which if accepted into the reservoir are’ 


promptly returned with a velocity specified 
by the velocity-distribution appropriate to 
the corresponding temperature. 
` Themodel works straightforwardly, The ee 
stiffness of the lattice-bound particles has) 
to be great enough for chaotic motion to ~ 
supervene. What happens is that the we 
oscillating spheres act as relatively 
unresponsive transducers for energy car- n 
ried by the intermediate freely moving 
spheres. The rate of energy transport can 
be estimated from the rate at which energy 
emerges from the high temperature end of 
the system, or from the equal rate at which 
it arrives at the other. The numerical 









| calculations have been carried through ful- 


ly only with very short linear chains, with 
two and four anchored spheres respective- 
ly. The result, cheerfully, is a consta 
coefficient of thermal conductivity (wi 
ten per cent or so). The argument as, 
however, been made more plausible by 
means of a calculation of next-nei 
neighbour correlations (betw 


























ar; ‘then,’s so todd: Here i 


recognizable characteristics of 
conducting solid which does- ind 
transduce energy in accordance 
Fourier’s law. Many people will no doubt 
now be tempted to embark on generaliza- 
tions of this simple model. Two dimen- 
sions? Even three dimensions? Excessive 
zeal of that kind would be misplaced. What 
Casati ef al. have done is to demonstrate 
that a dynamical system does indeed 
behave as would be expected under the in- 
fluence of a random input of impulse. In: 
passing, they have also been able to show 

that in strictly mechanical systems such as 
these, the exceptional dynamical solutions, 

the putative solitons, are no great encum- 
brance if the vibrational frequency of the 
anchored spheres is sufficiently great. The > 
other side of this coin is that such. models ee 
might indeed be used for studying ee 
transport in, say, superconducting 
materials. Whether reductionists should be 








alarmed by all this is quite a different mat- 


ter, although some of them may be dis- 


mayed that this may be that hitherto elusive 
problem for which only computer solu- 


tions are attainable. John Maddox 
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Biased record of early life 


from Malcolm Walter 


IF an expedition to Earth from some other 
planet were to be mounted, and if the 
budget restrictions were such that only two 
samples could be collected to determine the 
history of life on Earth, it is probable that 
the palaeontological advisors to the expedi- 
tion would urge the collection of a black 
chert to represent the first few billion years 
of biological history. Suppose, then, that 
the collectors travelled first to an island in 
Hudson Bay, where they gathered a sample 
of the 1.8 x 10° year old black chert', and 
then to Shark Bay in Australia or some 
similar arid shore’, where they gathered a 
sample of extant life from the intertidal 
zone. When the two samples were analysed 
onreturn from Earth, it would be conclud- 
ed that there had been no evolutionary pro- 
gress for at least 1.8 x 10° years, and that 
the Earth was still in ‘the age of cyanobac- 
teria’. 

Palaeontologists are aware of biases 
resulting from selective preservation. Dis- 
proportionate attention to cherts is not a 
result of naiveite on the part of the palaeon- 
tologists who work on Proterozoic se- 
quences, but is a consequence of the very 
suceess of the studies concentrated on 
cherts?. Ever since the seminal discoveries 
in the 2 x 10° year old gunflint chert of On- 
tario“, black cherts have been known as a 
good preservative for microbial cells, and 
consequently many studies, including that 


of Zhang Yun? on page 547 of this issue, » 


have focused on them. As a result, our view 
of the Proterozoic history of life is pro- 
bably grossly distorted. Zhang Yun adds to 
the small but steadily growing list of 
described microfossil assemblages which 
represent much of our information about 
life in Early Proterozoic times (1.65- 
2.50 x 10° years ago). Although there are 
techniques, such as the study of stroma- 
tolites and isotope geochemistry, that give 
us different sources of information about 
ancient life', microfossils are preserved 
cells and the most direct evidence we have. 
Of the various sources of information 
available to palaeontologists, microfossils 
have received by far the most attention. 
They are preserved in very finely crystalline 
silica, chert, and as a result of cir- 
cumstances not yet well understood, most 
Proterozoic microfossiliferous cherts ap- 
pear to have formed in the marine intertidal 
environment. 

The attention to a limited set of palaeo- 
environments has consequences in bio- 
stratigraphy as well as palacobiology. Any 
attempt to use chert microfossils in bio- 
stratigraphy is greatly limited even before it 
begins, unless we can find cherts that 
preserve samples of microbial life from 
more than just the intertidal zone. Like a 
few other assemblages, Zhang Yun’s could 





represent a microbiota that was unique to 


the Early Proterozoic. The first reaction to 
this new report is to view it as an encourage- 
ment to biostratigraphers, but caution is 
needed. As in the case of most of the other 
examples, including the original one from 


the famous Gunflint Iron Formation, the | 


Chinese example comes from rocks whose 
depositional environment has not been 
determined by modern sedimentological 
techniques. The fact that its microbiota are 
distinctive may therefore signify nothing 
more than that it comes from a distinctive 
palaeo-environment (Zhang Yun suggests 
the shallow sea in a region of volcanic 


_activity) that has, so far, only been sampled 


in the Lower Proterozoic — a familiar 
problem to palaeontologists. 

Proterozoic microfossils are also found 
in shales, where they are called acritarchs, 


but there they are studied by different © “ae a ars 
| Maicoim Walter is Supervising Scientist at the 


techniques and usually by different scien- 
tists from those who work on cherts®’. 
Many of the shales were deposited in off- 


Oncogenetics 


from Miranda Robertson 


Two rare tumours of childhood are 
proving to be a remarkable source of 
insight into the genetic steps by which cells 
may progress in malignancy. The tumours, 
retinoblastoma and neuroblastoma, have 
two significant features in common. First, 
they are both derived from embryonic 
precursors of nerve cells, which normally 
lose the ability to divide once they have dif- 
ferentiated; and second, both may be 
associated with chromosomal deletions. 
These two facts have been incorporated in 
the following hypothetical schema. The 
chromosomal deletion contains a gene that 


is normally responsible for turning off the 


embryonic phenotype, including the ability 
to divide; in its absence, embryonic genes 
remain active and the proliferative capacity 
of the cell is retained. It has been suggested 
that some of the cellular proto-oncogenes 
may be genes that are normally active only 
during embryogenesis; and with this in 


mind, Lee et al. have looked for an active 


oncogene in cells from ten fresh retino- 
blastomas. They find that the N-myc gene 
is transcriptionally active in all of them and 
amplified in two'. At the same time, 
Schwab ef al., who originally discovered 
the N-myc gene*, report that in retino- 
blastomas N-myc amplification is 
associated with late stages of tumour pro- 
gression, and thus may have prognostic 
implications. 
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shore marine environments and, as a result, 
contain a sampling of the marine plankton 
of the time. They can be expected to have 
been more diverse than the intertidal 
microbiota, not having been limited by the 
environmental extremes that character 
the intertidal zone. Shales should therefore 
provide a fuller record of evolution 
through the Proterozoic, and the material 
should provide the basis for a successful 
Proterozoic biostratigraphy. A combina- 
tion of the palaeobiological approach that 
has been applied to cherts and the empirical 
biostratigraphical approach of the acri- 
tarch workers will give us a true picture of 
life in the Proterozoic, and provide the 
basis for sound biostratigraphy. Such work 

has begun®, Oo 
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Progress in malignancy 


N-mye is an oncogene by an unusually 
complex chain of inference. It was first 
detected by Schwab et al. in the amplified 
DNA of a number of neuroblastoma cell 


lines through its limited homology to thec- .. 


myc cellular proto-oncogene. Thus its + 
identification as an oncogene rests on its 
relationship to a known oncogene and its 
presence in DNA that is amplified in 
tumour cells. Its activation in a second 
neurectodermal tumour — retinoblastoma 
— strengthens the evidence implicating it in 
neural tumorigenesis. 

The first step in the development of 
neuroblastoma and retinoblastoma must 
occur before the differentiation of the 
central nervous system is complete, and 
indeed may be inherited. The hereditary 
cases are often associated with chromo- 
somal abnormalities involving the deletion 
of material from chromosome 1 in the case 
of neuroblastoma‘, and from chromosome 
13 in the case of retinoblastoma>. This is 
believed to predispose individuals to 
develop the tumours, but does not make it 
inevitable, presumably because a normal 
allele of the deleted gene remains on thes 
intact chromosome. In the case of retinoy 
blastoma, there is now very good evidence 
that the second step in tumorigenesis is the 
inactivation of the normal allele’. (The 
mechanisms by which this may occur in 
retinoblastoma and other childhood 



















o NATURE VOL. 309 7 JUNE 1984 





tumours have been the subject of two 
recent articles in News and Views’ ’.) 
Whether the inactivation of both alleles is 
sufficient for malignancy is not known; but 
there i is some evidence for activation of a 
member of the c-ras oncogene family in a 

neuroblastoma cell line’, suggesting that it 
may not be. 

What is the significance of the trans- 
criptional activation and amplification of 
N-myc in retinoblastoma and neuro- 
blastoma cells? Nothing is known about 
the function of the N-myc product, but c- 
myc, with which it has some homology in 
the 5° coding region, is implicated in the 
control of proliferation in several different 
cell types '°, and it is possible that N-myc, 
whose expression seems to be confined to 
cells of neurectodermal origin'! , has an 
analogous role in neural cells. In neuro- 
blastoma moreover, the level of trans- 
criptional activity seems to be correlated 
with the degree of differentiation of the 
tumour cells'', which can vary con- 






w. siderably within a single tumour. Schwab ef 


al. have shown by hybridization in situ that 
N-myc expression is higher in the less dif- 
ferentiated cells. 

The association of N-myc amplification 
with tumour progression is suggested by 
investigations by Brodeur et al. on a series 
of 63 tumours taken from untreated 
patients at four different stages of the 
disease, defined chiefly by the extent of dis- 
semination of the tumour cells. Brodeur ef 
al. find no amplification of N-myc in 15 
tumours at stages | and 2; but ampli- 
- fication in half of the 48 tumours from 
stage 3 or 4 patients}, The prognosis for 
patients at these later stages is usually 
extremely poor, two-year survival being 

10-30 per cent, compared with 75-90 per 
cent for earlier stages. If the correlation 
_ with N-myc amplification holds up, it will 
K be important to discover whether the 
“absence or presence of the amplified gene 
distinguishes late-stage patients who may 
survive from those who will not. Such a 
prognostic tool could help with difficult 
decisions on the more heroic forms of 








therapy in ad lisease. 

More fun ntally, further research 
on the interactions of the several genes now 
implicated in nesis of neuroblastoma 
should help to il ate the mechanism of 
neural differentiation and its disruption in 
tumorigenesis. = ~ 2 
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How neutral are atoms? 


from Frank Close 


UNIONIZED atoms are electrically neutral 
because the negative charges on the elec- 
trons precisely balance the positive charges 
on the nuclear protons. This concept of 
balancing is so deep-rooted in our scientific 
culture and so naturally presented in school 


classes that we hardly give it a second — 


thought. In fact it is really rather profound: 
why should electrons and protons, which 
seem to be independent forms of matter, 
know so precisely the magnitude of each 
other’s electrical charge? 

An answer that has suggested itself to 
many is that ultimately there is but one type 
of matter: electrons and protons are sib- 
lings. If so, this would be the culmination 
of a long search for an underlying unity in 
nature. At the beginning of the century 
scores of atomic elements were thought to 
be the templates of nature’s infinite varie- 
ty. Then it was realized that three ‘elemen- 
tary particles’ — electron, proton and 
neutron —- were the common building 
blocks of all atoms. Later the proton and 
neutron were discovered to be built from 
more basic particles, called quarks. Now 
we believe that quarks and leptons are the 
two fundamental families of matter. Yet 
the precise identity of their electrical 
charges hints that they might not be totally 
unrelated, and in the grand unified theories 
(GUTs) uniting the electromagnetic, weak 
and strong forces, one finds that quarks 
and leptons are siblings. This startling 


result is a consequence of the electrical | 


charge equality between the electron and 
proton. But how sure are we that these 
charges are identical, and what consequen- 
ces would ensue if they were different? 

Einstein had suggested that the electron 
and proton charges (Q., Q,) might not be 
precisely equated and that: 

Q = (Q, + Q,/Q, ~ M/M. ~ 107 > 
where m „ and m,, are the proton mass of | 
GeV and the Planck mass of 10'9 GeV 


and Lyttleton noted that if QO ~ 10'8, 
electromagnetic repulsion would dominate 
gravitational attractions among hydrogen 
atoms on a galactic scale and the expansion 
of the Universe could thus be explained 
within Newtonian mechanics (Proc. R, 
Soc. A252, 313). Since that time the hot big 
bang model has been established so we may 
now take this as a possible cosmological 
bound on Q< 107'* for hydrogen. 

The first precision test on the electrical 
neutrality of atoms was performed by A. 
Picard and E. Kessler 60 years ago (Archs 
Sci. phys, nat. 7, 340). In their experiment, 


all ions were removed from a vessel con- | 


taining a gas. As the gas leaked out of the 
vessel, they measured the change in the 
vessel’s electrostatic field. If O = 0 there 
should be no change. Their limit for Q was 


| believed to be uncharged? A- nonzero 


| argument. But there is nothing that 


<2.2 x 10°! for carbon dioxide. Other ex- 
perimenters have used this technique on 
nitrogen and argon and have typically ob- : 
tained limits < 5 x 10°, consistent with. 
the standard folklore value of ‘zero’ but 
perhaps not a definitive falsification of 
Einstein’s hypothesis. Indeed J.G. King 
applied the Picard—Kessler technique to : 
hydrogen and helium and obtained a small © 


negative charge for hydrogen of (~2.5. + 


1.5) x 10-” and a small positive charge for. 


| helium of (4 + 2) x 10- (Phys. Rev. Lett. 


5, 562; 1960) . Subsequently , King has. pE 
claimed, but not to my knowledge publish- 
ed, details of a null result for H. 2 and fore ae 
where O<6 x 107?!, ce 

What about elementary particles thata are og 








charge for the neutron can be sought by 
Passing neutrons through an electrostatic . 
field. The most precise limit appears to be ee 
due to R. Gahler et al. (Phys. Rev. D25, 
2887; 1982): O(n) = (-1.5 + 2.2)x 10-2. a 
For the neutrino, the value comes from 
astrophysical arguments. If neutrinos are 
electrically charged, then photons can con- 
vert to neutrino—antineutrino pairs and af- 
fect the rate of stellar evolution. We. know - 
that our Sun has survived for over 5 x 10° 
years and this places an upper limit on. the 
rate of energy loss by a possible neutrino 
pair production. J. Bernstein ef ai. find 
that this limits the neutrino charge: Qw) 
10-7" (Phys. Rev. B2, 1227; 1963)... 
If, as generally believed, electromagnet 
interactions are described by a local a 
causal field theory, then electric cha 
must be conserved. Thus in the f -deca 
the neutron into proton, electron and 
neutrino, Q. + Q, = Q, + QO,. Soifi one 
cepts charge conservation, it provide: 
better limit on Q, than the astrophysical 
































quires each side of this relation to equal E 


| zero. 
respectively. Twenty-five years ago Bondi | 


The question of the dieetrikat charges of eds 
fundamental particles has recently beenin- 
vestigated by Okun et al. of the Institute of | 
Theoretical and Experimental Physics, 
Moscow (Phys. Lett. 138B, 115; 1984). In 


| electrodynamics, and in the electroweak 


theory of Glashow, Salam and Weinberg, 

the electric charges are not fixed: proton 

and electron could have arbitrary charges... 
The reason for this lies in the mathematical 
group structure of the theories. Elec. 
trodynamics is based on the gauge grou 
U(1), and the electroweak theory on SUQ i 
x U(1). The U(1) factor gives a freedom: toii 
the charges of the matter particles which 
form the representations of the group. The 

B -decay equality must be preserved, but the 
magnitude of Q. + Q, is arbitrary. 
However, in GUTs based on compact semi- 
simple groups, such as SU(5), the electrical 









charges are determined. If the electrical 
charge operator is a generator of a semi- 
simple group, then the sum of the electrical 
charges of the particles in a multiplet of the 
group vanishes. In the simplest GUT based 


on SU(5), the fundamental quarks and lep- | 


tons form two distinct multiplets and hence 
two separate combinations of charges 
vanish. Together with the B-decay con- 
straint, this places sufficient constraints to 
determine the charges of all the quarks and 
leptons. The electron and proton charges 
are identical and of opposite sign; the neu- 
tron and neutrino charges are both zero. 

Leptons and quarks belong to the same 
multiplet and so group transformations 
can convert quarks into leptons. As a 
result, protons, made from quarks, can 
decay. Searches for proton decay are in 
progress; the candidate events and lifetime 
do not appear to be in accord with the 
simplest SU(S) GUT. GUTs based on other 
gauge groups are still viable. The gauge 
group SO(10) is among the best investigat- 
ed. Here the quarks and leptons fit into a 
single multiplet and hence only a single set 
of charges vanishes: the charges are less 
constrained than in SU(5). Combined with 
the 8 -decay constraint one finds an amus- 
ing consequence. The hydrogen atom is 
neutral; the charges of neutron and 
neutrino are opposite but not necessarily 
zero. So hydrogen is neutral, but heavy 
atoms are not if Q, + 0. 

Do grand unified models require equali- 
ty of electron and proton charges? Con- 
versely, would a difference in their charges, 
albeit small, rule out the grand unification 
programme? Okun etal. show that, in prin- 
ciple, grand unification is possible in such 
an eventuality. However the price is that 
there must exist a number of Higgs par- 
ticles (these are predicted to be responsible 
for generating masses of W, Z particles and 
the fundamental matter field) so vast that 
their presence in virtual states would 
destroy standard low-energy elec- 
trodynamics. It is possible to avoid this 
catastrophe, but even so the models do not 
_ look very attractive. 
2a. Within the grand unified philosophy, 
< then, it seems we must have Q, + Q, = 0. 

“The present limits, of the order of 10°”, 
are tantalizing and it is by no means ruled 
out that an improvement could bring unex- 
pected results. Indeed, experiments search- 
ing for evidence of fractional charge on 
niobium balls are using balls containing of 
the order of 10” electrons and protons. If 
there is an imbalance in Q, + Q ~ a it 
would lead to.a net charge on the ball that 
could mimic- a fractional charge. This 
<- would not show up in experiments with oil 
` orsmaller metal drops, where as few as 10!” 

“protons and electrons are sometimes pre- 
sent. It is possible that null results in these 
experiments could place strong limits on 
-theelectron—proton charge equality. a 
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A finger on the pulse 


from A.F. Brading 


In the determination of the mechanisms 
used by the heart to control its intracellular 
ions and regulate the rate and strength of its 
beat, the emphasis is shifting from descrip- 
tive accounts of factors affecting intra- 
cellular calcium to a more mechanistic 
approach in which the behaviour and 
control of the various processes involved is 
under scrutiny. So much was clear from a 


recent symposium* on the regulation of | 


contraction in cardiac muscle. 

The resting level of intracellular calcium 
is controlled by a combination of intra- 
cellular buffering and transmembrane 
pumps and leaks. Experiments on intact 
muscle and on isolated sarcolemmal 
vesicles reported at the meeting brought 
out the possibility that comparatively 


simple systems may underly the. 


considerable complexities seen in intact 
preparations. From measurements with 
ion-sensitive microelectrodes of the 
intracellular activities of sodium and 
calcium and of membrane potential in 
sheep Purkinje fibres and ventricular 


trabeculea, in a variety of conditions, the 


stoichiometry required of a Na-Ca 
exchange for it to determine the intra- 
cellular free calcium has been calculated (H. 
Fozzard, University of Chicago). Fozzard 
finds that intracellular calcium adjusts so 
that the relationship between the sodium 
and calcium electrochemical gradients is 
unchanged, and fitted by a coupling ratio 


of 2.5 with a ‘reversal potential’ near the | 


resting potential. J.P. Reeves (Roche, 
Nutley) has characterized an equivalent 
system in isolated vesicles of cardiac 
plasmalemma. It consists of a symmetrical 
exchange of one Ca** for three Na* ina 


direction determined by the calcium and | 


sodium gradients and the membrane pot- 
ential. He maintains that in normal resting 
conditions in the intact heart, the exchange 


will not be at equilibrium, and will mediate | 


net calcium efflux even during membrane 
depolarizations to about 0 mV. These 
results suggest that other processes are 
more important than Na-Ca exchange in 
setting the level of intracellular free cal- 
cium, although the electrogenic exchange 


may contribute to the membrane potential | 


under appropriate circumstances. 

The rise in free calcium during the con- 
tractile cycle involves its entry through the 
membrane and release from the sarcoplas- 
mic reticulum (SR). Calcium channels and 
transmembrane calcium currents can now 
be elegantly monitored with the patch- 
clamp technique, and R.W. Tsien (Yale 
University) illustrated the behaviour of 


voltage-sensitive calcium channels in | 
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normal conditions and in the presence of 
calcium antagonists and agonists. He sug- 
gested that the calcium channel operates in 
one of three modes, within each of which 
the channel may exist in one open and two 
closed configurations, with rate constants 
dependent on the membrane potential and 
the mode. Calcium antagonists bind pre- 
ferentially to a mode in which channel 
opening is a rare event whilst the calcium 
agonists stabilize a mode in which the 
channel open-time is prolonged and the 
closed-time shortened. The mode existing 
most frequently in depolarized conditions 
is characterized by relatively short but 
fairly frequent channel openings. The 
interesting possibility was raised that there 
might be endogenous ligands which could 
modulate channel behaviour. 

Calcium release from the SR is acknow- 
leged to be one of the most important 
factors responsible for elevating free 
calcium levels. A. Fabiato (Virginia 
Medical College) has investigated its 
importance in mechanically skinned single 
cells with an exceedingly sophisticated set- 
up in which changes in the solution around 
the cell are made in a microprocessor-con- 
trolled and precisely timed sequence. The 
solutions contain aequorin, and its light 
signal and changes in tension are used to 
monitor calcium release. It seems that 
calcium entry during the spike triggers 
calcium-induced calcium release from the 
store, and depolarization of the SR mem- 
brane plays little part in the release process. 
Fabiato believes that the calcium is released | 
via a calcium channel which is both acti 
vated and inactivated by free calcium on 
the outer surface of the SR. This means 
that release is not merely triggered by the 
level of free calcium but depends also on 
the rate of change of calcium activity. 
Inactivation starts at a lower concentration 
of free calcium than does activation, and 
with a much lower rate constant. Rapid 
application of supramaximal calcium levels 
will inactivate the process before release is 
triggered, but in the continuous presence of 
supraoptimal calcium concentrations 
another process of oscillatory calcium 
release is triggered (also described by D. 
Eisner, University College, London, in 
intact tissues with elevated intracellular 
calcium) which may trigger arrythmias in 
intact heart. 

Once intracellular calcium is raised, its 
ability to activate the contractile machinery 


can also be modulated. For example, bys i 





correlating tension and intracellular. 
calcium activity (measured using 
aequorin), J. Blinks (Mayo Clinic} showed 
that, following activation of catechol- 
amine f -receptors, calcium becomes less 
effective at producing contraction, 
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whereas following a-receptor activation, 
the contractile apparatus becomes more 
sensitive to calcium. Activation of either 
receptor results in positive inotropy, but 
that produced by ß -receptor activation is 

ue to cyclic-AMP-dependent increases 
in calcium entry and calcium release from 
the SR. 

The final meeting session covered clinical 
aspects. The underlying effects of hypoxia 
on mammalian hearts and the mechanisms 
of action of cardiac glycosides and the anti- 
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arrhythmic agent lidocaine were discussed 
with reference to the involvement of the 
mechanisms discussed in earlier sessions. 
The possibility of developing more useful 
positive inotropic drugs was discussed by 
P. Poole-Wilson (Cardiothoracic 
Institute, London), but the meeting 
appeared to be somewhat pessimistic about 
this being achieved in the near future. g 
A.F. Brading is in the Department of 


Pharmacology, University of Oxford, South 
Parks Road, Oxford OX1 3QT. 





DNA replication 


A twofold amplifed view 


from David T. Denhardt 


How does the mammalian cell accomplish 
orderly replication of its genomic DNA? 
Among several hypotheses, perhaps the 
most popular is the analogy with viral 
systems — that is, specific sequences in the 
DNA are activated in a regulated fashion 
by ‘origin-activating’ proteins, which 
cause replication to begin at what would 
then be considered replicon origins. 
Recently, a window onto this process has 
been opened as the result of studies on the 
replication of amplified, or amplifiable, 
replicons. In a well designed series of 
experiments, Mariani and Schimke have 
demonstrated the amplification of the gene 
for the enzyme dihydrofolate reductase 
(DHFR) in Chinese hamster-ovary (CHO) 
cells in the course of a single cell cycle (J. 
biol. Chem. 259, 1901; 1984). 

During the normal cell cycle, the DHFR 
gene is replicated once in early S phase. 
When Mariani and Schimke blocked the 
entrance of a synchronized population of 
cells into S phase with hydroxyurea — an 
inhibitor of ribonucleotide reductase and 
so of DNA synthesis — replication of the 
DHFR gene was severely inhibited. Upon 
release from the block, the gene was rapidly 
replicated. More interestingly, and con- 
trary to expectation, when replication was 
inhibited by hydroxyurea shortly after the 
cells had entered S phase, at a time when 
the DHFR gene had been replicated, within 
12 hours the gene was replicated again. 

The evidence is convincing that, within a 
single cell cycle, twofold amplification of 
the DHFR gene occurs in a substantial 
portion of the cell population. What this 
result suggests is that when DNA repli- 
cation is inhibited by hydroxyurea part- 
way through S phase, the cells revert back 
to their pre-S state. Hence, after removal of 
the block, the cells initiate replication of 
their DNA all over again. In effect, at least 
when the inhibition occurs in early S phase, 
the cell cycle clock is turned back to the 
boundary between the G, and S phases. 

If an explanation for these events is to be 
sought in terms of ‘origin-activating’ 
proteins, one might infer that their stability 
is enhanced when DNA replication is 
inhibited to an extent sufficient to permit 


them to initiate a second round of repli- 
cation within the same cell cycle. Pro- 
grammed stability of an ‘orgin-activating’ 
protein would readily account for the 
amplification of the chorion genes of 
Drosophila follicle cells seen in the elegant 
electron micrographs obtained by Osheim 
and Miller (Cel! 33, 543; 1983). 
Reinitiation at previously used origins 
during the same S phase has also been 
detected by, for example, Lavi, who 
demonstrated that when simian virus 
40-transformed CHO cells are exposed to 
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DNA-damaging agents (alkylating agents, 
aflatoxin) both the integrated viral genome 
and certain unlinked genes (DHFR, the 
HLA locus, c-Ha-ras) are amplified 
(UCLA Symp. molec. cell. Biol. 11, 659: 
1983). Moreover Barsoum and Varshavsky 
have shown that mouse 3T6 cells, which 
amplify their DHFR genes in response to 
the presence of the DHFR inhibitor, 
methotrexate, will do so with greater 
facility in the presence of tumour pro- 
moters and mitogenic hormones (Proc. 
natn. Acad. Sci. U.S.A. 80, 530; 1983). 
Support for the idea that there are 
specific origins of replication in 
mammalian DNA was reported last year by 
Hamlin and co-workers (Nature 302, 439; 
1983). They studied the replication in 
synchronized cells of the DHFR region ina 
CHO line carrying a 1,000-fold amplified 
DHFR gene (plus adjoining DNA) and 
found that replication of each of the 1,000 
copies of the amplified DNA started in the 
same restricted region of the DNA and pro- 
ceeded away from that origin in a bidirec- 
tional manner. Although the origins of 
replication have not yet been localized to a 
defined nucleotide sequence, this will 
surely soon be accomplished. g 





David T. Denhardt is in the Departments of 


Biochemistry and of Microbiology and 
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CAMELIA VS CADET 

ON her travels in 
Wonderland, Alice was given 
the choice of heading in the 
direction of a Hatter or a 
March Hare. She chose the 
latter because ‘‘The March 
Hare will be much the more 
interesting, and perhaps, as 
this is May, it won’t be raving 
mad — atleast not so mad as it 
was in March’’. Lewis Carrol, 
and Martin Gardner after him 
in The Annotated Alice, were 
wrong to ascribe such a 
specific seasonal insanity to 
the Brown Hare, according to 
1,500 hours of observations 
by Anthony Holley and Paul 
Greenwood summarized on 
page 549 of this issue. The 
mad behaviour of hares is con- 
tinuous throughout their long 
breeding season which lasts 
from January to August, and 
is no more frequent in March 
than in any other month of 
that season. Equally wrong, 
they conclude, is the 
traditional belief that the pairs 
of hares seen madly boxing are 
both males, and that the 
boxing represents intrasexual 
competition. On the contrary, 
boxing is between a female 
and an unwanted suitor: here 
Camelia is seen to be getting § 
the better of Cadet. 
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_ Biopolymers 





from Paul Calvert 


SILK is best known as the fibre spun by the 
larvae of many moths to form a protective 
cocoon for pupation; most commercial silk 
is from the domesticated larvae of the moth 
Bombyx mori with some ‘wild’ silk from 
the Tussah silkmoths Antheraea. A great 
variety of other insects also make silks, 
fibres of which find uses as supports, 


shelters and attachments, but the real silk. 


specialists are spiders. Despite the efforts, 
in the eighteenth century, of M.Bon of 
Montpellier, who made himself stockings 
and gloves from spider silk, it has caught 
on neither commercially nor scientifically. 
Research papers on spider silk, such as that 
by Gosline ef al. on page 551 of this issue, 
are therefore rare treasures. 

Most silks are proteins, containing a 
predominance of glycine, alanine and 
serine. For instance, B, mori silk is close to 
a simple repeating (Gly-Ala-Gly-Ala-Gly- 
Ser) structure. By comparison, 
dragline silk stands out in having 10 per 
cent each of proline and glutamic acid. In 
properties and structure, the silks are first 
= cousins to the nylon fibres. Commercial 
nylons, however, do not have such a high 
density of amide units as the silks because it 
makes for strong hydrogen bonding, which 
results in a melting point too high for 
processing and a fibre that is too water- 
sensitive. A shirt that becomes elastic when 
wet could be a little discomforting; but for 
animal silk, hydrophilicity is essential as it 
permits the fibre to be spun from aqueous 
solution. 

_ The paper of Gosline et al. builds on the 
work of Work and colleagues who showed 
there to be a 50 per cent contraction, along 
with a twofold volume increase, when 
spider dragline fibres are allowed to swell in 
water (Textile Res. J. 41,650; 1977 and 52, 
349; 1982). (The Work papers are worth 
reading at least for the description of how 
to milk a spider of its dragline.) This water 
sensitivity is particularly strange in that the 
dragline must support the falling spider 
and yet the twinned lines of the garden 
spider, Araneus diadematus, which can 
weigh 0.65 g, break at | g (see F. Lucas 
Discovery 25, 20; 1964; Lucas & Rudall 
. Compreh. Biochem. 26B, 475; 1968). Such 
aclose strength specification seems to leave 


little room for rapid deceleration and none 


for unpredictable properties. . i 
> Gosline ef al. show that the uptake of 
-> water converts the amorphous regions of 
~~ the fibre to a rubbery state. Silks, like syn- 
+ thetic fibres, are composites of small 
ts crystalline regions and rigid glassy amor- 
X phous regions. For spider silks, no infor- 
- mation on the proportions of the two 
< phases- seems to have been published, but 
most natural and textile fibres are at least 
per cent erystalline. On swelling in water 
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Silken spider chains 


the glassy regions become plasticized so 
that the chains are mobile, and possibly 
some of the crystals melt. The result is that 
the structure relaxes, the chains in the 
amorphous regions coil up and the 
modulus decreases by a factor of 1,000. If 
the fibre is stretched and dried, the original 
properties return. This process is similar to 
heat shrinkage of synthetic fibres; for in- 
stance, drawn polyester fibres, when 
heated to 240°C, shrink by 75 per cent and 
the modulus drops 50-fold (M.P.W. 
Wilson Polymer 15, 277; 1974). 

The size of the modulus drop in spider 
silk is surprising. The final modulus of 10’ 
Pascals is more like that of true rubber than 
that of a partly crystalline polymer — the 
modulus of a 50 per cent crystalline poly- 
ethylene is 50 times higher. This suggests 
that the water-resistant crystallinity of 
spider silk is very low and that most of the 
dry fibre is oriented glassy material. A 
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reasonable guess would be that the high 
proline and glutamic acid contents are 
responsible for preventing much crystal- 
linity developing. This appears strange 
when the spider could have produced a 
strong water-resistant fibre of the silkmoth 
or nylon type. What the spider gains is a 
fibre that is about twice as strong as Bom- 
byx silk and has a very much larger exten- 
sion (30 per cent) before it breaks. This ex- 
tension will gradually slow the falling 
spider rather than there being a thread- 
breaking jerk. The penalty, apparently, is a 
rather disconcerting change in behavior in 
the rain. 

Synthetic fibre makers should be im- 
pressed by the range of properties at- 
tainable within the silk group and spurred 
in their efforts to control polymerizations 
to the point where silk-like structures can 
be duplicated. As a general rule it is very 
hard to increase the strength of a material 
without also decreasing the extension to 
break; the way that both are improved at - 
once in spider silk, compared with silk- 
moth silk, is impressive. E 
Paul Calvert is in the School of Chemistry and 


Molecular Sciences, University of Sussex, 
Falmer, Brighton BNI 9QJ. 





Cell physiology 


Cellular site of calcium regulation 


from Andrew P. Somlyo 


THE concentration of free (ionized) 
calcium (Ca**) regulates not only muscle 
contraction, but also a variety of other cel- 
lular processes including glycogen meta- 
bolism, secretion, membrane transport 
and permeability. In muscle, an intracellu- 
lar organelle system, the sarcoplasmic 
reticulum (SR), can store and release cal- 
cium, and so regulate cytoplasmic Ca** in 
the absence of a change in total cell 


calcium. But what plays the part of the SR | 


in non-muscle cells? The suggestion that it 
is the mitochondria seems to have 
stemmed, in part, from the great attention 
given to mitochondrial Ca** transport! ^. 
When exposed to high (unphysiological) 
concentrations of Ca**, mitochondria 
can accumulate very large amounts of 
calcium phosphate salts, nearly enough to 
be turned to stone. As known since the time 
of Lot’s wife, this is an eye-catching device, 
but not conducive to much further activity. 
Here I shall summarize some of the com- 
pelling arguments why opinion is shifting 
strongly away from mitochondria towards 
the endoplasmic reticulum (ER) as the 
regulator of cell calcium. 

Subcellular fractions containing ER and 
showing Ca**‘-accumulating activity have 
now been isolated from a wide variety of 
tissues’ '?. In some instances, contamina- 
tion by ER vesicles may account for active 
calcium uptake attributed to some other 
organelle, such as synaptic vesicles!’ and, 
perhaps, vertebrate retinal discs. The ER 


calcium pump resembles the SR system in 
using ATP (although other high-energy 
phosphates can substitute) as an energy 
source, in being enhanced by calcium- 
precipitating anions such as oxalate and 
phosphate and in being inhibited by SH- | 


reactive organic mercurials'®. Moreover, a. a 


phosphorylated 118,000-molecular weight ~ 
protein, thought to be analogous to the 
phosphorylated intermediate of the SR Ca- 
ATPase, has been identified in ER from rat 
liver'*. The affinity of several isolated ER 
preparations for Ca** is sufficiently high 
(K,,~ 0.2~0.6uM) to reduce cytoplasmic 


| Ca** to the low levels typical of normal 


resting cells. It has yet to be determined 
whether there are specialized regions of the 
ER with a high capacity for storing cal- 
cium, like the terminal cisternae of striated 
muscle SR. The identity of the subfractions 
of ER largely responsible for calcium- 
accumulating activity is not known, 
although it is probably not inherent to the 
rough endoplasmic reticulum®. 

The introduction of new techniques has 
greatly advanced the identification of the 
ER as the source and sink of intracellular 
calcium in non-muscle cells. For example,. 
whereas squid axons are sufficiently large 
to permit the manipulation of their intra- ¢ 
cellular Ca’* by internal perfusion '*'4, for 
smaller cells, membrane permeabilization 
by agents, such as saponin, has been used 
to manipulate intracellular Ca** . This has 
allowed investigators to identify the ER as 
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a calcium storage site, by showing that 
Ca** accumulation occurs even at low 
Ca** concentrations at which mitochon- 
dria cannot accumulate calcium or when 
mitochondrial calcium uptake is in- 
ibited'°.'°. Thus ER in liver cells, synap- 
osomes and macrophages has been 
shown to accumulate Ca*+ at the low con- 
centrations required of a physiological 
regulator. A more direct approach has 
been to visualize, through electron 
microscopy, sometimes combined with 
electron-probe X-ray microanalysis, the 
deposits of calcium (or strontium, which 
acts as a more electron-opaque substitute 
for calcium) oxalate in the ER of synap- 
tosomes*, squid axons", photoreceptor 
cells'® and endothelium!’ 

For the ER to regulate cell Ca**, it must 
have not only a mechanism of calcium up- 
take, but also one of calcium release. On 
stimulation of cells by hormones or trans- 
mitters, the signal for Ca** release may be 
mediated by a change in the properties of 
the surface membrane, most commonly de- 
polarization, and/or by a diffusible intra- 
cellular second messenger. The feasibility 
of the first mechanism is suggested by the 
close (about 10-20 nm) proximity of ER 
subsurface cisterns to the plasma mem- 
brane. These structures, which resemble 
the ‘surface couplings’ of cardiac, smooth 
and some skeletal muscles, have been 
observed in some non-muscle cells 8% and 
may be present in all eukaryotic cells. There 
is also evidence. that electrical stimulation 
of the surface membrane of fibroblasts, 
Š “known to contain subsurface cisternae, can 
release calcium from an intracellular 
source, probably the subplasmalemmal 
ER”. The second possibility, that an endo- 
genous intracellular messenger releases cal- 
cium from the ER, has recently received 
strong support. Thus in pancreatic cells?!, 
“in isolated hepatocytes” and in insulinoma 

cells”, a phosphatidylinositol metabolite, 
inositol trisphosphate, has been shown to 
release intracellular Ca** from a non- 
mitochondrial site, presumably. he ER. It 
was further observed th € releases 
intracellular i : 
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the SR of skeletal 
induced Ca’** releas 
been observed in. mi 
liver, | 

The first inkling t mitochondria 
might not have a significant role in the 
regulation of cytoplasmic Ca?* followed 
the observation that, in the presence of 
physiological Mg** concentrations, the af- 
finity of isolated mitochondria for Ca?* is 
too low*®. In the normal cell, Ca?* fluctu- 
_ ates, at most, from 5 x 10°8to5 x 10°°M 
X between rest and maximal activation, while 
‘the Ca** concentration required for a half- 
maximal rate of calcium transport by mito- 
chondria is 10°* M or higher”, Further- 
more, in intact cells, the calcium content of 
mitochondria is relatively low compared 





with that of the SR and even after sustained | 


creased’, 


increases of Ca?’ within the physiological 
range in maximally contracted muscle, 
mitochondrial calcium content is not in- 
On the other hand there is no 
question that in the presence of inorganic 
phosphate (P;), mitochondria can ac- 
cumulate massive amounts of calcium and, 
perhaps, become initial sites of pathologi- 
cal calcification when cell Ca?* (and P} 
rises to abnormally high levels due to cell 
damage. In injured cells, mitochondria 
may serve as the final low-affinity/high- 
capacity buffer for Ca**, and moderate 
loading of mitochondria by Ca?* may be 
an alternative to cell death. It remains to be 
shown that such cells survive and that mito- 
chondria can discharge their excess Ca2* to 
the extracellular space via the various sur- 
face-membrane-mediated calcium trans- 
port mechanisms that must ultimately 
maintain the steady-state calcium content 
of cells. One candidate for a naturally oc- 
curring ‘transmitter’ that can release mito- 
chondrial calcium has been identified: 
sodium can discharge calcium from mito- 
chondria isolated from heart, brain and 
skeletal muscle, although not from liver, 
kidney and smooth muscle mitochondria?. 

What, then, is the physiological role, if 
any, of the complicated mitochondrial cal- 
cium transport system so passionately pur- 
sued by biochemists for nearly 20 years? 
One possibility is that, although mitochon- 
dria do not have the capacity to regulate 
cytoplasmic Ca’*, they themselves can 
respond to changes in cytoplasmic Ca?+ 
concentrations by producing very small 
changes in the Ca** of the mitochondrial 
matrix space*’. A number of the mitochon- 
drial enzymes (dehydrogenases) are sensi- 
tive to Ca** in the range 0.1-10 uM. 
Therefore, small changes in mitochondrial 
Ca**, achievable by even a relatively ineffi- 
cient (low-affinity) calcium transport sys- 
tem, could have important effects on oxi- 
dative metabolism. 

While far from complete, the case (even 
in plants) for the ER as the major intra- 
cellular regulator of Ca** has clearly 





100 years ago 


ARRANGEMENTS have been made by the Council 
of the Scottish Meteorological Society for the 
completion this season of the Observatory of 
Ben Nevis. The first portion of the Observatory 
was, it may be remembered, opened in October 
last, and since the observers went into residence 
continuous hourly observations have been made 
of the conditions of the atmosphere at the top of 
the Ben, with special reference to temperature, 
pressure, humidity, and motion. From the dis- 


cussion of these, and what were daily made by — 


Mr Clement L. Wragge in the summers of 1881 
and 1882, by the Secretary, Mr Buchan, the 
Council have been fully confirmed in the high 


become much stronger during the last few | 





$17 


eeermmm anra a 


years. The lumen of the ER communicates... 
with the perinuclear space where, in some 
instances, high concentrations of calcium < 
(or strontium) have been demonstrated. 
Perhaps an ER system, capable of accumu- 


lating calcium against a gradient in the — 


nuclear membrane, was acquired with the _ 
nucleus when cells became eukaryotes. 
Unfortunately for biologists, living sys- 
tems often evolve to use different struc- 
tures and mechanisms to solve the same 
problems (photoreceptor systems and con- 


_tractile regulation are but two examples), 


and grand unifying schemes with funda- 
mental principles applicable to ‘all 
cells’ are rare. In the regulation of cell 
Ca** by the ER in all nucleated cells, we 
may have arare example. i] 
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expectations they had formed. concerning the ont 


value of a high-level station, both in its bearing nee 


upon general meteorological problems; andalso- 


with reference to possible forecasts for theo- 
British Islands, The additions to be made to the > 


Observatory will just double its size, and enable 
the three observers — who during the winter have 
been considerably cramped in their one apart- 
ment — to work under more comfortable con- 


ditions. On the south of the present doorway 


there is to be erected a shelter for tourists, The 
estimated cost of the completion of the 
Observatory will be 8001., which is, however, 
irrespective of a heavy item of charge for con- 
veying on horseback the materials to the top of 
the hill. It is understood that the cost of equip- 
ment and maintenance of the Observatory 
heretofore has been heavier than was antici- 
pated. The directors intend shortly to make a 
fresh appeal for funds to the public, which will 
no doubt be as liberally responded to as was 
their last, 

From Nature 30, 179, 19 June 1884. 























O Str — In a field as complex as 
_ carcinogenesis, it is difficult to distinguish 
‘- between cause, correlation and conse- 
quence. No thoughtful biologist needs to 
be reminded of the many cancer theories 
propounded in this century. The current 
version is represented by the flood of 
papers on oncogenes and karyotypic 
abnormalities as the underlying cause of 
cancer, with amplification in the popular 
press. 

The problem in unqualified acceptance 
of the claims can be illustrated by an exam- 
ination of some details of specific and non- 
specific chromosome changes in cancer. 
The most thoroughly investigated of the 
specific or nonrandom changes is the 
Philadelphia chromosome (Ph!) asso- 
ciated with over 90% of human cases of 
chronic myelogenous leukaemia (CML)! >. 
However, there are patients with typical 
CML whose leukaemic marrow cells are 
Ph! negative at first, but become Ph! 
positive later*. In one case, Ph’ negative 
and Ph! positive cells were observed in the 
same clone of leukaemic cells’. The 


evidence suggests that blood cells remain — 


karyotypically normal but unstable for 
some time after the initial malignant trans- 


formation but provide a milieu favourable | 


for the establishment of the Ph! anomaly’. 

Similar evolution of nonrandom 
chromosome alteration occurs in sarcomas 
induced in rats by infection with the 
Schmidt~Ruppin strain of Rous sarcoma 

_ virus. More than 80% of the tumours have 
a normal diploid stemline®. In some cases, 
all the cells are normal diploid while in 
others there are a few near-diploid sidelines 
or pseudodiploids. In older tumours, how- 
ever, heteroploidy is common and usually 
involves the specific, sequential addition of 
three particular chromosomes. Without a 
careful impression that the chromosonal 
aberrations are a prerequisite for tumour 
formation since the predominance of nor- 
mal diploid cells in early tumours is some- 
times not noted when the nonrandom 
changes are discussed’. 

Many of the reports of nonrandom 
chromosome changes or activated onco- 
genes in tumours are based on studies of 
cultured lines of the tumour cells. The 
caution that must be used in interpreting 
them is illustrated by a study of eight human 
gliomas®, each of which had a unique and 
broad distribution of karyotypes ranging 


from hypodiploid to as much as hyper-. 


tetraploid when first placed in culture. Ref- 
erence sets of frequent: karyotypes were 
|. established for each of the tumours, only 7 
~~. to 25% of the clonal karyotypes. were rep- 
2. resented in the reference sets. Thus in no 
case were the cells which were maintained 












umour, and any ‘conclusions drawn from 


-culture representative of the original. 


lysis could not be applied to the | 
umour cells. All of the eXx= |oo 


amples given demonstrate that progression ‘| The rarer, 


Ny utations and oncogenes — cause or effect 


within the tumour and selection in culture 
obscure the relationship between cause and 
effect. 

Chromosome studies have an advantage 
over molecular analysis of oncogene 
analysis because karyotypes can be ob- 
tained of individual cells, and a population 
distribution determined, whereas the bio- 
logical and chemical methods used to 
identify oncogenes represent an average of 
the whole of the population. Furthermore, 
karyotype analysis is technically sim ple and 
has been pursued even in clinical 
laboratories for many years, so it has pro- 
vided a depth of information, particularly 
in human cancer, not yet available in onco- 
gene studies. 

There are, however, hints that the 
questions raised about the role of chromo- 
some changes in tumour development have 
their parallels in studies of oncogenes. 
Most of the positive reports of oncogene 
activation derive from transfection studies 
with DNA from cell lines?. (Chemical 
identification of activated oncogenes in 
some 50 reported cases of human cancer 
has been negative’). The most prominent 
cellular oncogenes are related to acute viral 
transforming genes which are known to 
give a selective advantage for cell growth in 
culture. The possibility must therefore be 
considered that cell structure selects for a 
minority mutant cell in the original tumour 
population. The activated oncogene would 
then be no more representative of the 


tumour cells than was the clonal karyotype | 


in the glioma representative of the tumour 
karyotype. 

It has recently been shown that a human 
osteosarcoma cell line which was negative 
on transfection to NIH3T3 cells could 
become positive after treatment with 
N-methyl V'-nitro-N-nitrosoguanidine 
(MNNG), a mutagen and carcinogen". 
The chemically-transformed cells were 
more transformed in appearance than the 
original cancer cells and produced more 
tumours in nude mice. Obviously the 
“oncogene activation’’ was an epipheno- 
menon unrelated to the original tumour. 
Although this activation may have played a 
role in the secondary transformation of the 
tumour cells in culture by MNNG, even 
this is uncertain, since a similar enhance- 
ment of the transformed phenotype in the 
same cancer cells by another carcinogen 
was not accompanied by detectable 
onocogene activation. Many more incon- 
sistencies in the ever burgeoning oncogene 
literature could be cited to raise suspicion 
about their purported role in carcino- 
genesis (see ref. 9). Atthe most, their rolein 
tumorigenesis appears to be auxiliary'', at 
the least inconsequential. 

As confirmed recently in Nature, the 


initial effects of carcinogenic treatment 


affect the entire population of exposed 
cells!? and therefore cannot be genetic. 
random occurences which 


ba 





characterize the secondary stages of 
transformation!? can be explained as well 
by differentiative'? as by mutational 
events. Indeed, the great mass of (largely 
dormant) evidence which indicates tł 
cancer is the far end of a spectrum of! 
development of cell and tissues'*:!5 seems ` 
to be only selectively disinterred to 
rationalize gaps in mutational theories of 
cancer, The lack of an adequate 
mechanistic explanation for develop- 
mental processes and their derangement is 
no justification for ignoring them. 

HARRY RUBIN 
Department of Molecular Biology, 
University of California, 
Berkeley, California 94720, USA 
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Oligodendroglia in 

multiple sclerosis 

Sir — The report by Ludwin’ that the oligo- 
dendrocyte proliferates around an in- 4 
jury to mouse brain is of great relevance to 
previous studies on the neuroglia in mutli- 
ple sclerosis (MS). Some twenty years ago, 
we demonstrated proliferation (or at least 
increased numbers) of oligodendroglia at 
the edge of active MS plaques’. This 
observation has recently been confirmed 
by electron microscopy’. 

Although oligodendroglia are essentially 
absent from the centre of MS plaques*?*, 
their proliferation at the edge of the lesion 
suggests either a response to injury or their 
involvement in repair of the damaged mye- 
lin. Ludwin’s dynamic isotope study clari- 
fies the controversial issue of the oligoden- 
drocyte’s potential to undergo hyperplasia 
and possible role in repair. 

C.W.M. ADAMS 
Department of Pathology, 
Guy’s Hospital Medical School, 
London SEI 9RT, UK 
tL. Ludwin, 5K. Nature 308, 274 (1984). a 
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Archaeomagnetic dating of Santorini 
volcanic eruptions and fired 








destruction levels of late Minoan civilization 


W. S. Downey” & D. H. Tarling 


Department of Geophysics and Planetary Physics, University of Newcastle upon Tyne, Newcastle upon Tyne NEI 7RU, UK 
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Archaeomagnetic dating on the Minoan ash horizons of the Santorini volcano and on fired destruction levels at late Minoan 
sites on Crete demonstrates that the basal (Plinian) air-fall ash of the first *Minoan’ pumice is contemporaneous with the 
destruction levels on central Crete, while the higher ‘Minoan’ ashes are contemporaneous with the destruction levels in 
extreme eastern Crete. These destruction levels were almost certainly caused by seismic activity, rather than the ash fall. 2 
The determination of a time gap between these events lead to a reappraisal of the archaeological evidence and is important © 
volcanologically. ee eee 





_ THE excavation of a highly advanced Bronze Age culture in 
Crete and surrounding islands at the turn of this century, led 
to speculation’ that this Minoan civilization was the basis of 
some Homeric legends and also of Atlantis. Further excavations 
apparently indicated that the widespread devastation and exten- 
sive burning of towns, palaces and isolated villas were syn- 
chronous’, and that this appeared to be simultaneous with the 
eruption of the Santori ) volcano, 120 km north of Crete 
(Fig. 1). Marinatos’ proposed that there was a direct relationship 
3 nts and others, such as Luce*, have shown 
| ciation is consistent with features of the Atlantis 
ide Tt has also. b sen shown’ how the volcanic activity could 
account for the Egyptian plagues and events that occurred as 
= Moses was leading the Israelites out of Exile. 

~The distribution of ash in the Eastern Mediterranean and 
seasonal wind patterns suggest a summer eruption’ and Biblical 
references’ also indicate late spring or early summer. The ashfall 
could thus have directly destroyed growing crops. The ash clouds 
may have contained fluorine’. It has also been suggested”'” that 
tsunamis destroyed the Minoan fleet, leaving the area open to 
invasion. However, objections have been raised to such sugges- 
tions particularly as they depend on the eruption of Santorini 
being synchronous with the destruction levels. Unfortunately 
no dating method is sufficiently accurate to determine the date 
of either event. Dating by ' “C has given a wide variety of 
ages’! ithe most widely ace pted are between 1700 and 
1200 BC, mainly because ge is broadly consistent with 
, ‘is based on wall paintings 


the archaeological evid : 

in Egypt, contemporaneous wit! | Thotmose III, which depict 
envoys from Crete attributable to late Minoan IB (LMIB) 
times. LMIB vases in Egyptian tombs of this age indicate that 
Cretan LMIB time corresponds with Thotmose’s reigh, 1503- 
1447 BC”. 

Acidity layers in the Greeniand j ice sheet, attributed to pollu- 
tion of the atmosphere by the Santorini eruption, have a calcu- 
lated age of 1390 Bc'*, while frost damage in tree rings of the 
bristlecone pine in southern California have been dated as 
1626 BC'”. If Exodus” does record the Santorini volcanic events, 
this was 480 yr before Solomon’s fourth year: 1446 BC, although 
_ther dates have been suggested, such as 1250 Bc (J. V. Luce, 
personal communication). There is thus no consensus of any 





















~~ one date for the volcanic eruption. 


Archaeomagnetism’'** has conventionally been used as an 
‘absolute’ dating method, based on the fact that fired materials 
* Present address: Dipartimento di Scienze della Terra, University of 

Naples, Italy. | 


_ are capable of retaining a magnetic remanence so that. thi 


basis that the archacomagnetic study of the Santorini vol 


> was found that almost pure” aing maneji 
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direction and intensity of the geomagnetic field can be det 
mined for the time that the materials were cooling. For period: 
when the directional and intensity changes are known, ‘su 
fired objects can be dated by comparing their properties with 
that of the previous geomagnetic field. Advances have be 
made in establishing such geomagnetic secular variation record 
in many parts of the world, with results from Bulgaria”’, 
particular, extending the knowledge of the geomagnetic fiel 
southeastern Europe over the probable age of the Minoan 
tions and destructions. However, such records are still s 
their ages largely based on '*C determinations which mean y; 
no absolute time scale for secular variation during the Min 
period has been established. However, relative dates 
determined, Materials magnetized at the same time in 
region will normally have identical directions and the inten 
of the geomagnetic field would also be the same. It was o 





was initiated** and extended to late Minoan sites on Cr 
(see Table 1). 


Collection and analysis 


To establish synchroneity, sufficient samples had to be collecte i 
to allow averaging out of random errors, and had to be meast 
with great care. The ashes were particularly difficult to sample 
as most are either unconsolidated or only loosely consolidated. 
Collection was by the disk method”, i in which 2.5-cm plastic 
disks are glued to the sample, oriented and removed, with the aS 
sample attached, for measurement in a version of the Digico 
magnetometer”. The flat, upper surface of the disk was oriented _ 
with an inclinometer and, wherever possible, a Sun compass. 
Unfortunately some archaeological sites were protected by ac 
roof so that magnetic compass orientation was necessary ọn 
some occasions. The individual orientations are considered to 
be accurate to about 1°, comparable with the instrumental -> 
measurement error, so that each sample error is thought to be 
of the order of 1-2°. The identification of individual components 
within any one sample is less precise but such errors should be. 
random and are thus reduced by averaging. The ancient intensity. 2 
of the geomagnetic field in which the geological and archaeolog 
cal materials originally eooledy was aerenminag mi a modi! 
Kono and Ueno” method. DE E 
The magnetic minerals were identified šini 

netic properties, X-ray. diffracti tem 
microprobe, thermal and alternating mz 








remanence carrier~in both “archaeological and To 








Table 1 Details of Cretan late Minoan sites 
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Site Area Description and location of sampled areas | 
Malia Palace (13) Area to the east of L’entree sud: samples burnt mud-brick from walls of low elevation. 
House (Aa) Room 7, purification chamber; inner part of NNE-SSW wall. Area 5—‘block-wall’ running 24 
parallel to wall of room 7 (hard ‘vitrified’ sandstone). Wall to east of rooms 10 and It. Room 8, 
small partition mud-brick wall (magnetic compass). 
Knossos Stratigraphical Upper kiln walls and kiln chamber end of channels: circular sampling distribution (magnetic 26 
museum compass). 
extension 
site kiln 2 
Sklavokambos Villa Room 18 to west of small central court (possibly storeroom or kitchen). Interior of east wall 16 


dividing rooms 18 and 15. Room 10—burnt mud-brick and limestone samples. 


Phaestos Palace 


3 areas: (1) area 101 beyond NE area of Palace (burnt mud- brick partitions). (2) Area to north of 17 


central court (open paved corridor*') vertical burnt plaster walls on east sides of corridor 41. (3) 
North wall of room 70 to NW of central event (possibly a lustral basin or guard room). 


-Hagia Triada Palace 


Areas near room 8 and 12—east facing wall at bottom of staircase (scala 60), burnt floor at base 17 


of staircase to west of room 8, west interior wall of room 8 at top of scale 60, north exterior 


wall of room 12. 


Gournia Town House Ac 


wall were exposed. 


Room 16—large floor level mud-brick wall—samples from top to bottom exterior and interior of 30 


Makrygialos Villa Samples of burnt mud-brick from low elevation walls (all orientations) and pillar bases. Also floor 38 
samples. 
Palaikastro Town Burnt sandstone and mud-brick from low elevation walls (block N). Burnt floor from compart- 59 
{Block N) ment 9. : f 
Kato Zakros Palace NE annexe of palace, room N; NE-SW wall, pantry LI; staircase of the shrine; inner N wall of 49 


pantry, stores L; inner E (NE-SW) wall, pantry store L; inner E (NE-SW) wall; pantry stores 
LI. Outer S (SE-NW) wall, pantry store L; N wall, room XI E of door; N wall, room XI, W of 
door; NE-SW wall, room XH (inner) to W of steps: NW-SE wall, room XI, E of door; NW-SE 
wall, room XV, W side: NW-SE wall room XV, SE corner; N edge of wall extending NE from 
room XXVI: NE-SW wall, room XXVI (W edge), NW-SE wall, room XXV (treasury); NE-SW 
wall, room XXV (above archive niches); doorway of N wall between rooms XXVH and XXVI. 


(All burnt mud-brick.} 
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samples, occurring within rapidly chilled minerals within a 
glassy matrix in the tephra. Subordinate titanomagnetite (X = 
< 0.4; Curie temperature 420°C) occurs as early phenocrysts in 

the tephra. The magnetic behaviour” indicated that the 
remanence was carried by either single domain or pseudo-single 
domains. The archaeological materials, mostly burnt mud bricks 
from large in situ structures, had been heated to temperatures 
above the Curie point of their magnetite. However, even uncon- 
solidated charcoal ashes taken from floors (Hagia Triada palace 
and Palaikastro block N) were found to contain a stable 
remanence with identical directions to those of the associated 
burnt mud brick walls. 


Results from Santorini 


Any interpretation of the magnetic data from the volcanic 
deposits requires an understanding of how their magnetization 
was acquired. If they were emplaced at a temperature below 
that of their Curie temperature, then at least two primary com- 
ponents would be present—one acquired before and one after 
emplacement. Higher reliance can be placed on directions from 
a single-component system and palacointensity determinations 


from.a multicomponent system will be particularly difficult to 
evaluate, Samples of Minoan tephra were taken from locations | 


l anging from close to the vent (Thera quarry) to 
< those overlyin the Minoan city of Akrotiri, 7km from the 
former vent (Fig. 2). Analysis of the components, similar to that 
described by Hoblitt and Kellogg”, yielded emplacement tem- 
_peratures of 300°C for both the Plinian ashfall and the base 
urge deposits at Akrotiri, and significantly higher values, 

00 °C for both. layers, nearer to the vent. The tephra deposits 
overlying | the base surge at Thera quarry were emplaced at lower 
temperatures, 300-400 C, „Showing that these originated as ash 
ows and not mud flows” 
t several sites on the eastern coast of Santorini, yielded higher 















. The overlying ignimbrites, sampled 


temperatures, above 500°C. (These emplacement temperature 
results will be discussed in detail elsewhere’ ’.) 

The presence of two primary components of remanence in 
many of the ashes overlying the base surge and below the 
ignimbrites meant that careful analyses were required to separate 


the two components, and it was frequently the value of the 
component being removed during partial demagnetization that A 
provided a more accurate definition of the lower temperature 





component than the component remaining. The ignimbrites and 
base surge deposits in the quarry were characterized by a single 
primary component and could be analysed more simply, 
although these were also subjected to both alternating magnetic 
field and thermal demagnetization, determination of linearity, 
planarity, and so on**. These analyses generally demonstrated 
extremely high stability using any of the standard measures, 
such as the stability index”, although 25% of the volcanic 
samples had to be rejected where the different components could 
not be adequately separated. Most difficulty was encountered 
in the ashes immediately overlying the base surge deposits but 
excellent results were obtained from the Plinian ashfall, the base 
surge and the overlying ignimbrites. The geological and 


_ geochemical evidence indicates that the base surge, overlying 
choatic tephra and ignimbrites are essentially part of the same 
eruptive sequence** and therefore the less well-defined results 


from the chaotic ashes make little difference to the final con- 
clusions. 

After removal of viscous, short-term components by partial 
demagnetization, the directions of the component acquired a 
and just below, the emplacement temperature were combined 
for the different volcanic units. This showed that the Plinian’ 
ashes were characterized by distinctly steeper inclinations than 
observed in the overlying ashes and ignimbrites, but all overlying 
tephra showed mutually consistent directions (Table 2, Fig. 2). 


The observed difference clearly indicates an age gap between 
the Plinian and base surge deposits, although this had not been 























Fig. i Map of the sites and mean 
directions on Crete and Santorini. 
-” The mean directions are illustrated 
by means of a segment of an equal- 
area stereographic projection. In 
this projection the central line indi- 
cates north and the inclination 
varies from zero on the circumfer- 
ence to vertical at the centre. The 
mean direction is shown as a dot, 
the size of which is already greater 

than the 95% precision parameters | 
associated with it. The declinations 
are more westerly for the pro- 
jections on the left, but are not very 
different from those of the other 
projections. However, the inclina- 
tions are statistically steeper on the 
left than those on the right and this 
difference is supported by the avail- 
able palaeointensity determina- 
tions (Table. 2). 


expected from previous PEE and. geochemical studies” 
These showed little or no difference between the composition, 
refractive indices, and so on, of the Plinian ashes and the bottom 
of the base surge. Geochemical changes from within the base 
ue a ae into the overlying ashes- were not considered 
eba “ overlying chaotic tephra were 
olcanic sequence of events. Closer 
indicates that the similarities between 
je base surge are restricted to the very 
iyers of the surge deposits and could be explained if 
me Plinian ashes were incorporated in the. surge as it scoured 









across their surface. We suggest that geochemical differences 


may exist, consistent with the magnetic evidence for a significant 
time gap between the Plinian ashfall and the base surge events. 


(These new magnetic results differ from those originally obtained 7 





P „Table 2 Directions and palaeointensities of geomagnetic fields recorded on 


mon and Crete 





Palaeointensity © 
Mean directions G0 T) | 
Decl. inel. 
Site (deg) (deg) a, No. Intensity sd. No. 
Palaikastro 355.1 $54 L859. 0.530 0.030 9 
(block N} 0 e a ARL l 
Kato Zakro oo. 3558. S46 19- 49 0.607 0024 6- 
(palace) a N a a 
Makrygialos 57.5 1.4 32 0.619 0.057 5 
(villa) 


Paroxysmal tephra > 





Gournia (house 336.1 
Ac, 16) ee Lae 
Malia (palace 3561. 596 l4 20 0.617 0.026 7 


area 13) eV gees 

Malia (house Aa) 356.6599 32 22 neon ae 

Knossos (kiln 2 355.2. 608 16 28 0.615 0.067 3 
mus, ext) 

Sklavokambos 354.3 59.1 39 16 0.692 0.027 § 
(villa) 

Phaestos (palace) 356:5 611 1.7 17 0.673 0.066 4 


_ Hagia Triada 353.8 601 23 17 0.681 0.020 6 


{palace} | 

`. Phinian ashfall 359.7 61.1 32 40 0.670 0.100 6 
Akrotiri 10.6 57.3 3.6 17 0.510 0.049 6 
(hearth af) 

Akrotiri — — -— m 0.578 0.072 5 
(pottery) 
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from the Plinian ash and base surge deposits’, mit previou 
sampling methods had restricted the collection to volca 
bombs which are now known not to be characteristic. of 
main tephra deposits.) Z 
The only archaeological site which could be studied on San 
torini was a small hearth structure at Akrotiri (Arvaniti- Fa 
Unfortunately the roof over the site. prevented the use of 
compass and the large pithoi nearby may have affected 
magnetic orientations. This could account for the higher scat 
(a = 3.6") than observed at most other archaeological. si 
examined in this study. The mean direction differed 
of all of the overlying ashes (Table 2), although this. 
was not statistically established at a 95% probabi 
However, the palaeointensity determinations on both th 
and some pottery sherds also indicated an age differe 





Ten Minoan excavations were visited. on Crete (Fig. D, andt 
final destruction levels were sampled. To detect any « 
caused by anisotropy or magnetic refraction, samples we 
from walls in different orientations and, in the case 
systematically around the wall linings (see Table i No 
was found for either magnetic refraction or anisotro 
of each site was ascertained by consultation i 
ogists and from literature. In all the cases 
considered to represent the ‘final’ Minoan c ctior i 
(At Knossos, habitation. continued long after the cessation o ae 
the Minoan civilization.) These levels have largely been dated — 
on the basis of associated pottery using, for example, Popham's _ 
classification’ and are generally regarded as LMIB, correspond- 
ing to the presence of a ‘marine’ style of pottery, and therefore _ 
younger than late Minoan I A (LMIA) with a characteristic _ 
‘floral’ style, although this style persisted into LMIB times. There 
is controversy about the stylistic classification of some isolated 
pots and the absence of LMIB pottery does not mean that none — 
will be found or that the extant pottery style at one location — 
was not contemporaneous with LMIB styles as defined. at 
Knossos. At Malia palace, for example, few pots of confirmed - 
LMIB have been found (O. Pelon, personal communication) — 
while LMIB pottery is abundant at Palaikastro. r 
The presence of single primary magnetic components of very 
high stability, carried by single or pseudo-single domain mag- 

















netite, allowed very precise definition of the directions at each 







locality. The directions at the sites in eastern Crete (Palaikastro r 
and Kato Zakros} were found to be identical, with the: mean i 
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Fig. 2 Sampling sites in Santorini. Most of the tephra sampled 
were from the sequence exposed in the Thera quarry. 
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Fig. 3 Changes in the geomagnetic field as recorded in eastern 

Mediterranean sediments. New magnetic studies™ of the VEMA 

V10-50° core of the eastern Mediterranean sediments show a 

decrease in inclination with time in the carbonates overlying the 

Minoan tephra, consistent with the archaeomagnetic studies on 
Santorini and Crete. 


inclination at the other eastern Crete site, Makrygialos, being 
only slightly steeper. The remanent directions at sites from 
central Crete (Malia, Gournia, Knossos, Sklavokambos, Phaes- 
tos and Hagia Triada) were significantly different from those in 
the east, yet were all mutually consistent (Table 2, Fig. 2). The 
same differences and similarities were then confirmed by 
determination of the palaeointensity of the geomagnetic field 
(Table 2), although such determinations are less precise. These 
results were unexpected as it had been thought that the final 
destruction levels on Crete would have had similar ages. More 
surprising was the observation that the directions and palaeo- 
intensities determined for central Crete were the same as those 
of the Plinian ashfall deposits on Santorini, while the directions 
of the sites in eastern Crete were the same as those of the later 
paroxysmal tephra deposits on Santorini. The central Crete 
- destruction levels are archaeomagnetically synchronous with the 

Plinian ashfall and there is a time gap before the destructions 
in eastern Crete and the paroxysmal eruption of Santorini. 


‘Conclusions 
. The fact that the Akrotiri hearth appears to have been last fired 
-at some time before the destructions in Crete and also before 
the ashfall on Akrotiri is consistent with the archaeological 
evidence? that this Minoan settlement was originally 
“destroyed by an earthquake and that partial clearance had been 
< undertaken before it was covered by ash. However, the scatter 
-in both directions and palaeointensities needs to be improved 
and this is, anyway, only one structure. The determination of 
reliable LMIA geomagnetic field parameters, therefore, still 
< require examination of an undoubted LMIA destruction level. 
- While a difference in time between the Akrotiri hearth and the 










central 
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basal Plinian ashes can be cpeuiderea as strongly indicated, 
rather than confirmed, there is little doubt about the difference 
between both the directions and palaeointensities of the Plinian 
ash/central Crete sites and those of the paroxysmal 
tephra/eastern Crete destruction levels. However, any eval 
ation of the actual time represented by the age difference can 
only be an approximation. If the central Cretan sites and the 
Thera basal pumice values are combined, giving equal weight 
to each fired or volcanic level, then their mean direction is 356.1°, 
60.0° and the 95% confidence radius is 0.9°. (Knossos is excluded 
because the only site that was allowed to be sampled was a kiln 
which may not have been fired at the time of the destruction 
level—-although its similarity in direction and intensity suggests 
that it was last fired within 2-3 yr of the destruction levels at 
other central Cretan sites.) Combining Palaikastro, Kato Zakros 
and the paroxysmal Minoan tephra directions gives a mean 
direction of 357.1°, 54.8° and a 95% confidence radius of 2.6. 
The difference in direction is thus 5.2° with the summation of 
the 95% radii as 3.5° (calculated on a conservative level of 
analysis as a smaller precision is obtained when these are com- 
bined at a sample level). The difference in direction, 1.7-5.2°, 
is small although clear and confirmed by the palaeointensity 
differences. However, the rate of secular variation of the geomag- 
netic field is not known for this time. A few records from 
Bulgaria?” span the probable age of these events, but lack of 
information on the precise age of the Santorini/Cretan events 
and errors in the °C dating for this time makes any comparison 
uncertain. New magnetic studies” of the VEMA V10-50 core 
of sediments from the eastern Mediterranean’ confirm that a 
major tephra layer, previously attributed to the Minoan eruption 
on the basis of refractive indices, also has identical Fe: Ti ratios 
and Mn, Al, Si and Mg content in its magnetic minerals. The 
overlying carbonate sediments show a decrease in inclination 
during this period (Fig. 3) but the rate can only be calculated 
from sedimentation rates which are themselves only estimates. 
Thus the change in inclination could be some 0.07° yr” ', which 
is slower than the present-day total change in the regional 
geomagnetic field of some 0.25° yr’. The difference in time 
could be between 100 and 7 yr but the longer time interval seems 
unlikely, and it is archaeomagnetically unlikely that the time 
difference could be as low as 7 yr as the observations from the 
tephra deposits would then show some degree of smearing. A 


time gap of some 20+ 10 yr therefore seems to be the most... 


reasonable estimate for this interval. 


Implications 

The mere existence of a time gap is significant. The fact that it 
was the central Cretan destruction levels that were archaecomag- 
netically synchronous with the Plinian ashfall means that the 
ash itself can have had little direct influence on the Minoan 
civilization on Crete. The thickness of the ash mantle over 
Santorini would probably have made it essentially uninhabit- 
able, but only 5 cm of ash is thought to have fallen on Crete** 
and this was mostly in the east, where civilization appears to 
have continued. It seems almost certain, therefore, that the 
Cretan destruction levels were caused by an 
earthquake—the intense burning presumably resulting from oil 
spills catching fire, and so forth. Knossos seems to be the only 
central Cretan site in which habitation continued after seismic 
devastation, which may imply that this area is geologically less 
vulnerable to earthquakes. Some 10-30 yr later, the violent erup- 
tion of Santorini was probably accompanied by tsunamis and 
air percussion waves. It seems unlikely that tsunamis were the 
direct cause of the destruction of the remaining Minoan settle- 
ments on eastern Crete as extensive fire destruction is incon- 
sistent with such an explanation. If this ‘final’ event was only 
a few years after the Plinian ashfall, with associated earthquakes, 
then weakened buildings are likely to have been flattened by 
the percussion air wave, but a time interval of 10-30 yr would 
suggest that this destruction level was also associated with 
earthquake activity, rather than being directly caused by the 





























JUNE 1984 


= volcanic eruption. Such earthquakes would obviously be related 
to the increase in volcanic activity but the firing was again 
probably due to the seismic disturbance. Firing by invading 
Myceneans**”? immediately after the seismic destruction cannot 
_be excluded, although the extent and intensity of burning is 
comparable with the central Crete destructions which are not 
considered to be associated with invasion. 

This hypothesis for the end of the Minoan civilization has 
little direct bearing on postulated similarities with the Atlantis 
legends or with Exodus. Plato’s descriptions do not obviously 
refer to volcanic activity, but are consistent with the second 
eruptive phase, because the end of Atlantis would then relate 
to the sudden end of the Minoan civilization simultaneously 
with the disappearance of th land of Santorini as its 80 km? 
caldera formed. eerie 

Other implications of this Sudy include the evolution of this 
form of volcanic activity and the determination of tephra 
emplacement temperatures. Another implication is the way in 
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which earthquakes near Crete can affect different parts of this 
island. This seems to be consistent with the evidence for changes 
in sea-level™ which also define separate tectonic units. These, 
and the archaeological implications clearly require study of 
Minoan destruction levels at other places t irtic 
at Knossos. It would be especi 
archaeomagnetic observations | 
dated Egyptian sequences, as we 
both the relative and absolute a 
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THE cellular proto- oncogenes of the transforming genes from 
Harvey and Kirsten murine sarcoma virus (c-ras™ and c-ras* 
respectively) represent two members of a family of related genes 
called ras (ref. 1). Activated forms of these genes have been 
isolated from some human cancers and/or cancer-derived cell 
lines that are able to transform NIH 3T3 cells in a transfection 
. assay. Point mutations at amino acid position 12 or 61 (refs 2-9) 
have been shown to be necessary and sometimes sufficient for 
the transforming phenotype~’. 
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: echaromyces cerevisiae, containing disruptions of either of two genes that’ are members of the ras 
oncogene famil are viable, but haploid yeast spores carrying disruptions of both genes fail to grow. 
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The ras gene family shows extensive evolutionary conserva- 
tion'’. Cellular ras genes have been found in a wide variety of 
vertebrates. The known range of conservation has been extended 
to Drosophila melanogaster'' and, now, to the yeast. Saccharo- 
myces cerevisiae'*'*, Recently, there have been isolated fro : 
yeast genome two DNA fragments that cross-hybridize with a 
viral ras probe'*, while a gene located near the yeast actin and 
tubulin genes also shares homology with the ras gene family'’. 
A set of in vivo-labelled yeast proteins are specifically. 
immunoprecipitated by anti-ras monoclonal antibodies pre- 
pared against the mammalian ras-encoded protein, p21 (ref. 14). 

The DNA sequences of the two ras-related DNA fragments 
isolated by DeFeo-Jones et al’? (c-ras®I and c-ras*°2) have 
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Fig 1 Restriction endonuclease 
maps of the cloned RAS*/ and 
-= RAS*2 genes and recombinant plas- 
mids used in the gene disruption 
experiments. The hatched portions 
of each map correspond to the loca- 
O thon of the yeast RAS gene. The plas- 
mids were constructed as follows: 
pRa545, a 1.i-kb HindIH fragment 
containing yeast URA3 was ligated 
into the RAS*/ gene, at the Xbal 
sites; pRa494, the URA3 gene was 
substituted for the HindIII fragment 
containing RAS*“/ and the HindIII 
fragment adjacent to it; pRa530, a 
4-kb Pst) fragment containing the 
yeast LEU2 gene was ligated into the 
Psti site within the RAS™2 coding 
` sequence. DNA restriction fragments 
Co to be subcloned were gel-purified 
>> and ligated using published pro- 
< -eedures**, The URAI gene present 
in pRA545 and pRa494 and the 
o LEU2 gene in pRa530 were derived 
from YEP24 (ref. 35) and YEP13 (ref. 
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Ey <36) respectively. To construct pRa545, the two small Xbal fragments present within RAS*/ were replaced by a URA3-containing Hindlil 











` been determined and are presented elsewhere'*'®. Sequence 
_ analysis of the two genes, designated RAS*“{ and RAS™2, 
- reveals open reading frames of 309 and 322 amino acids respec- 
tively. The putative proteins encoded by these reading frames 
are highly homologous to each other for the first 180 amino 
© acids, at which point they diverge. Homology is again found at 
- the extreme C-terminal end of each peptide. A striking pattern 
of amino acid sequence homology is also found when the 
putative yeast proteins are compared with the mammalian ras 
protein, p21. The NH,-terminal 170 amino acids of the yeast 
and mammalian proteins are >60% homologous. The fact that 
such evolutionarily divergent organisms exhibit such extensive 
sequence conservation suggests that the RAS gene products 
fulfill an essential role in cell growth and metabolism. Here we 
show that the two yeast RAS genes isolated by D. DeF.-J. et 
al”? constitute an essential gene family. At least one functional 
member of the family is required for spore germination and 
probably for cell growth. 


Viability of yeast strains 


We have constructed null mutations in the RAS genes to test 
directly the phenotype of cells lacking these genes. These experi- 
ments use yeast transformation techniques which have been 
developed recently (reviewed in ref. 17). In yeast, introduction 
of exogenous DNA into the genome requires homology between 
the recipient chromosome and the donor fragment. This require- 
ment allows one to direct DNA fragments to specific sites within 
the yeast genome. We have used these transformation systems 
to integrate disrupted RAS genes into the yeast genome, exclud- 
ing the wild-type genes in the process. 
Figure | shows the restriction maps of cloned EcoRI frag- 
ments containing RAS! and RAS™2. Part or all of these two 
-restriction fragments have been used to construct a series of 
recombinant plasmids containing the wild-type URA3 or LEU2 
gene. Two mutations were constructed in RAS™ I (Fig. 1). The 
- first, contained in plasmid pRA494, harbours a 1.1-kilobase (kb) 
in dll restriction fragment which encodes URA3, substituted 
‘or 2.3 kb of RAS I DNA. This deletion lacks the entire RAS” J 
ene plus an additional 1.1 and 0.2 kb of noncoding sequence 
and 3’ to RAS* I, respectively. The second mutation, in 


















reading frame (Fig. 1). This deletion spans amino acids 63-150 


1id pRAS45, contains the URA3 gene in place of two small 
Xbal restriction fragments located within the RAS®I open 


fragment. This was accomplished by filling-in the protruding 5’ ends of the DNA fragments with DNA polymerase I (large fragment) and 
‘then flush end-ligating the fragments together. This recreates Xbal endonuclease restriction sites at the junctions. | 


of the putative RAS“ ] coding sequence. A single disruption of 
RAS 2 was constructed in plasmid pRa530 by inserting a 3.8-kb 
Psti restriction fragment, encoding LEU2, into a PstI site that 
corresponds to amino acid 65 in the RAS*2 open reading frame. 
These insertions should therefore disrupt the RAS* gene 
products. 

Plasmids pRa494, pRa530 and pRa545 were digested with the 
appropriate restriction endonucleases to generate DNA frag- 
ments containing RAS DNA flanking the LEU2 and URA3 
insertions. These conditions lead to replacement of the wild-type 
locus with the transforming sequence as outlined in Fig. 2 (ref. 
18). As it is possible that the RAS genes encode essential 
functions, the restricted plasmids were introduced into a diploid 
strain homozygous for ura3 and feu2 (TX2). — 

To identify those transformants having the desired molecular 
structure, genomic DNA was prepared from pRa494, pRa530 - 
and pRa545 transformants and analysed by the method of 
Southern’? (Fig. 3a). Most of the transformants give hybridiz- 
ation patterns consistent with the simple replacement in one — 
chromosome homologue of the wild-type locus by the null or 
the disruption mutation. RAS*/ is contained on a 2.9-kb 
BamHI—EcoRI restriction fragment. In the pRa545-derived 
mutations this fragment expands to 3.8 kb, due to the insertion 
of the URA3 gene. In the pRa494 mutation the fragment size 
decreases to 1.8kb, due to the deletion of the entire RAS™/ 
locus. These structures are shown in Fig. 3b, together with 
analogous diagrams for the wild-type and mutant RAS*2 genes. 
The hybridization data for transformants of pRa545, pRa530 
and pRa494 (Fig. 3a) are consistent with the structures outlined 
in Fig. 3b. In each case, the transformants contain a wild-type 
RAS*] allele on one chromosome and the null or disrupted 
allele on the other. i 

The phenotypes of haploid yeast strains lacking a functional 
copy of either RAS*1 or RAS*2 were determined in haploid 
meiotic segregants derived from the transformants. The meiotic 
cell cycle in yeast is initiated when diploid strains are placed 
on a nitrogen-deficient medium containing a nonfermentable 
carbon source. The end product of each meiotic event is fou 
haploid spores, collectively called a tetrad. As the ras mutations. 
are heterozygous in the diploid transformants, two spores in 
every tetrad will contain the mutant ras allele and two will 
contain the wild-type allele. The ras“ / mutations are associated 


with URA3 and the ras*2 mutation is associated with LEU2, 
-so that Ura* and Leu” haploid spore clones mark those haploid — 
şegregants that lack a functional copy of RAS™1 or RAS*2 
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In both cases these diploids sporulated normally, giving rise t 
a high proportion of asci with four spores. This indicates that 
meiosis is normal when the products of one or other of the _ 
genes RAS” 1 and RAS*2 are absent. _ 


diploid (Ura™) Unlike TX2-545 and TX2-530, transformants derived from 

















pRa494 are heterozygous for a lethal muta only two viable 
spores in each tetrad of TX2-494 are ı Those spores 
diploid : containing the deletion, marked by ninate, but 
tronsformont UF ! undergo only one to three rounds o he fact that 
the deletion in TX2-494 includes pstream of 
boploid = Rami et cor! ` famti EcoRI the RAS™1 gene, and the observa disruptions 
meiotic , = in the RAS“ / and RAS*2 open 1 ot lethal, 
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Fig. 2 Schematic drawing of the transformation of diploid strain 
TX2 with the EcoRI-BamHI RAS! fragment of pRaS45. The 
linear fragment integrates into the yeast chromosome at RAS“ i, 
giving rise to a heterozygous mutation in RAS J. Sporulation of 
this diploid gives rise to haploid spores containing either the 
wild-type or mutant RAS“ / locus. Strain TX2 was transformed 
with linear restriction fragments by the method of Beggs’. Gene 
disruptions 494 and 530 were created in a similar manner by 
transforming TX2 with EcoRI-restricted pRa-494 or Xba—HindlII- 
restricted pRa530 and selecting for uracil or leucine prototrophy, 
respectively, 


suggests that some essential functi 


: ! C $*°7 lies 
at least partially within the ras™ 1 94 = 


Spore viability 

Our results suggest that neither RAS] nor RAS®!2 separately 
has an essential function, since no phenotypic change is associ- 
ated with haploid strains lacking either a functional RAS* 1 or 
RAS" 2 gene. Neither gene alone is absolutely req uired foreither 
the mitotic or the meiotic cell cycle. But it is possible that the — 
two RAS genes may code for proteins with overlapping but not — 
necessarily identical functions. To test this possibility, we con- 
structed a diploid, EG53, that is heterozygous for both the 
RAS™! and RAS*2 disruptions by mating a Ura* haploid 
Segregant from TX2-545 (RAS*! disruption) with a Leu* 








respectively; this is outlined schematically in Fig. 2. The recovery 

of Ura” and Leu* segregants from TX2-545 and TX2-530, 

respectively, indicates that the ras™® 1-545 and ras* 2-530 muta- 

tions do not result in cell inviability. The Ura* and Leu* 

phenotypes segregate normally through meiosis and Ura™ or 

—Leu* spores have no apparent growth disadvantage on the rich 
medium used for the analysis. It seems, therefore, that neither 

RAS 1 nor RAS“ 2 is separately essential for ascospore germi- 

nation and growth. Southern analyses of tetrads from TX2-545 

or TX2-530 (Fig. 3a) show that the Ura* and Leu* spore clones 
contain only the mutant copy of RAS“ 1 or RAS*2, respectively. 

The fact that both RAS genes are not required for vegetative 


haploid segregant from TX2-530 (RAS*“2 disruption). Tetrad 


analysis was performed on the resultant meiotic progeny. o 

Because RAS™] and RAS*2 are unlinked (see below), the - 
two genes should segregate independently in meiosis, and give _ 
rise to recombinant spores (Ura*, Leu* and Ura“, Leu”) 
frequently. However, no Ura* Leu* recombinants we 
recovered in 60 tetrads analysed, although Ura”, Leu” segregants 
were frequently observed. Moreover, as shown in Table Iya 
peculiar pattern of spore germination was observed in the disse , 
ted tetrads. Relatively few tetrads with four viable spores were 
recovered (7/60), whereas ascopore germination in related 
crosses was good (Table 1). These seven tetrads are pat 


















growth (mitotic cycle) does not exclude the possibility that both 
are required for meiosis. To test this, we have constructed diploid 
strains homozygous for either the ras™® 1-545 or ras™ 2-530 allele. 


with respect to URA3 and LEU? in the sense that none o 
spores was recombinant. Similarly, many more asci with th 
viable spores per tetrad are recovered in EG53 (30/60) relat ve 


y. Fig-3 a, Southern blot analysis of gene disruptions in RAS*/ and RAS*2. The 10 lanes in the first panel correspond to genomic DNA from 
~” parent (TX2), heterozygous transformant TX2-545-2 and haploid spore clones from two tetrads of TX2-545-2. Haploid spore clones 4A, 4B 
6A and 6D were Ura’, while spore clones 4C, 4D, 6B and 6C were Ura*. The four lanes in the second panel correspond to DNA from parent 
transformant 494-1, and two haploid spore clones from a tetrad of TX2-494-1. Only haploid spores containing the wild type RAS* | gene grow 
into colonies. DNA in the first two panels was digested with BamHI and EcoRI and probed with nick-translated RASI DNA (EcoRI-BamH 
fragment). In the third panel the six lanes correspond to DNA from the parent, pRa530 transformant (TX2-530-1), and spore clones from i 
tetrad of the transformant. DNA was restricted with Clal and HindIII and probed with RAS*“2 nick-translated DNA (EcoRI fragment). Spore > 
clones 1A and 1B are Leu” while spore clones 1C and 1D are Leu*. The migration positions of the phage A-HindIII restriction fragment are 
indicated to the left of the third panel. b, Restriction endonuclease maps of RAS“ 1, RAS®2 and gene disruption present in a. The key to the | 
restriction sites is given in Fig. 1. Age OE ade 
a | Methods: Genomic yeast DNA was isolated using a published procedure”, restricted with the 9. 














Freese se ague appropriate restriction enzymes, electrophoresed through 0.7 agarose in Tris-borate EDTA © 
T ee a buffer’’, and blotted onto nitrocellulose’. The nitrocellulose was hybridized with **P-labelled ane 
D oe TRO Se Fe ppt nick-translated DNA in a solution of 6x SCP (| x SCP=0.1 M sodium chloride, 0.03 M sodium. 

xx 2 RES x SS phosphate, 0.001 M EDTA, pH 6.2), 0.1% N-lauroyl sarcosine, 0.06 mg ml™! sonicated calf 




















thymus DNA for 16-24h at 65°C. The filter was washed sequentially twice for 10 min each 
at 60°C in 2x SCP, 0.01% SDS and 2x SCP. Autoradiographs of filters were made using 
Kodak X-omat R film. 7 
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ras disruptions. EG53, heterozygous for RASI and RAS2 disruptions, was constructed by 


crossing Ura* and Leu” haploid segregants from TX2-545 and TX2-530 respectively, In EG53 all asci containing four viable spores were parental 
ditype (PD) for Leu* and Ura*, 29/30 asci containing three viable spores were tetratype (T) and 13/20 asci containing two viable spores were 
non-parental ditype (NPD). The seven asci with two viable spores that are not non-parental ditype are the result of nonspecific spore lethality. 


< to the related crosses. In most of these tetrads (29/30), URA3 
- and LEU2 are in the tetratype configuration (one of each paren- 
al and one of each recombinant type). By inference, the inviable 
pore is always the Ura*, Leu* recombinant. There is also a 
< disproportionately high number of tetrads with only two viable 
- spores (20/60), and most of these asci (13 /20) are non-parental 
< (all of the spores are recombinant) with respect to URA3 and 
=S LEU2. Again the inviable spores in these 13 tetrads are inferred 
> to be those with both disrupted RAS genes (the Ura*, Leu” 
_ spores). The results of this analysis demonstrate a striking corre- 
< Fation between the observed lethal segregation pattern and the 
segregation of the two mutant RAS genes, and provide strong 
-evidence that the double mutant (Ura*, Leu’) causes lethality 
-in haploids. These data, therefore, indicate that the RAS“ / and 
| RAS™2 genes encode an essential function. | 

Visual inspection of the inviable spores reveals that not only 
~ do they fail to undergo a single round of cell division, but they 
< also fail to form buds. Since bud emergence in vegetatively 
¿o growing cells and germinating spores occurs early in the S phase 
of the cell cycle”, this observation suggests that the inviable 






































spores may be blocked quite early in the cell division cycle. The 
inviability, however, does not distinguish between a function 
for RAS that is specifically related to the cell cycle per se as 
opposed to a general role in cell growth and/or spore germina- 
tion. Note also that this lethal spore phenotype is quite different 
from that observed for the lethal segregants of TX2-494, In the. 
latter case, the spores were able to germinate and undergo one 
to three rounds of cell division before mitotic growth ceased. 
This phenotypic difference further supports the notion that the 
lethal mutation in TX2-494 is not in the RAS“! gene: | 






RAS“ 1 is located on chromosome XV 

During the genetic analysis of the RAS“ J mutants, we observed 
genetic linkage between RAS™] and ade2, 13 recombination 
units, on the right arm of chromosome XV. Additional mapping 
data between pet! 7 and the mutant ras“ I locus place the RAS™ 1] 
centromere proximal to ADE2 (see Table 2). A temperature- 
sensitive (ts) lethal mutation tsm8740, has recently been mapped 
to chromosome XV, 13 centimorgans from ade2 (ref. 21). 





Table 2 Mapping data for RASI and strain list 
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< Results of tetrad analysis on strains containing the ras™ 1-494 allele. Genetic procedures are standard*' and the sporulation plate media are 
d escribed elsewhere”, DCX102 and DCX103 were derived from mating haploid segregants of a ras™] -494 strain to K381-9D and K382-19D 
mediately after dissection. This lethal rescue technique is described elsewhere’, The tsm8740 allele in EG45-7D was derived from Be326. - 
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less than | map unit distant (unpublished observations), it is not 
allelic to RAS* I. This has been determined by mating a haploid 
strain bearing tsm8740 (EG45-70) with a haploid containing the 
large RAS“ 1 deletion from TX2-494. (Although spores contain- 
ing the ras*°1-494 deletion fail to grow into colonies, they can 
¿be mated immediately after germination.) The resulting diploid 

strain, doubly heterozygous for tsm8740 and the ras™ 1-494, is 
hot temperature-sensitive for growth, indicating that tsm8740 is 
complemented by the wild-type allele on the ras" 1-494 chromo- 
some. Similar mapping experiments indicate that RAS®2 is 
unlinked to ADE2 and RAS“ 1; its precise location has not yet 
been determined. 


Conclusions 


The data presented here demonstrate that RAS“! and RAS*2 
encode an essential function in yeast. The viability of yeast cells 
containing disruptions of either of these genes indicates that the 
function(s) specified by either is sufficient to support both mitotic 
and meiotic cell division cycles, but that at least one wild-type 
gene is required for viability. There is no apparent correlation 
between the rates of spore germination or growth and the disrup- 
tion of either RAS gene. 

& The inability to recover ascosporal clones that contain both 
“mutant RAS genes indicates that the two genes encode proteins 
with similar if not identical functions. Our results do not exclude 
the possibility that RAS] and RAS*2 have separate functions 
as we have observed growth rates only under a limited set of 
conditions. However, these results do show that the ras-related 
sequence identified by Gallwitz and colleagues'* does not specify 
the same function as RAS“ 1 and RAS*2, as the sequence fails 
to complement the defect of the double RAS mutant. A situation 
in which two unlinked genes have nearly identical functions 
exists for several other yeast genes. Histones H2A (ref. 22) and 
H2B (ref. 23), and the ribosomal protein p51 (ref. 24) are encoded 

_by two unlinked genes. Disruption of only one of the gene pair 
generally causes no phenotypic change while disruption of both 
genes has severe consequenées on cell viability. Although 
untested, it is likely that histones H3 and H4 (ref. 25), glyceral- 
dehyde 3-phosphate dehydrogenase”, and several other ribo- 
somal proteins which have two structural genes”’ may fall into 
this category of duplicated essential genes. _ | 
The results obtained from the analysis of one of the RAS / 
~mutations, ras“ 1-494, suggests that another essential cellular 
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not RAS! is suggested by several lines of evidence. First, the. 
deletion defined by this mutation extends 1.1 kb $’ and 0.2 kt 
3" beyond the RAS*/ coding sequence, and therefore inc 
more than just RAS DNA. Second, an internal RAS“ deletio 
in the highly conserved region of amino acid homology doe 
not by itself result in cell lethality. Spore inviability is observe des 
only in cells that carry this internal mutation in conjunction — 
with the ras“ 2 disruption. Third, the lethal phenotype of ras® 1- 
494 spores is quite different from that of the ras™ I ras™2 double 
mutants. Spores containing ras“ 1-494 germinate and undergo- 
one to three rounds of cell division before growth is arrested, 
whereas ras™} ras*°2 spores fail to divide or initiate bud forma- — 
tion. Although these data do not exclude other explanations, 
the most likely interpretation is that another essential gene — 
resides in close proximity to RAS* 1. : 
Comparison of the presumed amino acid sequences of RAS“ 1 
and RAS"2 reveals a very large region of non-homology that 
is flanked by highly homologous amino acid sequences. The. 
NH,-terminal 180 amino acids are 83% conserved but the next: 
100 amino acids show only 20% conservation'*'*. The proteins - 
again show a high degree of homology at their C-terminal nine. 
amino acids. Despite this large divergent region, however, the 
two gene products complement each other. This lack of selective 
pressure can be accounted for if the diverged portions of the _ 
RAS polypeptides are removed proteolytically, an event that is — 
known to occur in the C-terminal region of the mammalian ras _ 
genes**’. Alternatively, these portions of the yeast proteins may 
encode a function not particularly dependent on primary 
sequence. It may be noteworthy that the divergent region ofeach ~ 
putative RAS polypeptide does show a similar amino acid 
composition. | | Ps enka 
Judging from the extreme evolutionary conservation of the 
ras genes, it is not surprising to find that their products have a 
vital role in cell growth or metabolism in yeast. What does this 
analysis suggest this role might be? The failure of ras™® I ras* 
double mutants either to germinate or to form buds suggest 
that the RAS gene products are required early in the cell divisio 
cycle. These data are also consistent with the proteins being 
quite rare and/or highly susceptible to proteolysis during 
sporulation process. More extensive knowledge about R. 
function(s) awaits the isolation and analysis of condi 
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 Far-UV and extreme-UV _ The far-UV light curve of the first outburst (JD 2444373) in 
whearvatiang af SGS Cva SS Cyg is presented in Fig. 1. The light curve was generated by 
observations of SS Cyg | e ake 925-1 175 A flux for on-axis spectra. When- 
and U Gem from Voyagers 1 and 2 ever possible, spectra closely spaced in time were combines 
During the rise to maximum this time ‘window’ was set at | 
R. S. Polidan* For the remainder of the outburst, time bins up to 12h were | 
A used. Also plotted in Fig. | is the ratio of the flux in the long 
Department of Astronomy, University of Southern California, wavelength channels (1,090+ 40 A) to the short wavelength 
` Los Angeles, California 90089-0743, USA channels (960+40), Ly@ is excluded from both bands. The 
second outburst observed with the UVS exhibited no significant 
J. B. Holberg change in flux throughout the 4 days of visual light curve. A 
mean 1,050A flux of 3.00+0.10 x107" erg em? s~! A™' was 
Lunar and Planetary Laboratory, University of Arizona, measured with a Foso/ Fi ogo ratio of 0.97 + 0.05. The observations 
3625 E. Ajo Way, Tucson, Arizona 85713, USA of U Gem during maximum also showed no significant change 
during the 5 days of observation. The mean 1,050-A flux and 
Foso/ F, oo ratio were respectively 1.42+0.10x 1071! erg em? 
Recent studies of dwarf novae in the UV and X-ray regions have s~ À`" and 1,03+0.05. The U Gem data were also explored 
suggested that much of the energy produced in a dwarf nova is for variability coupled to the orbital period of 4.25 h (ref. 3). 
emitted in the far-UV and extreme-UV regions (100-1,200 A). We = No variations in flux >5% were detected. 
report here on observations of SS Cyg and U Gem obtained with The far-UV light curve is similar in shape to the observed 
the Voyager UV spectrometers (UVS) in the 500—1,200 A region. visual light curve (J. A. Mattei, personal communication)’. The 
SS Cyg has been detected in quiescence at a flux level of 9x rise in the far-UV seems to be delayed by 0.5-1.0 days with 
10-8 ergem™s7' Å at 1,000 A. U Gem was not detected in respect to the rise in the visual. Large uncertainties in the times 
quiescence. No emission shortward of the Lyman limit (912 A) is of the UV and visual rise to maximum preclude any discussion 
‘< detected in either star. Observational upper limits to the extreme- of the possible delay. However, it is clear that in the earliest 
= UY flux in the 540-740 A band from SS Cyg and U Gem corres- stages of the outburst the rise in flux at shorter UV wavelengths | 
pond to 2x 107 3 erg em 7 s~! À~? A far-UV (Acq = 1,050 A) light (960 Å) is delayed relative to that at longer UV wavelengths 
-curve for an outburst in SS Cyg is presented. The slope of the (1,090 A). This is consistent with the observations of VW Hyi 
 far-UV flux distribution during the rise to maximum is observed by Hassall et al* and strongly supports their suggestion that the 
~ to be correlated with the UV brightness. The nature of this correla- outburst is initiated at the outer edge of the disk and moves 
-tion supports the suggestion that the outburst begins at the outer inward. During the decline to quiescence there is a suggestion 
© edge of the accretion disk and moves inward. The far-UV flux in the Voyager data that the drop at 960 is more rapid than that 
<o distributions of SS Cyg and U Gem in outburst were found to be at 1,090 A. The difference is less pronounced than that observed 
remarkably similar, both exhibit a substantially flatter (F, < AI during the rise and will require further observation to confirm 
distribution than that observed in the [UE-UV (F, œ A7~*”). This its existence. 
result is contrary to current disk models which predict a continued Figure 2 shows composite outburst flux distributions for SS 
rise in flux in the far-UV. Evidence for a wind in the Lyman lines Cyg and U Gem. The far-UV data for SS Cyg are from the 
of hydrogen is seen in SS Cyg. No evidence of a wind was observed 
in U Gem. | 

The UVS’ on board Voyagers | and 2 are nearly identical 
objective grating instruments having maximum sensitivity in the D 
500-1,200 A region and a dispersion of 9.26 Å per detector m 
channel (resolution ~20 A). Previous stellar observations and Nis 
the absolute calibration have been discussed by Holberg et al’. © 
A decline in detector sensitivity towards longer wavelengths = 
establishes ~1,200 A as a practical long wavelength limit for 
observing sources of the brightness of SS Cyg and U Gem. We 
have therefore restricted analysis of Voyager data to wavelengths 
shortward of 1,175 A. 

SS Cyg has been observed with the UVS during two outbursts 
and U Gem during one outburst. Table | lists the dates of 
observation and the characteristics of these outbursts. In quies- 
cence, SS Cyg has been detected at the 2o level in the 1,000 A 
region at a flux level of 9x 10° ergem™*s A~'. U Gem has 
not been detected in quiescence with the Voyager UVS. During 
the intervals listed in Table 1, the Voyager scan platform was 
fixed in the direction of the target, while the spacecraft limit 
cycle motions allowed the field of view of the spectrometer to 
wander on and off the target to obtain both source and back- 
ground signals. Except for the investigation of the change in 
the slope of the flux distribution in SS Cyg during the rise to _ 

C- maximum on JD. 2444373, only on-axis (+0.02") source spectra 
¿= are discussed here. For that investigation marginally off-axis 
(+ 0.04°) spectra were combined with adjacent (in time) on-axis 
spectra. Tests of UVS spectra show that the relative distribution 
within a spectrum is unaffected by it being obtained off-axis. 
Thus, this technique results in an improved signal-to-noise ratio 
within the spectrum at the expense of absolute photometry. 
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LITO * Present address: Lunar and Planetary Laboratory, University of Arizona, Tucson, Arizona Fig. 1 Far-UV light curve and hardness curve for SS Cyg. Error 


oo 88713, USA. bars indicate +20. ©, Voyager 1; (7, Voyager 2. 
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a aacond oumuntonsaned nii Voyager | UVS (JD 2445272). 





Table 1 unis observations of SS Cyg and U Gem 


These data pertain to SS Cyg at maximum light and represent — EEE REEE E e ne et A 2 
a sum of on-axis spectra having a total integration time of Voyager JDof Eo 
17,280 s. The IUE data for SS Cyg are from A. V. Holm (personal spacecraft visual Approzimite 
communication) and were obtained on 14-15 June 1978. The sar ra Daan ‘cuibun : 
mround-based data are from Oke and Wade’, obtained on 11 Sing (2440000.0 +) rate* (2440000 +) mot (days) ae 
i uly 1977. All three observations are from long duration out- SS Cyg  4,372.4-4,374.0 LL : 
bursts, however, as they are from different outbursts, small 4,382.7-4,389.0 2,L,H 4373 8.4 17 
adjustments in flux had to be made to get the three segments. SSCyg a E 5272 8.4 18 

to match at the overlap points. These adjustments in log F, were 9 UGem = 5,397.7-5.4024 oe he igi aa 


+0.05 and —0.05 for the IUE and ground-based data respec- — | 
tively. The Voyager far-UV data for U Gem also represent a ~ 
sum of maximum light, on-axis spectra, with a total integration 


time of 23,040s. The IUE data are from Panek and Holm® 


obtained on 10 October 1980. Although representing different | 


outbursts, no adjustments were made between the Voyager and 
IUE data. 

Examination of the Lyman continuum region (A <912 A) of 
SS Cyg and U Gem shows no evidence of any extreme-UV 
emission. Specifically, in the 540-740 A band Voyager observa- 
tions establish a 30 upper limit on the mean flux of 2x 
107°? ergcm~*s~' A~' for both stars (see Fig. 2). In the case of 
SS Cyg such a limiti is not entirely unanticipated, as interstellar 
neutral hydrogen column densities of the order of 10” om™ 
have been deduced from soft X-ray observations”. 5, Our upper 


H I column density in the direction of U Gem. JUE observations 
of U Gem® during quiescence have established. that shortward 
of 2,000 A the energy distribution of U Gem approximates that 


of a 30,000 K white dwarf. Such an object will contribute little 


to the total extreme-UV flux at 640 A, thus any flux at these 
. wavelengths | arises from the region producing the quiescent soft 
X-rays. Extrapolation of this soft X-ray distribution into the 
extreme-UV region is very uncertain. Depending on the extrapo- 
lation. used, neutral hydrogen column densities in excess of 10!’ 
‘to 10'* cm? will be sufficient to reduce the expected extreme-UV 
flux. below our limit of detection. Soft X-ray fluxes, however, 
are observed to increase dramatically during the outburst phase? 
so that the extreme-UV flux can also be expected to show a 
corresponding increase. In such conditions, somewhat rect 
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“limit for the U Gem outburst is, however, of more interest: asa 
considerably lower H1 column density has been inferred for 
U Gem”. We can use our result to establish a lower limit on the | 





+ = Voyager l; TA Voyager 2. Li specttum/$76 $] H, | spectans. 84s. | 
+ From AAVSO (American Association of Variable. Star Observers) light curve 


charts supplied by Mattei (personal communication). 





hydrogen column densities would be nec 
observed EUV upper limit. ee ee 
A comparison of the relative far-UV flux distributions or 
SS Cyg and UGem indicate that except for strong hydrogen 
Lyman series absorption in SS Cyg, the two distributions. are 
statistically indistinguishable. If the UVS far-UV distribution is 
to be represented by a power law of the form F, €A“, œ must 
be —0.5+0.5. This is significantly different from the exponent, | 
~~—2.3, measured in near-UV (IUE) region. The shape of the 
distribution does not, however, suggest a power law. Both stars 


show a noticeable change in slope near 1,000 Å. Note that the- 


change i in slopes seen in Fig. 2 is not an artefact of the Voyager 
flux calibration. Examination of sources having true power law 
spectra, such as some very hot O subdwarfs and central stars 
of planetary nebula, shows that Voyager fluxes produce: no. 
discontinuity or change of slope in the power laws which charac- 
terize IUE and ground- based fluxes. The most likely cause. ofo 
this change in slope is line blocking in the dwarf nova disk Ae 
comparison of these flux distributions with those of other objects 
observed with the Voyager UVS indicate that they ar 
similar in slope and shape to intermediate | temper: 
(~ 50,000 K) subdwarfs or white dwarfs. In particular, this inte) 
comparison of flux distributions reveals that any orie wW 

suggested effective temperature in exce K yielc 
amuch steeper slope in the: far-UV han either ss Cyg 
Because SS Cyg and U Gem are at 

tions’ (38° and 67° respect 

of evidence for higher tem 
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Fig. 2 Composite energy distributions for Ss Cyg. (upper) and U Gem (lower). The. Voyager. data’ (histogram, #20 error bars Ep are 


from JD 2445278-83 (SS Cyg} and JD 2445398402 (U Gem). The IUE data (crosses) are from JD 24436 


communication) and JD 2444522 (U Gem’). The ground-based data for SS Cyg oe line) is fi Of JD 24 








must be radically different in structure from that predicted by 

< theory (see ref. 10). Such a change in slope could be due to a 

breakdown of the thin disk approximation. If the disk became 

"thick it would radiate as a rapidly rotating star'’. This would 
satisfy the observed far-UV energy distribution (Fig. 2) and could 
explain the absence of evidence for a boundary layer through 

- occultation effects and/or reprocessing of radiation. 

= ` With the outburst flux distribution for SS Cyg (Fig. 2) a 
bolometric luminosity can be computed. The shape of the far-UV 

distribution suggests that only a small amount of energy (= 15%) 
is intrinsically emitted shortward of 912 A. We find that the 
luminosity for SS Cyg in outburst is 1.34+0.3x10" ergs” 
(~3.3 Lo), assuming a distance of 50 pe (ref. 11). Similar argu- 
ments can be made for UGem. However, the absence of 
adequate ground-based data makes the resultant luminosity very 
uncertain. Assuming a 3,000-10,000 A distribution similar to 

- that of SS Cyg, a luminosity of 1.5+0.5 x 10" erg s™' is derived 
- for a distance of 75 pc (ref. 12). | 
-> As discussed earlier, the only difference between the 55 Cyg 
and U Gem far-UV flux distributions is the presence of Lyman 
_-series hydrogen absorption in SS Cyg. [Note neither SS Cyg nor 
J Gem show any suggestion of Hell (specifically 1,085 A) 
absorption.] The identification of this line as Lyg and not O vi 
is based on the results of a division of the SS Cyg distribution 
by that of UGem. This division revealed additional weak 
absorptions at Lyy and Lyé. The data from the earlier outburst 
~~ observed in SS Cyg with Voyager also show Lyf absorption. 
_. Although in this outburst the line is quite variable in strength. 
_. We postulate that most of the observed hydrogen absorption in 
SS Cyg originates in a wind. Such winds have been observed in 
other dwarf novae of low inclination'*. The absence of wind 
lines in U Gem is also consistent with this model. Interstellar 
_ Lyg is also a likely contributor to the absorption in SS Cyg. 
>: However, the observed variability of the feature suggests that it 
- cannot be the principle source of the line. 

The principal results from the Voyager UVS investigation of 
SS Cyg and U Gem in outburst can be summarized as follows. 
The far-UV light curve confirms the earlier observation of a 
delay in the rise of flux at shorter wavelengths relative to that 
occurring at longer wavelengths in the early stages of an outburst. 
The flux distribution in the far-UV is significantly flatter (F, < 

4 7°5*8-5) than that in the near-UV (IUE) region. No extreme-UV 
emission was detected in either SS Cyg or U Gem and the shape 
of their far-UV flux distributions suggest that little intrinsic 
extreme-UV flux is emitted. A bolometric luminosity of 1.3 + 
0.3 x10 erg s”! is derived for SS Cyg in outburst (d = 50 pc). 
A similar luminosity, 1.5+0.510°* ergs s”', is deduced for 
U Gem (d =75 pc). No evidence is found for any significant 
area of the inner disk/boundary layer region with a temperature 
in excess of ~ 50,000 K. The far-UV flux distribution can be best 
represented by a high gravity (log g ~ 6-8) intermediate tem- 
perature ( Ty ~ 50,000 K} stellar atmosphere. These results argue 
for a significantly different inner disk/boundary layer structure 
than current theory predicts. Further observations of cataclysmic 
variables, simultaneous with observations for TUE and ground- 
based telescopes, are planned. 
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The power spectrum of solar total irradiance (flux) variations from 
the Active Cavity Radiometer Irradiance Monitor (ACRIM) on 
the Solar Maximum Mission (SMM) spacecraft shows individual 
5-min p-mode oscillations’? of spherical harmonic degree | = 0-2 
and radial order n = 16-26. An m-state splitting analysis based 
on the widths of the (n, 1) multiplets in the spectrum of ACRIM 
data yields a mean (sidereal) interior rotation rate between 0 and 
2.2 times the observed 0.456-;.Hz equatorial surface rate, con- 
sistent with the rapid rotation rate originally claimed by Claverie 
et al. based on a (controversial) splitting interpretation of the 
these 5-min modes seen in line-of-sight velocity. Rotationally split 
p- and g- and f-modes have been identified in the temporal power 
4 and from 
these splittings two internal rotation curves“ have been deduced 
which imply a solar gravitational quadrupole moment J, large . 
enough to spoil the precise agreement between general relativity 
and observations of planetary motion. The splitting of the low-/ 
5-min p-modes implied by these curves is inconsistent with the 
upper limit derived here, and the reported conflict with einsteinian 
theory, is therefore, premature. . 

In this analysis I assume that the fluid angular velocity within 
the Sun has a radial dependence of the form Q =r). The 
axis 2 is known from surface motion. For a rotation law of this 
form, the frequency of a free-oscillation mode depends on the 
quantum numbers (nlm) of the mode as’: 


Vaim T Fai 7 MÅ, (I) 


where A,,, defined in an inertial frame, is an integral over radius 
of Q(r) times a weighting function. Explicit expressions for the 
weighting functions, or splitting kernels, are given in ref. 7. 
(Other sources of splitting, such as a magnetic field, will be 
ignored in this analysis.) For rotation curves which are suitably 
smooth functions of r, the low-! 5-min p-mode splitting is 
adequately approximated by the expression“ 


Roy R i | m 
A= | Nr) Bh / | dr . 
o 2m e(r) Jo efr) 


in which c(r) is the sound speed at radius r. I further assume 
that the modes are excited independently and isotropically, and 
that the mean energy per (nim) mode depends only on frequency, 
in accordance with the overall distribution of power in peaks 
of different ] as observed in the power spectrum of both the 
Nice data?’ and the ACRIM data. 

The present conclusions come from measurements of the 
width of several /=0 and | peaks near the maximum of the 
§-min mode excitation envelope (~3,100 Hz}. The /=2 peaks 
were not quantitatively analysed because of their small signal-to- 
noise ratio. Because the axis 7 is nearly perpendicular to our 
line-of-sight, only even [+m components should be visible in 
whole-disk measurements. I therefore assume the underlying 
line profile (in excess of background) of each /=1 peak to be 
a superposition of two identical lobes, representing the m= +1 
components. The observable separation of the lobes, S, is related 
to the sidereal splitting A in equation (1) by 


S$ =%A-v,) OL 


where v, = 0.03 pHz is the orbital frequency of the Earth about 
the Sun. The separate lobes are assumed to have lorentzian line 
shapes. The /=0 peaks are represented by a single such lobe. 
Defining the linewidth as the width of a symmetrically placed 
bin containing half the power in the line”, the width of the 
assumed doublet profile, W,, the width of the individual lobes, 
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Si = 3 

Pd 
Fig. 1 a, The logarithm C(x) of the fraction of frequency points 
for which the spectral power estimate p’, exceeds the true power 
by the factor x (arbitrary units), plotted for frequencies taken from 
1.86-u Hz bandwidth intervals centred on $-min p-mode resonances 
in the periodogram of ACRIM data. (The true spectral power p, 
was determined from the mode parameter estimation scheme of 
ref. 2.) Eight intervals were selected, corresponding to the peaks 
l=0, n= 20-23 and /=1, n= 19-22. The frequency sampling of 
the periodogram is 29; 1038 nHz so that 64 frequencies per mode 
were used. b, C(x) plotted from 512 frequencies belonging to a 
background interval i in the 5-min range. The linearity of these plots 
corresponds to a y? distribution with 2 degrees of freedom, the 
distribution assumed in the error analysis. (This method of display 
was suggested by P. Delache.) 





Wo, and the separation, S, obey a pythagorean relationship: 
Wi = Wits (4) 


The differences between the shapes of 5-min peaks in the 
ACRIM data and the idealized line profiles discussed above are 
assumed to be mainly statistical: thus linewidth measurements 
are subject to random error. Accordingly, I assume that the 
spectral power estimates p; at frequencies separated by more 
0.04 pHz (the resolution of 290 days of data) are uncorrelated, 
and that p, at each frequency v comes from a y? distribution 
with 2 degrees of freedom, a distribution typical of a periodo- 
gram of filtered noise. The mean of the y” distribution, p, (the 
true spectral power that p, estimates), presumed to be a superpo- 
sition of idealized 5-min mode profiles and a nearly flat back- 
ground ‘continuum’, was estimated from the parameters of the 
individual 5-min modes? and the observed continuum. 

Two tests demonstrate the credibility of these statistics. To 
_ check that the periodogram conforms to the stated distribution 
ihave plotted C(x) against x in Fig. 1, where exp{C(x)} is the 
fraction of periodogram points for which p./p, exceeds x, The 
straight line plots confirm the expected C(x) x —x dependence, 
: rvals containing 5-min modes and for 
To verify the statistical independence of 
at frequencies differing by more than 
d the periodogram and measured the 
the points. The ratio of the variance 
gram to that in the original should equal 
e effective resolution of the smoothed 
pengenes was confirmed for frequency 






















periodogram. 
ranges of inter 
The operational definitions of power and linewidth? systemati- 
cally underestimate the true power and width because the power 
in the modes is integrated only over a 5-4.Hz interval. A Monte 
Carlo simulation was performed to calibrate empirically the 
relation between the true power and width of the /=0 modes 
and the expected value of the operationally defined power and 
width, and to determine the random error of the measurement. 
In this, and in subsequent simulations, a statistical ensemble of 
artificial periodograms containing modes and background were 
enerated with the statistical properties assumed for the real 
ata. Ignoring the possible variation of linewidth with frequency, 
-the true width inferred for the four strongest /=0 lines (A= 
20-23) is Av = 1.6+0.3 pHz. 






A second Monte Carlo calculation calibrated the ee 
= 1 doublets and the _ 
operationally-defined linewidth and power, assuming that the - 


between the width W, and power of the F= 
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Fig. 2 a, Theoretical 1=1 profile with a lobe separation of _ 
3.0 wHz, that is a splitting A= 1.56 Hz as defined in the text, 
slightly less than the separation implied by the rotation curves of 
refs 5 and 6. The total power in the doublet equals the mean power 
of the /= | modes studied in this analysis and the width of the 
lobes equals the estimated 1.6-pHz width of the 1=0 modes in 
the same frequency range. The continuum power level is that of 
the ACRIM data. The theoretical line shape corresponding to the 
larger splitting stands in marked contrast to the appearance of the 
actual modes. b, Superposition of three |= 1 peaks (n = 20-23) in 
the ACRIM periodogram, based on the measured frequency cen- 
troids, plotted at a resolution of 0.4657 Hz. The smooth curve is 
a doublet with a (synodic) lobe separation S = 0.86 Hz, the separ- = o 
ation expected from solid-body rotation with a ~ 25-day sidereal 
period and represents the theoretical appearance of a smoothed. - 
periodogram based on an unlimited amount of data. c, Idealized - a 
!=2 profile resulting from the A= 1.56-yHz splitting is also at oe 
variance with the data and further substantiates our conclusions: © > 
The relative power 3:2:3 in the m =~—2, 0, and +2 lobes: shown. f 
and the absence of the m=+1 lobes in full-solar-disk: measure-. 
ments is dictated by isotropy and by the assumption: of a 
rotation axis perpendicular to our line of sight. d, The superpositio 
of the four /=2 modes (n= = 19-22) i is also consistent solid-b: 
rotation (the smooth curve again indicates the theoretical 
which best fits the data). 


doublet components have the same width as the / = -0 modës 
the same frequency range (that is, W, = Av). This gives al 
width for the three / = 1 modes (n = 20-22) of W, = 1940.2 
A composite of the three observed / = | modes appears. in F 
2. The value of A inferred from W, and W, through equatic 
(3) and (4) is 0.5 (+0.2, -0.5) p Hz, consistent with the 0. 456- 
splitting expected from solid-body rotation with a ~25-day 
sidereal period, but also consistent ae any rotational rate ae 
(lo error limits). Note 
can be determined 
yiguous value for A > 
ositiv accordance with 
same sense as the surface 



















that only the magnitude of S (in eqs tion 
from the (full-disk) ACRIM data. A 
was obtained by assuming that S is: 
a net internal rotation having the 
rotation. 

Relaxing the assumption W= Av, made above, leads to a © 
more rigorous upper bound on splitting. The probability of 
obtaining an |= 1 linewidth smaller than the observed. one, foro 
various hypothetical values of A, was computed from a Mon 
Carlo program. In this final program, the influence of 
aliased into the 2,900-3,300-4Hz range by the ACR 3 
operation’ was also. simulated. Based on the publishec dan alysis: a 
of the Nice group’? , whose velocity oscillation spectrum extends — 
well beyond the 3, 814. 7- pHz ACRIM Nyquist limit, the spectral 
power per multiplet of given / is at least three times greater at 






_ the frequencies of interest than at the frequencies of multiplets 
e width e 


that would produce aliases. T stal : entially 
aliased multiplets is assumed to e $ wHz. For each point ona 
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grid of mode parameters (A, W,, and parameters defining the 
power and frequency of the aliases) a number of trial measure- 
ments were performed. A trial consists of generating three 
_ independent periodograms based on the same profile, measuring 
the doublet width in each, and averaging the three measure- 
ments. For A = 1.0 and 2.0 wHz, 256 and 1,024 trials were made, 
respectively, for each value of the other parameters. (The ranges 
of the other parameters reflect their uncertainty, in particular 
W, was assumed to lie in the range 0.6-1.8 »Hz.) At the lower 
splitting only one trial (at most) per grid point resulted in a 
mean width smaller than the observed one, and at the larger 
splitting there were no such occurrences. | thus infer a strong 
(=2.5c) upper limit Ama, = 1-0 #Hz on the rotational splitting. 

These results demand comparison with internal rotation 
curves obtained from different analyses of rotationally split 
modes in the solar limb-darkening data’. Hill et al” have derived 
a rotation curve from these data which implies a solar mass 
quadrupole moment J, = (5.54 1.3) 10°, in conflict with the 
einsteinian general relativistic interpretation of Mercury’s peri- 
-helion motion at the 2ø level. From a preliminary analysis of 
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In recent years Siegmund et al.'? have attempted to combine in 
one detector the position resolution of the multi-wire proportional 
counter (MWPC)*° or the parallel-plate imaging proportional 
counter (PPIPC)*’ with the energy resolution of the gas-scintilla- 
tion proportional counter (GSPC)*"', using light from avalanches 
in a PPIPC. By counting the light flashes from individual primary 
electrons, Fano factor limited energy resolution was obtained but 
only for energies below 2keV. The position resolution was 
== 350m over an active diameter of 25mm. Sipilä and co- 
workers '> used Penning gas'*' mixtures to improve the energy 
resolution to 11% at 6 keV. However, this was achieved at gas 
gains of <50, and in a single wire proportional counter (PC) 
without imaging capability. We have achieved similar resolution 
with gains up to 550 by using a Penning gas in a uniform field. 


Although satisfactory for energy measurement down to 0.1 keV. 


this gain is not high enough for good position resolution in a 
PPIPC. We therefore use another stage of uniform field avalanch- 
ing to boost the overall gain to values >10°. The concept of 
two-stage avalanching was first reported by Charpak et al.'° and 
used by Breskin et al.'’. We have built and tested a laboratory 
version of such a detector (Fig. 1), which we call the Penning gas 
imager (PGI). A Penning gas and a two-stage parallel grid 
avalanche geometry are combined with a wedge and strip anode 
(WSA) position read-out system’. Preliminary experimental 
energy resolution is 12% FWHM at 6keV (24% FWHM at 


<c 1.5 keV) and the position resolution is 100 pm FWHM at 1.5 keV. 
-This compares with =10% and ~ 1mm for the GSPC and = 18% 
and a few hundred micrometres for the MWPC. The particle 
background can be reduced by an estimated 99% using an anticoin- 


Pi cidence technique. 
The energy resolution of a PC is limited by both Fano and 
avalanche statistics. The FWHM resolution is given by 


R-(%) = 236(w(F +f+gy/ EP“ 





the same data, Gough’ obtained J, = 3.6 x 10°, not large enough 
to conflict with general relativity. Both analyses used seven 
multiplets for the curve fitting, a common set with the exception 
of two p-modes. A more recent analysis by Campbell er al.° 
essentially confirms the Hill et al. rotation curve, giving J} 
5.0 107°, again in conflict with relativistic predictions. i 

To test the conclusions derived from the limb-darkening data 
I have calculated, using equation (2), the splitting of the low-/. 
5-min modes implied by the curves used to derive the quoted 
J, values. The function c(r) was taken from a recent standard 
solar model calculation''. The rotation curves in refs 7, 5, and 
6 imply A= 1.46, 1.70, and 1.69 Hz, respectively, in conflict 
with the upper limit Amas = 1.0 pHz derived here. Thus the basis 
established in refs 5 and 6 for conflict between general relativity 
and solar oscillation data is removed by the SMM data. 

I thank Richard C. Willson for making the ACRIM data 
available, Roger Ulrich for supplying the results of solar model 
calculations, and A. N. McClymont for suggesting improve- 
ments in the manuscript. This research was suggested by Hugh 
Hudson and supported by NASA on grant NSG 7161. 
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where w is the mean energy to produce one ion pair, F the 
Fano factor, f the avalanche factor, g a broadening factor 
depending on the small scale grid or wire geometry, and E is 
the X-ray energy. 

The value of F for argon (and conventional PC gas mixtures 
such as Ar/CH,) is 0.17 and f is typically 0.65 (ref. 19). With 
w = 26.2 eV in argon this gives Rp =35E7'’* where E is in keV. 
This assumes g=0. In practice this resolution is not achieved 
due to irregularities in the anode wires” or the grids’; 18% at 
6 keV is a typical value and this implies a g factor equivalent 
to 10% extra broadening. 

In the GSPC the f and g factors are eliminated by not using 
avalanches. In principle, R; = 16E~'’* can be achieved but a 
typical observed value at 6 keV is 10% compared with a theoreti- 
cally possible 6%. This corresponds to an additional broadening 


of about 8% due to gas impurities and geometry dependent _ 


light losses in the counter. 5 

The energy resolution of the PGI is potentially as good as 
that of the GSPC. By using argon with the Penning admixture 
C,H, which has an ionization potential lower than the energy 
of the photons emitted by the excited Ar atoms, the admixture 
can be photo-ionized. Also metastable argon atoms can col- 
lisionally ionize the ethyne molecules. This process, known as 
the Penning effect, produces a dramatic increase in a, the first 
Townsend coefficient". As an example, the changes in the 
relative efficiencies of the various processes such as excitation 
and ionization in a Ne/Ar mixture are shown in Fig. 2. In the 
initial ionization, more of the available energy of the primary 
photo-electron and Auger electron is used for ionization (the 
value of w is reduced from 26.2 to 20.3 eV)’” and in addition 
the fluctuations in the energy losses are smaller. The Fano factor 
is thus reduced’”. 

In the avalanche, using the model of Alkhazov'’ and the data 
on @ of Kruithof and Penning, Sipila'’ shows that for an 
optimum value of the field strength, f approaches zero in a 
(Penning) mixture of Ne and Ar. As the process for Ar/C,H, 
is similar such a result can also be expected for this mixture. A 
theoretical energy resolution of 10E~'/? is then available. Sipila’s. 
results were obtained at low gas gains (<50) but the resolutio 
in conventional PCs rapidly degrades with increasing gain. This 
is due to the strongly varying field near the anode wire which 
makes it impossible to use the optimum field'*:'” needed for low 
values of f. Sipilä was aware of this limitation and suggested 
the use of a uniform field avalanche". In the PGI the parallel 
geometry provides a uniform field and much higher gains can 
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A Absorption and drift region | 
Co me ee mi etc eh me ae me et ce Se ee one sa ee 
G2 B Avalanche region ! 5 
{ Drift region 2 
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D Avalanche region 2 
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Fig. 1 Schematic diagram of the PGI. X rays enter through the 
thin polypropylene window and are absorbed in region A. Electrons 
from the resulting ionization cloud drift in a weak field through 
grid GI and avalanche in the higher field of region B. The energy 
signal is taken from GI and/or G2. About 20% of the avalanche 
electrons are effectively transferred to the second drift region C 
where the cloud is allowed to diffuse before reaching the second 
avalanche region D. The position of the electron cloud’s centroid 
is determined using the signals from the WSA. 
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Fig.2 Fraction of the total energy received by the electrons from = 
is spent- in elastic collisions (Elast.), excita- = 



















the electric feld which is 
ion of electronic leve 
(Excit. vib.), ioni: 





Excit. el.), excitation of vibrational levels — 
1.) and increase of kinetic energy of the | 
Kin) (From ref. 26.) 


FWHM at 6keV and 24% at 
r. These measurements were 

‘The energy resolution as a 
ed n Fig. 3. With a g factor 
e measured 18% at 6keV 
xpect that optimizing the 
‘the energy resolution to <10% 








providing al 
in the PGI usit r 


The gairi of th fir inche stage is set at ~500, and ~20% 
of the electrons produced rere are transferred through grids G2 
and G3 to the second avalanche region D. Due to the Penning 
effect, UV photons which pass through G2 ionize admixture 
molecules in region C. This process is independent of any 
applied field. In contrast, electron transfer in conventional 


counter gases can at best only take place i in the ratio of the field 


strengths below and above the grid’'. It has been shown”? that 
mith their multi-step chamber Breskin et al. required a Penning 
as to obtain transfer at all. This is because their grids were 
composed of thin wires onto which the avalanches took place 
(not in a true parallel field) and this has the effect of reducing 
the transfer in a Penning gas to that of a conventional gas. | 


The second stage of amplification is used to boost the overall 


gain to > 10°. This is necessary for the WSA position read-out 
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| energy range. 


ing increase in Rg. With a gain 


design office and the mechanical workshop for the detailed 
design and manufacture of the prototype detectors. This wor 
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Fig. 3 The energy. auio of the PGI as a function of Xi ra’ 
energy. Indicated are the resolution curves for a conventional - 

_ proportional counter (PC) and for the PGI. The slight upturn ins 

the PGI curve is due to the electronic noise contribution. nae g ee 


system which consists of three conductive electrodes deposited: ug: 
onto an insulating substrate. Their geometry is such that alinear, 
two-dimensional positional variation in charge output is - 
obtained, allowing the position of an event to be determined by om 
a simple algorithm. Preamplifier noise is associated. with this 
charge measurement. In addition the division of charge among- 
the discrete electrodes is binomially distributed and this- 
rise to a contribution to the pouan resolution salt pa 
noise. n 

In the same laboratory dienai (70 mm diameter) we ob 
a position resolution of 100 uym FWHM at 1.5 keV w 
of 1.3.x 10°. We have also built a PGI with a 200 mm 
WSA whose overall noise is such that for all b 
energies (<0.5 keV). the resolution is- domin: 
diffusion in the absorption region (A) while at the hig 
the effect of primary electron track length” is ‘don 
represents > 1,000 FWHM resolution elements over m 


















In space, the background c count rate due to ag 
is a problem for X-ray ronomy. This backgrouni 
effectively reduced***> by Surrounding the X-ray- 
volume except for the entrance window by antico 
guard detectors. In the case of the PGI we are able to rro 
the WSA by an annular anode and use it with ‘the si 
drift/avalanche region to provide such a detection volume. 
comparison with previously flown detectors using this type of 
background rejection scheme, we expect to be able t toi ct 
>99% of the particle events in space**?>, — : 

Finally, several further improvements 
consideration. First, the use of a xenon basec 
as the filling gas will- increase the quantun . es 
the detector at high energies (in argon. the $ ypically 70% ee 
at 1.5 keV and 35% at 6 keV). Second, a fast igh-voltage switch- ve 
ing circuit can be used to make the number of electrons reaching mae 
the WSA independent of the X-ray energy. This feedback system - 
reduces the dynamic range needed for position Signal processing = 
by a factor of about 80. Third, cooling of the first Stage pre- 
amplifier would improve the energy resolution at lo 
energies by reducing the contribution due to electro’ 

We are designing a flight version of the PGI whic 
imaging X-ray telescope will form the payload of 
sounding rocket to be launched in 1985. 
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In the early 1960s, during the period of atmospheric nuclear tests, 
much theoretical interest developed in the effects of localized 
jonospheric depressions on the propagation of very low frequency 
(VLF) radio waves’. Similar VLF-propagation effects are also 
produced by the localized dumping of electrons from the radiation 
belts after wave—particle interactions’°. Both nuclear explosions 
and particle precipitation events are of a transient nature, however, 
and no experimental study has yet been made to confirm these 
early theoretical predictions. With the development of a unique 
high frequency (HF) heating facility near Tromsø, Norway, the 
generation of movable controlled anomalies in the D-region has 
become possible. We describe here some initial observations, made 
in Norway, of the effect of such a movable D-region anomaly on 
the VLF signals received from the 12.1-kHz Omega transmitter 
at Aldra. The observations confirm the validity of earlier theoreti- 
cal predictions. | 

Figure 1 shows the region of northern Scandinavia pertinent 
to the experiment. The VLF receiver used for the measurements 
was located at the Skibotn Astronomical Observatory, 443 km 
north-east of the Omega VLF transmitter at Aldra. The HF 
heating facility was located at Ramfjord, 15 km south of Tromsø. 

The heater antenna array consisted of six rows of six crossed 
full-wave dipoles’. By suitably adjusting the relative phases of 
the drives to the different rows of the heating antennas, it was 
possible to deflect the heating beam +56° from the vertical in 
the north-south: plane®. Assuming a height of 80 km for the 


oe ` -region of maximum D-region heating”, the volume of maximum 
-o heating effect, defined by the -3 dB points, could thus be dis- 


-placed 120 km north or south of Ramfjord. However, while the 
heated region was circular with ~20-km diameter when the 
beam was vertical, the heated volume had an elliptical cross- 


-section with major axis of ~70 km and minor axis of ~38 km 


(see Fig. 1) when the beam was displaced 56° south or north. 
` The experiment reported here simply entailed observing the 
phase and amplitude of the normal magnetic component of the 








68 N 


Ze 16° Z0E 
Fig. 1 Map of northern Scandinavia showing the location of the 
Omega station at Aldra, the VLF receiving station at Skibotn and 
the heating facility at Ramfjord. The dashed circle and dashed 
ellipses are approximate representations of the antenna —3 dB (half 
power) points at 80 km. The circle applies to a vertical beam, the 
ellipses to a beam deflection of 56° from the vertical to the north 
or south of the transmitter. 


12.1-kHz signals from the transmitter as the heater beam was 
deflected across the Skibotn/Aldra propagation path. Due to 
the fixed locations of the heating facility and VLF transmitter, 
it was not possible to locate a land-based VLF receiver at a 
sufficiently high latitude that the heater modified the midpoint y 
of the VLF propagation path. The optimum configuration adopt- 
ed by Jones et al'® was thus not possible. It was therefore 
decided to locate the receiver at the most convenient experi- 
mental location, this being the Skibotn Astronomical Observa- 
tory. With this geometry it was decided that the total normal 
magnetic component of the VLF signal should be recorded with 
the eventual aim of analysing the data using a full waveguide 
analysis based on the work of Crombie* and Wait’, the simpler 
analysis in terms of reflection coefficients not being feasible with 
such an asymmetric geometry. 

Calculations” show that for an effective radiated power (ERP) 
of 300 MW at 2.759MHz in the x-mode, the collisional 


frequency in the D-region increases by at least a factor of 5 


over a height range of ~10 km. Assuming that this modification 
can be modelled as a 10-km elevation of the tonosphere over 
an area of 30 km diameter: this increased collisional frequency 
results in an increase of the effective VLF reflection height by 
10 km, then according to the work of Field and Engel'' a wave 
passing through the midpoint of such an elevated region would 
suffer a phase change ~ —0.4°. Experimental verification of such | 
a small effect on VLF propagation thus entails measurement o ee 
VLF phases angles with a resolution of better than 1/10°. — 

Resolution is not the only significant parameter in the experi- 
ment, however, the phase stability during the experiment is also 
important. Experience suggests that long-term stability of VLF 
propagation in the auroral zone is not high‘? and thus the 
technique described below was used to offset the effect of iono- 
spheric variability on a time scale of >2s. 
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Figure 2a shows the Omega transmission format, together as —_ 
with the four periods of 12.1-kHz transmission. Figure 2b shows 3 8 
the period during which the heater was in operation (2.759 MHz, ae 08 
ERP = 200 MW). As can be seen, the heater was on for the first E a 
and third 12.1-kHz segments. By subtracting phase measure- oe 
ments recorded between the first and second or third and fourth F z u 
12.1-kHz segments the effect of heating could be determined | 02 
| 04 
| 0. i North South 
2% 10 0 0 


Beam deflection angle (deg) 


Fig.3 Experimentally-determined values of phase and amplitude z i a 
- anomalies. The anomalies are plotted as a function of angular kj P 





normal magnetic component of the Omega 12.1-kHz signal at deflection of the heating beam from the vertical. 
Skibotn, recorded using the above technique. The readings were 
obtained from 13.45 to 14.24 UT on 29 September 1983 whilst 
the beam was deflected from 16°N of Ramfjord to 56°S. 06 
Although the maximum phase anomaly is quite small, typically 






(20 kHz) 





+0.5°, there is obviously a clear oscillatory variation of phase 04 
with position of the beam as predicted by the earlier theoretical 
works’. The maximum oscillations in amplitude are also very < 92 
small, only 0.1 dB, and yet they also clearly show the same = 
oscillatory behaviour with maximum phase displacements 0 
occurring at the same deflection angle as minimum amplitude 
displacements and vice versa. This 90° phase shift in amplitude 02 
and phase oscillations is in excellent agreement with the work 

of Wait’ displayed in Fig. 4. The dashed and solid curves show D4 




















the amplitude and phase oscillations computed for an anomaly hate ron 
100 km square as it moves along the perpendicular bisector of : a Rs, i Y 
a 10’-m propagation path. The coincidences of maxima in phase Distance (10° m) ae 
gieflection with minima in amplitude are clearly evident. (The Fig. 4 Theoretical estimates of the normalized phase ano: 
iplitude and phase anomaly scales are normalized to those (NPA) and normalized amplitude anomaly (NAA) produced bi 





produced by a similar depression extending the full width of an tonospheric depression 100 km square. The normalized value: 
the path.) The experimental! results can be seen to be in excellent are plotted as a function of distance of the depression along the 


perpendicular bisector of. the transmitter-receiver propaga 


qualitative agreement with the theory. The quantitative agree- path, measured from the midpoint of the path (after ref. 3 


ment between theory and experiment will now be considered. 
If the effect of the heater can be modelled as a 10-km elevation n? 
of the iono a-circular area of 30km diameter, then included a large component of unmodified ground-wa\ 
r Engel’ and Wait’ predicts a phase this may account, to some extent, for the smal S ¢ 
ay passing through the middle of the in this experiment. Are 
d patch in this experiment is approxi- Note that the work of Wait’? and C 
propagation path for a beam deflec- single-mode propagation, whereas on tt 
f 40 g. 1). At this position the patch is this experiment a number of modes. 
< elliptical with majo nor axes of ~36and ~28 km respec- received signal even under dayligh tonos 
‘tively. The phase on of —0.42° observed at this angle —s conditions multimode propagation will aln 
(see Fig. 3) is thus in excellent agreement with theoretical predic- nificant and enhanced anomalies due t 
tions. ait ted®. Similar enhancements, but invoki 
The early theoretical work of Crombie* and Wait'™ thus seems d 
adequate to explain the phase and amplitude anomalies caused 
by ionospheric elevations and depressions both on and adjacent 
to VLF propagation paths. 
_ The magnitude of the phase and amplitude disturbances 
served here are of a similar order although somewhat smaller 
an those observed by Jones et al. using the 50-MW heating - 
‘transmitter at Platteville. However, they observed the phase and sphere in multimode propagation conditions. et 
amplitude anomalies on the ‘abnormal’ magnetic component. We thank Erik Solheim from the Auroral Observatory, Tromsø 
received on a 128-km propagation path when only the midpoint. for allowing them to use the facilities of the Skibotn Astronomi- 
of the path was heated by a fixed HF beam. The total normal cal Observatory and the Deutsche Forschungsgemeinschaft 
magnetic field was recorded in this study, which inevitably (DFG) for its support of the heating project. R.B. thanks the 
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The Transantarctic Mountains are one of the world’s major moun- 
tain chains, extending 3,500 km across Antarctica in a belt 200- 
500 km wide (Fig. 1). The region has been uplifted by at least 
4 km since late Mesozoic time, yet there is none of the thrusting, 
folding, regional metamorphism and andesitic volcanism associ- 
ated with many other large Cenozoic mountain ranges and 
apparently related to subduction and subsequent continental col- 
lision. Instead, the uplift of the Transantarctic Mountains is 
attributed here to the delayed effects of the overriding by east 
Antarctica of anomalously hot asthenosphere forming under west 
_ Antarctica in the late Cretaceous. Temperature increases of 100 °c 
are estimated at the base of the lithosphere, with mantle heat flux 
increasing by ~3.5mW m”. These changes cause an inferred 
uplift rate of 90 m Myr™' some 50 Myr later. The late Cenozoic 
volcanism in the Transantarctic Mountains, typified by activity in 
Victoria Land, is attributed to the previously heated continental 
‘lithosphere overriding hot asthenosphere that was brought under 
Antarctica when it separated from Australia. 

The continental uplift model used here proposes that rapid 
uplift will lag some 50 Myr behind the overriding of anomalously 
hot asthenosphere by a continent. An estimated mantle heat 

: flux increase of 3.5 mW m”” is believed to cause phase changes 
in the uppermost continental mantle’. In the absence of palaeo- 
flow models for the asthenosphere, empirical reference frames 


must be used to locate hot asthenosphere and relate it to plate 


motions. 
For interpreting the later Cenozoic uplift of southern Africa, 
a reference frame fixed to South America seems to be useful’. 
It has been suggested that anomalously hot asthenosphere in 
_ this frame was located at the positions of former oceanic ridges. 
It has also been assumed that when continental lithosphere 
“moves over former tidge positions in this frame the hot oceanic 
_asthenosphere is overridden by the continent rather than being 
-carried with the oceanic lithosphere. Such a continental area 
_ would experience uplift and a higher mantle heat flux which 
- would affect the postulated phase changes near the Moho some 
= 50 Myr later. Later Cenozoic uplift of south-east Australia 
appeared to be accounted for by this model. The ‘hotspots’ 
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reference frame apparently did not account for the uplifted 
regions of southern Africa. This frame is probably as good as 
the South American frame for discussing the uplift of south-east 
Australia, although a comparison was not made in the original 
work. In the case of the Antarctic, the hotspots frame of Morgan, 
gives similar results, largely because South America has j 
moved much relative to the hotspots frame in south polar lati- 
tudes. 

Why these particular frames are useful is not well understood. 
They may reflect the fact that zones of upwelling asthenosphere 
move slowly in a fixed lithospheric angular momentum reference 
frame*> and that South America approximates to such a frame 
today’. Their usefulness supports the assumption that hot 
oceanic asthenosphere can be overriden by continental plates. 

Late Cretaceous to early Tertiary extensional zones have been 
postulated in Antarctica™ to account for the development of 
the continental mosaic that now makes up west Antarctica. The 
isostatically adjusted bedrock surface of west Antarctica lies 
mostly at ~500 m below sea level, in marked contrast to the 
1,000 m or more average elevation of east Antarctica’. The 
presence of significant volumes of volcanic rocks at depths as 
great as 2km below sea level in the Byrd sub-glacial basin, 
suggested by seismic’? and magnetic studies'”'', may relate to 
a period of incipient ocean floor formation. 

Whether or not any ocean floor was created, west Antarctica’ 
seems to have been stretched'*. Such stretching would have 


brought hot asthenosphere nearer the surface. The age of the — 


extensional zone, running along the edge of the Transantarctic 
Mountains is not known. It is probably no older than the 
separation of the Pacific plate from the Antarctic plate, whose 
age can be inferred to be about 91 Myr by extrapolating to 
closure the positions of the two plates at anomalies 29 and 32 yr 
(ref. 15). It is older than the anomalies now lying against the 
Antarctic continental edge, probably about 65-Myr old'®. 
Figure la, b show the maximum size of the area in the 
hot-spots and South American reference frames previously 
occupied by west Antarctica that could have been overridden 


uay eteteirietrri etiaai EAAS ES LR rE AHSAN NNN UTA TIALS 


Table 1 Uplift rates in the Transantarctic Mountains 


ren 


Age Locality Observation and inference 


Wright Valley, 
South Victoria 
Land 

(77.5°S, 162°E) 


Late Pliocene 
(2.5~3.4 Myr) 


Benthic foraminifera, 
originally at 10-100 m : 
below sea level, now at 
160 m (ref. 24) 

Uplift rate = 
50-105 m Myr”! 


Benthic foraminifera, 
originally 600 m now at 
120 m below sea level”, 

Uplift rate in past 3 Myr 





Taylor Valley, 
South Victoria 
Land 

(77.7T°S, 163°E) 


Late Miocene- 
early Pliocene, 


of 80-100 Myr”! 
Miocene Miller Range, Glacial erosion cut at l- 
(15 Myr) Nimrod Glacier 1.5 km now at 2.5 km 
(83.3°S, 157°E) (ref. 26) 
Uplift rate = 80-100 m 
Myr! 
-15.7-18.3 Myr Queen Maud 900 m of pre-volcanic 
Mountains relief; hence minimum 
(87°S, 154°E) height of region now at 
2.5 km (ref. 27) 
Maximum uplift rate = 
90 m Myr! 
Post-łate Queen Maud ‘Several thousand metres’ | 
Cretaceous Mountains vertical movement” 
(86.5°S, 150°E) 
>25 Myr Transantarctic Elevation 500--1,500 m for 
Mountains first highland glaciers at 


25 Myr (ref. 29) 
Uplift rate = 
40-80 m Myr”! 
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- “Fig. 1 The approximate outline of 
_ the Antarctic coast or coastal ice: 
a present-day geographical grid 
with latitude circles at 10° and 
longitudes at 10°; areas of the 
Transantarctic Mountains higher 
“than 1,000 m after upward correc- 
tion for the present-day ice load!” 
in stipple; principal late Cenozoic 
volcanic fields in the Transantarctic 
Mountains as circles; and possible 
boundaries between major con- 
tinental fragments as dashed lines. 
a, Solid lines show the successive 
past positions of points on the pres- 
ent-day geographical grid in a 
reference frame fixed to South 
America. Only one track has been 
labelled, the numbers are ages in 
Myr back to 90 Myr. b, As a but 
the tracks are taken from the hot- 
spots frame of Morgan’. The dotted 
line in a and b shows the present 
position of a line that originally lay 
along the boundary between east 
Antarctica and the western edge of 
the Transantarctic Mountains in 
each reference frame. In both cases 
the high topography of the Trans- OS A 
antarctic Mountains is parallel to 180° 
this boundary but well within it. 
The horizontally shaded area in a 
and b is the area in each reference 
frame that could have overridden 
a former ridge position formed in 
early Cenozoic time. 
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by east Antarctica and hence subject to later uplift in the past 
90 Myr. According to the model, these areas were underlain by 
anomalously hot asthenosphere. The uplifted area should be 
smaller—because of the time lag between overriding and uplift; 

it should form an asymmetrical mountain range decreasing in 
height towards the interior of east Antarctica: and significant 
uplift may have started within the Cenozoic, depending on the 
age of the extensional zone and the time- lag between overriding 
and uplift. The most likely age is thus about 40 ‘Myr. As shown 


below, the heat needed for the phase change i is small and causes © 





negligible thermal expansion. Thus the uplift of the Transantarc- 
tic Mountains should start at a slow rate as soon as overriding 
begins, but will rapidly i increase once the heat reaches the phase 
change. ao. oe’ : 

Figure la; b sho 








: i sonesraphy of the Transantarctic 
lift following removal of the 
wee pendent. lines of evidence, 









assnable 2 Dreement with * erosion 
ntly from fission track results on 
3 plutons from south Victoria Land”. 
They indicate slo (or ‘erosion rate’) of 15 m Myr”! for 
the period ~157~45 Myr. A pronounced break was detected at 
45 Myr with a subsequent rate of ~93 Myr ' (taking an elevation 
of the 100°C isotherm at 3.8 km below sea level, based on an 
average geothermal gradient of 30°C km™! (refs 18—20)). 

Some areas of plateau uplift are also associated with volcan- 
ism, but its timing and distribution are variable and therefore 
less easy to predict. In southern Africa there is no significant 
volcanism associated with Cenozoic uplift. By contrast, south- 
éast Australia shows two distinct episodes of basaltic volcanism. 
The younger phase shows a southward migration attributed to 
the overriding of the hot asthenosphere originally under the 

Coral Sea'. The time-lag between overriding and the peak of 
the volcanism here is ~10 Myr. 

~The model suggests that if volcanism takes lace it will be 
predominantly basaltic, although volcanism is not an a priori 
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canism is within the Transanitarctic Mouniains. with ; ar age of 
perhaps 45-70 Myr. Later volcanism might also occur 
Victoria Land, where the previously heated lithosphere as 
Antarctica has overridden hot asthenosphere brought tothe b 

of the lithosphere by Cenozoic ocean-floor spreading at th 
of the Antarctic continent. This volcanism would ha 
about 20 Myr ago and should bei increasing in intensity 
its maximum development today. The predicted exte i 
area affected is shown on E la, b. 
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There is reasonable agreement between the p 
observed timing, form and distribution of the uplift of 
Peansantareie Mountains. The P of eee Transam 
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Fig.2 Schematic cross-section iihioush the Transantarctic Moun- 
tains at Mt Nansen (85°S, 165°W). The Kukri Peneplain. separates 
the Beacon Supergroup. (including the Ferrar dolerites) from the 
deformed or intrusive basement rocks. The Beacon section: dips 
gently inland at a few sia from ref. 30. 2 f 
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Fig.3 Crude uplift curve for the Transantarctic Mountains. The 
curve has been constructed from data sources which are given in 
Table 1. The curve starts at the present-day average elevation of 
the mountains, determined as 2.5km from a detailed analysis of 
USGS topographic maps (scale 1:0.25 M). The effects of the 

development of the east Antarctic ice sheet at about 15 Myr, 
assuming ice build-up over a period of 200 kyr, would have been 
to load the crust and depress it by an average amount of 0.5 km’. 
This generates a discontinuity in the uplift curve. Before 15 Myr 
and back to 45 Myr the estimates, particularly from fission track 
studies’, indicate a mean uplift rate also of the order of 
90m Myr '. The fission track results show a pronounced break at 
45 Myr preceded by rate of 15m Myr’. Superimposed on the 
uplift curve are the unknown effects of erosion. Lacking any 
quantitative determinations of erosion rate in the Transantarctic 
Mountains a global average value of 10 m Myr’ has been used, 
but this is probably a minimum for mountainous terrain. This 
yields almost 500m of surface lowering since the beginning of 
rapid uplift. The arrowed points locate, on the time axis, the 
approximate inception of a full continental ice sheet in Antarctica 
(a) and the commencement of the period of rapid uplift (b). Data 
sources: 1, present average elevation of the mountains; 2, from 
ref. 24; 3, from ref. 25; 4, from ref. 26; 5, from ref. 27; 6, from 

| ref. 29; 7, from ref. 18. 


ice-sheet growth can be dated and related to topography, Antarc- 
tica at present gives much more detailed information about its 
uplift curve than do southern Africa or south-east Australia. 
Unfortunately, the reverse is true of the history of the inferred 
extensional zone in Antarctica. Nevertheless, the changes in 
heat flow and temperature required for the model can be esti- 
mated, 

A steady-state uplift rate of 90 m Myr ' (Fig. 3) and a postu- 
lated enthalpy for the phase change of 46 kJ kg™' implies a 
steady-state heat flux of about 3.5 mW m” (ref. 1). This is about 
6% of the average heat flux. Adopting reasonable values for the 
thermal properties of the lithosphere, a heat flow increment of 
this magnitude would cause thermal expansion at a rate of 
~m -Myr™', which is negligible. Because most of it must go into 
driving the phase change, the increased heat flux will be virtually 
impossible to detect from surface measurements. For either the 
‘basalt-eclogite’ or ‘granulite-quartz eclogite’ phase changes, 
4km of uplift implies that ~30 km of eclogite or quartz eclogite 
have inverted to the low density form. If the lower continental 
crust is of intermediate composition, then the granulite-quartz 
eclogite transformation is more likely*’. The inferred 3.5-mW m? 
heat flux represents some 10-17% of the inferred mantle heat 
-flux in continental regions”. With a mantle conductivity of 
DRAW mt Co (ref. 23), this would cause a temperature increase 
> “of about. 1°Ckm"', giving a temperature increase of about 

110°C at the base of the. lithosphere. 














There appears to be no early Cenozoic volcanism associated | 
; with the initial overriding of east Antarctica onto the postulated 






linear heat source. The nature, mig a and eer position 
of the late Cenozoic volcanism is reasonably well explained by 
the model. 

Uplifted areas associated with basaltic volcanism like those 
of south-east Australia and east Antarctica might also enablg- 
different reference frames for inferring gross flow patterns in 
the asthenosphere to be distinguished. In the case of the uplift 
and volcanism of Antarctica, there is no clear distinction 
between a frame fixed to South America or the hotspots frame. 
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delayed phase change model might be applicable to Antarctica. 
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ocean-floor anomalies. D.J.D. thanks NERC for research grant 
(GR3/2291) under which certain data used in this work were 
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The subtropical anticyclonic gyres of the North and South Pacific 
Ocean are among the largest circulation systems. found in the 
ocean. The gyres contain the warm waters of the warm water 
sphere'*, and the rotation of these water masses is subject to 
low-frequency variations’. The presence in these gyres of baroclinic 
Rossby waves with periods of many years has been documented** , 
and this seems to be sufficient proof that the gyres undergo 
vacillations. Using sea-level data we demonstrate here that the 
subtropical gyres of the North and South Pacific oscillate with a 
period of about 4 years and that these oscillations are probably 
induced by the major El Nino events. 
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"Oscillations of the subtropical gyre in the North Pacific Ocean constitutes a mass of warm water, which is deepest in the 
_ have been established’, but in the Southern Hemisphere there subtropics and near the western side of the ocean. This water 5 
> are insufficient hydrographic data to show that the thermal or mass rotates in an anticyclonic direction. If the rate of rotation 

density structure of the gyre, or its water volume, undergoes or angular momentum of the gyre changes, the associated densi 






-level data of an annual oscillation between the two hemi- 
pheres, but this seems to be largely a thermal signal restricted a PERIOD, YEARS 
to the surface layer’. Sea level along the coasts of South Australia 8 4 2 1 OS 01 
and California shows low-frequency correspondence, which has co | 
been linked with heat and water exchange between the Pacific 
and the Indian Oceans through the Indonesian Waters’. | 
During 1974-75 a network of sea-level gauges was established 
on islands in the Pacific to monitor sea-level variations’. Monthly 
mean values of sea level during the period 1975-81 were analysed 
by using empirical orthogonal functions”. The first of these 
functions, accounting for 42% of the non-seasonal variance, 
reflects an east-west oscillation of the equatorial Pacific, and © 
its time-dependence is related to the- 1976 El Niño event. Its 
spatial distribution closely resembles the model calculations 
of McCreary’®. The second function, accounting for 11% of 
the variance, constitutes a north-south oscillation across the 
Equator. It has maximum opposite amplitudes around the 
Hawaiian Islands in the North Pacific and in the vicinity of 
_Samoa and the Solomon Islands in the South Pacific. The 
oscillation goes through slightly more than one full cycle during 
the 7-yr period covered by the data, and its identification led. 
to analysis of longer time series. 0200 eo 
To investigate the oscillation further, the longer sea-level 
records at Honolulu (21° N 158° W, 1905-82) and Pago Pago 
(14°S 171° W, 1949-82) were subjected to a spectral analysis for. 
the common period of data (Fig. 1). Spectral energy is high at 
low frequencies with periods between 3 and 4 yr. Highest coher- 
ence (0.74) between Honolulu and Pago Pago in the low- 
frequency range is found at a period of about 4 yr and is 
significant at the 87% confidence level. The oscillation at the 
two stations is almost completely out of phase—Pago Pago leads 
Honolulu by 160°. This analysis indicates that the two gyres 
fluctuate out of phase with typical periods around 4 yt, which r 
is also evident from the original records and their difference 0.1 Es ac ee a 
(Fig. 2). Typical amplitudes of these fluctuations are 5-8 cm at FREQUENCY / CYCLES PER YEAR 
eon ee cotta. ap Figs 1 Spectra of monthly sea level at Honolulu and Pag 
_ We interpret the observed sea-level fluctuations as oscillations + for the period | . Ge and oee 


| erved šena- tuations as « 951-82, their coherence and phase for freq 
among the two large subtropical gyres of the Pacific. Each gyre. between 10 and 0.1 cycles yr, 0 
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Fig.2 Monthly mean sea level at Honolulu and Pago Pago and their difference (in cm) from 1949 to 1982, The thick curves 
running means. The major El Nifio events of 1957, 1965, 1972, 1976 and 1982 are indicated by vertical line 


gystematic low-frequency variations. There is some evidence in structure must adjust because of the geostrophic balance. The i 
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Fig. 3 The shape of the thermocline across the two subtropical 
gyres (solid line) and possible modes of fluctuations (dashed and 
dotted lines), 


nature of this adjustment is sketched in Fig. 3; an acceleration 
of the circulation would depress the thermocline in the centre 
and raise it along the periphery of the gyre. A deeper thermocline 
implies a higher sea level because of the hydrostatic relation. If 
the relative density contrast between the upper layer of the gyre 
and the deep ocean Ap/p is 3x10”, the depth of isopycnals 
in the thermocline would change 20 m for a sea-level change of 
6cm. With a depth of the gyre of 500m, the change in the 
geostrophic transport of the gyre corresponding to a sea-level 
change of 6cm would be ~4 x 10° m°s`' or about 10% of the 
gyre transport. Hydrographic data are inadequate to detect such 
small low-frequency changes in the depth of isopycnals, but 
transport fluctuations of similar magnitude in the North Pacific 
gyre have been documented’. 

Three basically different possibilities exist for the adjustment. 
(1) H the mass of water in each gyre remains constant, the two 
gyres might vacillate independently and with different periods. 
(2) If water is exchanged between the two gyres, this exchange 
has to occur across the Equator and the two gyres would be 
necessarily coupled. In this case the gyres have to oscillate out 
of phase, as is observed. (3) It is also possible that the two gyres 
are dynamically coupled and oscillate without exchanging mass. 

It is difficult to speculate about the forcing of the oscillation. 
It is possible that wind torque over one of the gyres accelerates 
its circulation. If the two gyres were dynamically coupled, this 
could lead to the acceleration of the other gyre, but the oscilla- 
tion would be appreciable only if a natural resonance frequency 
existed. This possibility could be investigated by a hydrodynami- 
cal model and the computation of the free oscillations of such 
a two-gyre system. On the other hand, a trans-equatorial water 
transport could force a coupling between the two gyres, but this 
coupling would not necessarily cause an acceleration or deceler- 
ation of the gyres. 

The oscillations of sea level at Pago Pago (Fig. 2) follow a 
definite pattern related to major El Nino events. On each 
occasion sea level is high before El Nino, sea level drops during 
El Niño and is low near the end of and immediately after El 
Niño. In contrast, sea level at Honolulu does not show such a 
clear relation to El Niño events, but sea level at Honolulu peaks 
between such events, namely in 1959, 1968, 1974 and 1981. The 
difference of sea. level between Pago Pago and Honolulu reflects 
the oscillation even better and shows its relation to major El 
Nino events. During each El Niño the sea-level difference is 
high before the event, drops during the event and is low after 
the event. This is the case for the major El Nino events of 1957, 
1965, 1972 and 1976. Similar weaker fluctuations occur around 
1960 and 1967, at atime when no El Niño occurred, indicating 
that the 4-yr. oscillation among the two gyres is a phenomenon 
separate from El Niño, but might be triggered by it. 

It seems possible that the north-south oscillation between the 
two subtropical gyres is. triggered by the massive redistribution 
of warm water during major. El Nino events. Sea-level observa- 
tions of the 1982-83 El Niño show that warm water drained 


-© from the western Pacific north of the Equator during the second 


half of 1982 and caused a first peak of sea level in December 
1982 at the Galapagos Islands. During the first half of 1983 
warm water drained from the area between the Solomon Islands 
and Tahiti, causing a second peak in sea level at the Galapagos 


Islands in May 1983. During the early part of 1983 the sub- 


tropical anticyclonic: gyre of the South Pacific was apparently 
displaced south by 10° latitude’. It is likely that major El Nino 
events trigger the oscillation among the two subtropical gyres, 
which continues in the years after the triggering until a sub- 
sequent El Nino event starts the cycle again. A more defi 
answer to this problem must await a dynamical model simulatin, gi l 
the interaction of the two gyres. 
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One of the most promising applications of the new ‘Be detection 
technique using accelerator mass spectrometry is the determination 
of growth rates of Mn-nodules and crusts'~”. Because the half life 
of cosmogenic Be (1.5 Myr) is of the same order as the time 
needed for a few millimetres of nodule material to grow, Be is 
a useful tool for unravelling such evolution during the late Tertiary, . 
when most nodules are assumed to have started their growt 
Mass spectrometric measurement of a Be profile across the” 
manganese crust VA 13-2 from the Central Pacific, using a tandem 
van de Graaff accelerator, yields growth rates of 2.7 and 
4.8mm Myr”! for the layers of the crust accumulated between 
Recent and 6 Myr BP and between 6 and 11 Myr, respectively. 

Using these measurements as well as *°Th dating, we have been 
able to distinguish boundaries between zones in the crust with 
different structures and chemical compositions and to assign ages 
to them. These ages are 0.12, 2.9-3.4, 5.7-6.7, 7-9, 10-12 and 

13-16 Myr BP. All of these boundaries apparently coincide with 
the times reported for Quaternary and late Tertiary palaeoclimatic 
events, suggesting that the crust proni has been strongly influen- 
ced by palaeoclimate. 

During RV Valdivia cruise VA 13-2, 1976, a very thick 
ferromanganese crust (20-40 cm) was dredged near the summit 
of a submarine peak at a depth of 4,830m in the Central 
Pacific’®. In this crust, which directly overlies altered basaltic 
rock, three macroscopically distinguishable main zones (top 
zone, middle zone and bottom zone) and numerous subzones 
T-1 to T-6, M-I to M-7 and I-I to I-6 (from top to bottom) have 
been identified. The individual subzones, ~1-3 cm thick, are 
built up of macrolayers and microlayers showing a knob-like to 
cuspate texture similar to ferromanganese nodules. It was sug- 
gested that in the top zone (T-1 to T-6), where the '°Be profile 
was measured, the Mn, Fe, Ni and Co and other trace elements 
came mainly from seawater. The Mn/ Fe ratio indicates hydro- 










genetic growth all through the top zone’, yet the content of Mn, 
-Fe and of trace elements changes from one subzone to another. 
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Fig. 1 a, ™”Th profile for the uppermost 1.4 mm of the crust. The 
exponential decrease yields growth rates of 6.4 mm Myr”! for the 
uppermost 0.8 mm of the crust and 1.8mm Myr”! between 0.8 and 
1.4mm. b, '°Be profile for the top zone of the crust. For the section 
between 0 and 16 mm the growth rate amounts to 2.7 mm Myr” |, 
and between 16 and 38 mm to 4.8mm Myr” '. c, !°Be/*Be ratio for 

_ the top zone. It yields growth rates of 2.3 mm Myr! for the upper- 
most 16mm and 3.75 mm ae for the depth- “range: 16-38 mm. 


A closer look at the photomicrograph of polished sections (Fig. 


3) reveals the existence of inner structure in excess of the one 
described by the T-1 to T-6 notation. This structure consists of- 

a sequence of zones with ` ‘pillar’ or ‘columnar’ growth®, labelled © 
C1 to C3 and PI to P3. We observe, for example, a clear change 
depth | 
of ~16 mm. A detritus-filled layer 16 mm from the top of the 

crust can be seen on the photomicro. Further layers are located © 


from pillar structure P1 to the columnar structure C2 at a 


at 6.5 and 22 mm (ref.8). | 


Samples for the “°Th and Be profiles as well as for chemical — 
analyses of Mn, Fe, Co, “Be and Ni were taken perpendicularly — 
? area, giving continuous © 


to the surface using a drill bit of 1.0 cr 
profile through the crust. Be and Th were purified using wet 
_. chromatography techniqu 
< mated by a-spectro: 
~|°Be/?Be ratios of 0. 









2mg BeO samples were measured by 


so Mass spectrometry. using the EN-tandem accelerator of the | 
ibility of the mass spectrometer was 





ETH-Ziirich'''*. The 
~~ verified by measurement of an internal standard”! ; reproducibil- 
-ity is better than 3%, but the absolute calibration has an uncer- 
tainty of ~10%. The sensitivity depends on the '°Be 
contamination, which for most samples was at the p.p.m. level, 
leading to a background corresponding to a '"Be/*Be ratio of 
107'*. Growth rates were derived by applying half lives of 
75,000 yr (7°°Th) and 1.5 Myr ('°Be) and under the basic assump- 


yalio have been constant throughout time; (2) diffusion is negli- 
gible. In other words we assume that the profiles reflect only 
radioactive decay and crust growth. 


*“’Th yields a growth rate of 6.4+0.5 mm Myr”! forthe upper- 
most 0.8 mm of the crust. Between 0. 8 and 1.4mm the growth. 
(Fig. la). The significant `- 
i change i in growth rate at 0.8 mm is dated at 125, 000 yr BP. The © 


_ rate amounts to 1.8+0.12 mm Myr 


< and from the 'Be-profile and the '°Be/?Be-ratio respec 


jues,”>!0, Th was electroplated and esti- 


, Be was: ignited to form BeO and the | 


tions that: (1) *“°Th profiles and '°Be/ mass ratios or the '°Be/°Be — 


VA 13-2 is (1) the numbers fit well T ; À 
"Bé flux agaian nodule e growth rate on Be dated nodules, Po 
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Fig. 2 Chemical composition of the top zone. The Mn content SA 
as well as the Ni content has a maximum at a depth of =16 mm, ©0005 
"Be shows a very slight but constant decrease from 4p.p.m.: ato 
30mm to 3p.p.m. at the surface, explaining why growth rates ~~ 
derived from the '°Be/*Be depth-profile are 20-30% smaller than _ 
those derived from the specific '°Be content. 















Table I Ages for boundaries of crust sections with different 
mineralogical structure DM ga 
Boundary Depth Age | 
no. ` (mm) (Myr) 
l < 08 0.12549, or 
2 LA 0.462008 
C1/Pi 8.0 2.9-3.4 
PL/C2 o 155 5,1-6 
C2/P2 ee <> ee ne E: 
C3/P3 eS en 


Bottom of T6 

















Growth r rates were derived from the SOT profile f for the upi 


deeper layers. The uncertainties of the ages result from th 
growth rates calculated from the “Be/t mass and '°Be/*Be-ratios, res 
tively (see Fig. 2). f 


‘Be, as well as the Be/°Be, depth profiles (Fig. 1b, 4 
an exponential decrease and a clear change of the grow 
at 16 mm. The growth rate for the section 0-16 m 
2.7+0.13 mm Myr”! 3k a 
Be and 'Be/*Be a $ 
38mm we derive- ‘growth i 
0.25 mm Myr`' , respectively. Applyin 
to calculate ages for the boundarie 
different texture as shown on Table 
with other crust data from the | tral F T ee ee 
fluxes of '°Be and Th on the surface of th st to b L 4 x ie aes 
atoms "Be per cm’ per 10° yr and 1.2 d.p.m: per cm? per. 10° Wyo 
derived as F = G xC x D, where G is the growth rate, C the 
element concentration at the surface.and D the bulk de 
The smooth exponential decrease of the '"Be/r 
“Be/”Be profiles for individual larger sections as fou 
crust VA 13-2 implies constant growth rate and "Be 
The results suggest constant '“Be/carrier mass ratio 
11 Myr, the standard deviation from an expone 
This is a similar conclusion to Ku ef al” who re: 
for constant deposition of "Be and Be durin, 
for two analysed crusts from the Pacific an 
Further support for a constant. ‘Be to mass ri = 
Turekian er al’s plot 
































a Palaeoceanographic events 










Initiation of Northern Hemisphere 
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of Panama 


Ending of the West Antarctic Sea 
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modern bottom water circulation 
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Beginning iof West Antarctic Sea glaciation Ap 


- Build-up of East Antarctic ice-shield B 


suggesting proportionality; (2) a 1.8-fold increase of the growth 
rate below 16mm leads only to a different slope of the '°Be 
depth profile and not to a significant offset of the specific '"Be 
concentration. . 

One explanation would be to assume that in the water column 
the Mn carrier adsorbs an equilibrium amount of ‘Be, which 
is only a comparatively small fraction of the total available "Be 
(=2.5%). Normalization of '°Be against "Be has the advantage 
of making dispensable the assumption of a constant Be to 
carrier ratio. It assumes, however, a constant "Be input to the 
open ocean and a constant concentration in seawater throughout 
time which, due to the comparatively short residence time of 
Be in the ocean, might be even more questionable than the 
constant '°Be/mass assumption. A further crucial question is 
the extent to which the time record derived from the “Be depth 
profile may be distorted by diffusion within the crust. As has 





Table 2 Analytical data for Mn, Fe, Co, Ni, °Be and Be and the 
Be/*Be ratio in the top zone of the crust VA 13-2 





Depth Mn Fe Co Ni Cu “Be Be '°Be/°Be 
(mm) (%) (%) (%) (%) (%) (p.p.m.) (x107/g) (x10'°) 
00-02 23.02 17.95 0.43 04i 0.16 2.7 2,320+70 142.0 
02-04 23.80 1749 0.44 0.43 0.18 3.5 4,751430 83.0 
04-06 24.16 17.49 0.45 0.46 0.20 3.6 1,384+40 63.0 
06-08 25.62 15.02 0.44 0.54 0.20 3.3 791425 39.8 


08-10 26.21 15.08 0.48 060 0.22 3. 560415 25.8 
10-12 27.94 14.73 0.55 0.64 0.24 3.2 370410 19.2 
12-14 28.19 15.12 0.52 065 0.25 3.3 300413 15.1 
14-16 29.39 14.28 0.51 069 0.25 32 244410 12.7 
16-18 29.64 1547 0.49 0.66 0.25 3.3 162411 8.2 
18-20: 28.22. 16.20 0.49 0.60 0.26 4.2 146+10 5.8 
20-22 26.70- 14.91 041 0.51 023 3.8 122415 5.3 
22-24 26.20 16.10. 0.37. 0.50 0.22 40 83+5 3.4 
24-26 26.98 16.19. 0.30 042 022 45 7748 2.8 
26-28 27.03 16.42 0.31. 0.52 023 43 59 +9 2.3 
28-30 24.15 17.85 0.26 0.42 0.21 47 5644 2.0 
30-32 25.76 17.49 0.22 0.49 022 43 4ias 1.6 
os 32-34 23.40 17.55 0.17 0.35 0.20 51 3243 1.0 
. 34.38 2440 17.26 O15 0.28 0.19 64 29+2 0.7 


Recent cross-calibrations showed ‘that the Zürich Internal Standard 


ee yields 38% lower Be concentrations than the standard at Rutgers 


: ‘University. 















_NATURE VOL. 309 7 JUNE 1984 





Fig. 3 a, Ages for the different ` 
sublayers of the top zone, calcu- 
lated from the '°Be-profile and 
from the '°Be/*Be ratio, respec- 
tively, and the palaeoceanographic 
time-markers during late Tertiary 
and early Quaternary. The uncer- 
tainties of the ages reflect the differ- 
ent growth rates derived from 
'°Be/mass and 'Be/*Be ratios. b, 
Section of the photomicrograph 
showing the change from pillar to 
columnar structure Pl to C2 at 
i6 mm depth. 





been pointed out earlier, diffusion, or diffusion associated with 
growth could also yield exponential depth profiles™*. If we 
assume for the efficient diffusion coefficient of Be an upper 
limit of 6.4 10°? cm? yr™! (ref. 14 and A.M., M.S., H. Kudraf, 
G.B., H.J.H., M.N., M.S. and W.W. in preparation), then <20% 
of the slope in crust VA 13-2 should be ascribed to diffusion, 
requiring a proportional correction of the time scale derived. 

The data imply that the inner structure of the Mn crust may 
reflect global palaeoceanographic events. We shall therefore 
now discuss ages derived from VA 13-2 by taking as a frame of 
reference the comprehensive compilation of major Miocene to 
mid-Pleistocene events and episodes of Ciesielski et al”. 

Sublayer T-1/T-2: The change from columnar zone Cl to 
pillar zone P1 is dated to 2.9~3.4 Myr, which corresponds wit 
much evidence for beginning of the Northern Hemisphere glaci- 
ation °. 

Sublayer T-2: Structural change from pillar PI to columnar 
C2 zone correlates with a different Mn-supply. The age of 
5.7-6.7 Myr relates it to a most remarkable shift in 6'°C in the 
CaCO, in the Pacific Ocean dated to 6.2 Myr (refs 17-19). At 
this time the West Antarctic Sea glaciation ended giving rise to 
what is presumed to be the beginning of the modern bottom 
water circulation. Tectonic activities led to a rise of the Isthmus 
of Panama. This date also lies within the time period 7.4-6.2 Myr 
where Ciesielski et al.” assume that the main phase of erosion 
on the Maurice Ewing Bank occurred. Most remarkable at this 
boundary is the change of the growth rate as determined from 
Be: this change in the growth pattern seems not to be an 
isolated phenomenom for VA 13-2. On the SCHW-ID crust 
from the Pacific dated by Ku et al.*, the age of 6 Myr corresponds 
to layer 9.6 mm from the surface and lies within their sample 
12 (9.12—10.7 mm). The flatter slope for a fit to the samples below 
12 suggests that a shift in growth rate has occurred. 

Evidence for a change in growth pattern at around 6 Myr BP 
is also recorded in several other Mn-encrustations from the 
North, Central and South Pacific’. | 

Beyond sublayer T-2 there are three further clearly visible 
boundaries and changes from pillar and columnar structures 
that we date to 7.2-8.6, 7.8-9.1, and 10-12 Myr. Extrapolation 
of the '°Be depth profile to 43 mm depth gives an age of 13- 
16 Myr BP for the basis of the top-layer. The first two markers 
in time could coincide with the occurrence of first pebble and 
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ae size ice-rafted detritus to 50° S, on the Maurice Ewing 
Bank'*, which are considered to be an indicator for increased 
Antarctic Circumpolar Circulation (ACC). The growth of the 
top-zone apparently began with the build-up of the East- 
_ Antarctic ice-shield”. 

“Finally, note that at sublayer T-1, at 0.8 mm from the surface 
{25,00 yr BP), where **°Th indicates a remarkable variation 
in growth pattern, Mn begins a steady increase from =27% (the 
average for the uppermost 42 mm) to =35% by weight at the 
surface’. This might indicate a different and larger supply of 
Mn in the most recent history of the crust. Although the micro- 
probe analysis shows that this is one of the largest variations 
of the Mn concentration over the last 11 Myr, we have to be 
aware that there might have been other short-term rate variations 
which we are not able to determine at the present stage of 
sampling resolution for '‘“Be (=800,000 yr). 
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A relationship between dunes, fire 
and climate recorded 
in the Holocene deposits of Quebec 
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During the past. 5, 
increase in aridit 
continental area: s! 


Tropics have experienced an 
ttivity in both maritime and 
nset and subsequent develop- 
-in northern latitudes were 
g. It is suggested here that 
represents a direct response 


aeolian activity in r 
began after 6,000-5,000 yr 


to this long-term d that 
BP, at the end of t i ptimum®™ 
the Holocene chronolog sand dunes near the outer forest limit 
in northern Quebec (F . I show here that fires initiate the 
aeolian activity, and that 3 he fire-dune relationship is typical of 
cooling period. On this basis, a palaeoclimatic reconstruction since 
the climatic optimum is proposed. _ 

The chronology of aeolian activity was based on 101 '‘C dates. 
Eighty-six organic horizons were sampled from dune palaeosols 
that contained discrete, non-mixed, coniferous and shrub- 
ipecies charcoal, and the remaining samples were non- charred 
wood fragments found in dune blow-outs. The '*C histogram 













(4C yr) was constructed using the methods of Ochietti and 
. Aeolian phases were established considering ; 
both the cumulative statistical weight frequency of '*C dates. 


Hillaire-Marcel'® 


and the distribution of individual C dates (Fig. 2). 


i - von Stackelberg, U. Ergebnisse der Manganknollen-Wissenschaftsfahrt Va 13/2 1-30 (Bin 


°’, This study establishes 
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The histogram (Fig. 2) indicates that the aeolian activity in © _ 
the study area over the past 5,000 yr BP occurred episodically. 
Aeolian recurrences are confined to 13 periods: 4,650, 4,200, 
3,850, 3,550, 3,125, 2,875, 2,425, 2,075, 1,775, 1,475, 1,175, 575 © 2 
and 175 yr BP. The time interval between aeolian activity peaks a 
varied from 250 to 450 '*C yr, except between 1,175 and 575 yr 
BP where it was about 600 '*C yr. The histogram shows three ~. 
major aeolian intervals: 3,250-2,750 yr BP, 1,650-1,050 yr BP, 
and 750 yr BP to present (these periods are shaded on Fig. 2). 
The last period was interrupted for a short time around 350 yr BP. 
Because of the limited number of '*C dates, similar long-lasting 
periods cannot be confirmed before 3,300 yr BP. 

Most of the dune palaeosols were Dystric Brunisols''. If 
present, the eluviated horizon was thin (Ae or Aej), less than 
2cm thick, above a more or less sesquioxide-rich Bm horizon. 
(Fe + Al pyrophosphate). Only one palaeosol was found to pre- 
sent a Bf horizon typical of podsol. Selected soil profiles from 
the various phytogeographical zones of the study area are shown 
in Fig. 3. Although variable, illuviated sesquioxides found in 
dune palaeosols rarely exceeded a value of 0.15%. Higher values — 
were obtained in some palaeosols developed during the 2,200- =. 
1,650 yr BP period (Fagnant Lake and Great Whale River sites, 
Fig. 3), suggesting favourable pedogenic conditions. In all the ~ 
study sites, the original soil surface was pedogenically  . 
developed. In Burton Lake, Little Whale River and Clearwater 
Lake sites (Fig. 3), it was the bottom soil that presented the ~ 


highest pyrophosphate values compared with the dune soils 


found above. The development of a soil profile within the 
original non-ablated surface is an indication that the deposit 
remained for some time in an undisturbed state allowing plant 
colonization and soil development to occur. The time-lag 
between the original deposit setting and the onset of aeolian 
activity varied from one site to another, depending on the rates- 

of deglaciation and of the recession of the Tyrrell Sea’*.Accumu- ` 
lation of aeolian deposits above the original surface was the — 
result of an ecological disequilibrium in a previously stable = 
morphosedimentary unit. Some palaeosols were frost- disturbed 
before their burial. Frost cracks varied from 10 to 125 cm in: 
length within the organic and mineral horizons (such as Rich 
mond Gulf, Fig. 3). These wedge-like cracks ranged betwe 
and 10cm in width at the top, and their vertical configuri 
was emphasized by iron stainings. They were probably caused. 
by seasonal frost cracks'* that were likely to have formed in 
single : season, in severe cold conditions in snow-free sites, Tha 
ing caused local subsidence and. subsequent discordant beddi = 
Another consequence of geliturbation was observed in some 
soil profiles as involuted features (Minto Lake, Fig. 3). AH thes 
frost structures were observed in the following dated palaeo 
3,210+90, 3,040+215, 1,780+90, 1,615+100, 1,40 
1,275 +90, 1,210+80,1 1160+80, and 1,040 + 160-yr BP. T 
ods around 3,125 yr BP and between l ,650 and 1,050 ye BE ' 















their Southern SRN 
The presence of many buried. organic. : horizons in . dune 
palaeosols suggests an alternation of stabilization stages by the 
plant cover and erosional stages. The number of alternations... 
progressively decreases from the Boreal Forest Zone to thè a 
Arctic Tundra Zone. Higher frequencies (14 in Burton Lake site, 
Fig. 3) in forested areas (respectively the Boreal Zone and the ne 
Forest sub-Zone of the Forest Tundra, sensu Payette t y are 
an indication that aeolian activity was episodic and that 
Stabilization was easier than in the Tundra Zone. No} 
forest limit, dune landforms are the result of a more inte 
long-lasting aeolian cee In all the ey sites, the juri 
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Fig. 1 Location of the study area and phytogeographical zones along the eastern coast of Hudson Bay (study sites: 1, Sucker Creek; 2, 
Poste-de-la-Baleine: 3, Manitounouk; 4, Little Whale River; 5, Richmond Gulf; 6, Nastapoka; 7, Burton Lake: 8, Baan Lake; 9, Great 
Whale River; 10, He-des- Foreurs~Clearwater Lake; 11, Nooniche—Clearwater Lake: 12, Minto Lake). 
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Fig. 2 Cumulative statistical 
_ weight histogram of the 101 °C 
‘dates from buried charcoal = 2.00; 
horizons (solid line) and non- = 
charred wood fragments (dashed 2 
tine). Also included the distribution 1.60 
ef individual °C dates. Numbers os 
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to the Tundra emphasizes a decreasing gradient in fire incidence. frequency north of the forest limit which experienced only minor 


Some long intervals of erosion-free activity, as, for example, in movements during the Holocene”. On the other hand, a detailed 
Little Whale River (3,610-1,160 yr BP) and Minto Lake (2,570- analysis of the regional chronologies'* showed that greatest 
? m BP) sites (Fig. 3), could be the result of a lower fire aeolian activity shifted from south to north between —5,000 and 
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thin and discrete. layers that indicate the incidence of a 
event. Sampling was done along the dune wings wW 
accumulates from the nearby blowouts. : 


ta 
nd 
7 








3,500 yr BP. Aeolian activity first started around 4,650 yr BP 
the Boreal Zone sites, around 4,200 yr BP int 1e Forest Tundi 
and finally reached the Tundra Zone arot 3 850 yr BP. It th 
came soon after the Hypsithermal i in a the- Boreal Zone, whereas 








cool and humid 
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very warm and humid 
HYPSITHERMAL 


Years BP END OF 

Fig. 4 Palaeoclimate reconstruction since the end of Hypsither- 

mal. The periods delineated by a solid line are characterized by a 

distinct climatic regime, and the ones with a dashed line correspond 

to more clement (grey) and to cooling (white) intervals. Numbers 
© Í to 13 are the aeolian episodes. 


Forest Tundra appear most appropriate for the study of aeolian 
activity during the Holocene, because here the forest biomass 
can be most conducive to the development of major fires. Here 
the fire frequency is relatively high, and post-fire colonization 


<> (dune stabilization) is more likely to occur during the warming 
“periods and, inversely, may be compromised during cooling 
_. periods. Because they modify the structure of the plant land- 

` scape, fires influence the environmental equilibrium in such a 


way as to prevent forest regeneration. They seem to act as 
catalysts in inducing ecosystem change (for example, forest to 
dune shift) during cooling periods. This interpretation has been 
proposed elsewhere with regard to snow-patch expansion in 
northern Quebec’’, tundra-type vegetation expansion within the 
Forest Tundra’, and Holocene displacements of the forest 
limit!’*!. The development of aeolian systems in cold environ- 


nal ments thus represents another ecological response to the fire- 
oo. triggering process. 


The periglacial aeolian cycle can be summarized as follows: 


Cooling« ~~ — — 1 
| 
Fire : 
| l 
Delay in postfire colonization | 
i 
l om | 
Aeolian activity 
i i 
EE. i 
| igi i 
i 


"Dune stabilization — — -~ 








However, this. cychical, model is not applicable to the tundra 

t those latitudes, aeolian systems follow a rather direc- 
ional i secular) development -Climatic cooling after 3,000 yr BP 
v the Tundra was so important that dune stabilization was 
: almost impossible even | during brief warm periods'®'*. 
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Cold- -region ära nan oG responds to the emon of 
unfavourable climatic periods (peaks in Fig. 2) and favourable 
ones (lows in Fig. 2). Cold episodes follow the general, secular 
climatic cooling trend after the Hypsithermal (~5,000 yr BI 
and became more important after 3,250 yr BP. Taking 
account the fluctuations of the aeolian activity per se, 1 
possible to establish more precisely the climatic conditions that 
prevailed during the Holocene. Cold and dry conditions would 
be conducive to a significant increase of aeolian activity. The 
similar characteristics found in palaeosols related to the 3,250- 
2,750 yr BP and to the 1,650-1,050 yr BP periods are suggestive 
of such conditions. The presence of frost cracks during these 
periods would indicate severe cold conditions accentuated by 
a relatively dry climate (snow-free sites or with thin snow cover). 
Moreover, many palaeosols associated with these periods are 
related to a set of chronologically. closely-bracketed organic 
horizons, emphasizing sustained erosional conditions probably 
after each forest fire (Burton Lake, Fig. 3, the 1,590-1,220 yr BP 
interval). Swain?” also proposed that there were dry conditions 
in Wisconsin between 1,700 and 1,150 yr BP, based on pollen, 
macrofossil and charcoal evidence. A cool and humid climate 
would inversely decrease the aeolian activity. This trend is 
apparent between 2,750 and 2,350 yr BP (period 6-7, Fig. 2). The 
750 yr BP to present period (episodes 12 and 13, Fig. 2) als 
registered a decrease compared with the 1,650-1,050 yr BP 
period (episodes 10 and 11, Fig. 2). This trend is more typical 
of maritime sites (Manitounouk, Little Whale River, Richmond 
Gulf, Fig. 1). More humid conditions may have accentuated the 
summer maritime ambiance along the Hudson Bay coast, thus 
reducing any fire and wind erosion probabilities (soil humidity 
increase). These two periods were also characterized globally 
by significant continental and alpine glacier expansions in mid- 
and high-latitude areas®™™ 7, and by snow-patch inception in 
northern Quebec’”. A humid and warm climate would allow 
only local aeolian activity (4,800-3,250 yr BP, 2,350-1,650 yr BP) 
or would prevent it completely (Hypsithermal, and 1,050- 
750 yr BP). There is no evidence that a combined warm and dry 
climate ever existed at those latitudes. The palaeoclimatic recon- 
struction proposed here for the past 5,000 yr BP (Fig. 4), based 
on fluctuations of aeolian activity in northern Quebec, is presen- 
ted as a first approximation. Nevertheless, it brings up the 
possibility of a cool/humid and cold/dry alternation in climate 
during the Holocene in northern, continenta latitudes, as sug- 
gested by the long-term development of dune systems. 

I thank the staff from the Laboratoire de Géochronologic for 
dating the samples, also Professors R. W. Fairbridge (New 
York), C. W. Finki (Fort Lauderdale) and S. Payette (Quebec) 
for reviewing the original manuscript, and Professor P. Morisset 
for discussions. This research was supported by grants from the 
Natural Sciences and Engineering Research Council of Canada 
and by the Ministère de l’ Education of Québec (FCAC Program). 
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A Gunflint type of microfossil 
assemblage from early 7 
Proterozoic stromatolitic cherts in China 
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A well-preserved early Proterozoic microfossil assemblage domi- 
nated by a filamentous form comparable with Gunflintia minuta 
Barghoorn and a coccoid form comparable with ‘Huroniospora 
Barghoorn has been discovered in silicified stratif. orm stromatolites 
of the Dahongyu Formation, Changcheng Group, northern Hebei 
Province, China. It is the oldest in situ microfossil assemblage in 


China. The famous Gunflint fossils, from the Gunflint Iron Forma- 


tion, Ontario’, were the first well preserved and relatively diverse 
Precambrian microbiota to be described””. Several other Precam- 
brian microfossil assemblages are now known, but the Gunflint 
type has thus far been found in only a few other localities: the 
Duck Creek Dolomite, northwestern Australia“; the Frere Forma- 
tion, western Australia®; and the Tyler Formation, northern 
4. Michigan, USA®. They are all early Proterozoic: The discovery 








indicates that the stromatolitic benthic microbiota of the Gunflint_ 


type had a cosmopolitan distribution in time between 2,000 and 
1,700 Myr ago, and may have both palaeoecological and strati- 
graphical significance. 

The sequence forms part of the northern North China Plat- 
form (Fig. 1). The fossil locality and the local geology have been 
described in detail elsewhere’. A generalized stratigraphy is 
given in Fig. 2. The early Proterozoic Changcheng Group con- 
sists of five formations (from the base up): (1) the Changzhougou 
Formation (conglomerate, sandstone and quartzite: ~170 m 
thick); (2) the Chuanlinggou Formation (oolitic and 
stromatolitic iron formation interbedded with carbonaceous 
shales; ~60m thick); (3) the Tuanshanzhi Formation (dolo- 
stone, ~ 170 m thick); (4) the Dahongyu Formation (cherty dolo- 
stone, sandstone and lava; 110 m thick); (5) the Gaoyuzhuang 
Formation (cherty dolostone, ~ 1,000 m thick). 

The Dahongyu Formation is composed of cherty dolostone, 
littoral to neritic sandstone, arkosic sandstone, tuffaceous sand- 


several well preserved and distinct microfossil assemblages have 
“been found in the lower and upper parts of this formation. The 
Gunflint type of microbiota occurs in the lower part of the 
Dahongyu Formation, in a zone 170-200m above the top of 
the Chuanlinggou Iron Formation (Fig. 2). Glauconite from the 
f the Dahongyu Formation in Jixien (eastern Hebei 
~Ar ages of 1,621, 1,643 and 1,678 Myr. The 
ages of the upper part of the Tuanshanzhi 
he Chuanlinggou Formation (the underlying 







Fig. 1 Location of Pangjapu where the Gunflint type microbiota 


were discovered. 
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Fig. 2 Stratigraphica! column of the early Proterozoic Chang- S i i i 

cheng Group in Pangjapu region. The arrow shows the position 
of the Dahongyu microbiota. R ERA 












sediments) are 1,770 and 1,910 Myr. respectively". 

the Dahongyu microbiota is therefore between 1 

1,770 Myr. ar a 
The filaments of G. minuta and coccoids. of 


The filaments are gathered in bunches or intertwined: 
other, often forming a network-like fabric (Fig. 3a, b, 
coccoids are mostly scattered in spaces between the fil 
The distribution pattern of the Dahongyu microfossi 


Schreiber, Ontario, suggesting that G. minuta and Huronios; 





possible that these structures were not original features of the 
Gunfintia organism, but instead have been caused by cell degra- _ 
dation. ‘Budding’ similar to that observe e Gunflint Iron 
Formation" has been observed in the coccoids of the Huronios. 
pora type from the Dahongyu Formation (Fig. 3g). eo ee: 
In addition to the two dominant forms mentioned above, — = 
some other rare filamentous and coccoid forms have been fi ind 
(Fig. 3i, j). Some (Fig. 3j) can be assigned to Gunflint t t 
as Leptoteichos golubicii Knoll, Barghoorn et Awram 
Two different facies of fossiliferous cherts have been recog- 
nized in the Gunflint Iron Formation: the stromatolitic chert 
facies containing the G. minuta—Huroniospora spp. dominated 
assemblage and the non-stromatolitic chert facies containing 
the Kakabekia and Eoastrion dominated assemblage’. The 
Dahongyu microbiota, dominated by G: minuta and Huronios- = 
pora spp., more closely resembles the stromatolitic benthic 
facies’. = A 
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The discovery of a number of Precambrian microfossils over 
the past 20yr has stimulated palaeontological research and 
raised hopes for using microfossils in studying the biostratigra- 
phy of the Precambrian. These hopes have been tempered by 
the findings that some of the dominant Precambrain microorgan- 
isms show an apparent evolutionary conservatism and a con- 


siderable longevity in the fossil record. Eoentophysalis 
Hofmann’?, for example, persists for long periods and has a 
modern counterpart Entophysalis'*. Nevertheless, other Pre- 
cambrian microfossils and their assemblages appear to have 
been limited in time*'°, and the Gunflint type of microbiota 
seems to belong to this kind. Hofmann noted the Belcher Island 
microbiota is significantly different from the almost con- 
temporaneous Gunflint microbiota, but is quite similar to the 
microbiota from the Bitter Springs Formation, that is roughly 
half its age. He concluded that the Belcher and the Gunflint 
microbial assemblages must have lived in different environ- 
ments. 





Fig. 3 Microfossils from the 
Dahongyu Formation. a, b, k, The 
gathered filaments of Gunflintia 
minuta and coccoids of Huronto- 
spora spp, which constitute 
organic-rich stromatolitic laminae. 
c, d, e, h, i Gunflintia minuta Bar- 
ghoorn; the arrows indicate the 
bulges of the filaments which are 
similar to the ‘heterocystous’ struc- 
tures and are probably caused by 
cell degradation. g, J}, Some coccoid 
microfossils. g, A  coccoid in 
budding (arrowed) similar to the 
budding coccoid Huroniospora 
spp. from the Gunflint Iron Forma- 
tion, Ontario, Canda. j, A coccoid 
morphologically comparable with 
Lepitoteichos — golubicti Knoll, 
Barghoorn and Awramik, a 
coccoid taxon from the Gunflint 
Iron Formation of Canada. Scale 
bar, 10 um. 


The cherty dolostone beds in which the Dahongyu microbiota 
occur are intercalated with volcaniclastic sediments and lava, 
suggesting that the Dahongyu microbiota may have lived in a 
shallow marine environment in a region of volcanic activity. 
Evidence of contemporaneous volcanic activity is also found in 
the Gunflint Iron Formation and the Duck Creek Dolomite*’®. 
This suggests that the Gunflint type of microbiota may have 
been ecologically specialized*’’ and may have lived in a unique 
environment related to volcanic activity. 

The taxonomic affinity of most Gunflint microfossils has not 
well been defined. Gunflintia minuta may not necessarily be 
cyanobacteria, because the so-called ‘heterocyst’ or ‘akinete’ 
structures may be degradational artefacts, as mentioned above. 
The fine filaments of G. minuta are morphologically similar to 
some modern photosynthetic and thermophilic filamentous bac- 
teria which live and build microbial mats or stromatolites at 
temperatures up to 70°C in hot springs’™'*. The budding 
coccoids of Huroniospora spp. with a wide range of diameter 
























ae : NATURE VOL, 309 7 JUNE 1984 O 00O per LETTERS TO N ATURE bo se ene oe k | 549 - 


_ (1-20 um) may represent a taxonomically mixed population !°, 
By comparing the Gunflint type microbiota from the Gunflint, 
Frere, Duck Creek, Tyler and Dahongyu Formations, we may 
conclude that: (1) Gunflintia-Huroniospora assemblage domi- 
_ nated a typically benthic mat-building microbial community 
¿Ubat formed stratiform, columnar and spherical stromatolite 
“morphotypes’* in a particular range of environmental set- 
tings*'*. (2) The Gunflint type microbiota had a worldwide 
distribution in the middle Precambrian. Their fossilized remains 
are now found in present-day North America, Australia and 
China. (3) These organisms, as an assemblage association, occur 
within a limited time span of between about 2,000 and 1,700 Myr 
ago. 

The discovery of the Dahongyu microbiota (the oldest in situ 
microfossil assemblage in China) provides new data for genera! 
Precambrian micropalaeontology. This supports the conclusion 
that these microorganisms, and possibly also the environmental 
conditions in which they flourished, were common and 
geographically widely distributed, although restricted to a rela- 
tively narrow time frame in the early Proterozoic. Thus the 
Gunflint type microfossil assemblage may have palaeoecological 
as well as biostratigraphical significance. 

I thank Dr S. Golubic and Dr S. Campbell for help in revision 
, of the manuscript, also Mr Ja Kehua and Mr Ni Debao for help 
with preparation of the thin sections. 
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The myth of the mad March hare 
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nd scientific publications™*, two 
e brown hare, Lepus capensis, are 
Aarch. Second, boxing is their 
le~male competition for mates. Here 
: pre a feature of March than of the 
other months of thei eding season, and that boxing does 
not represent intrasex ompetition but an interaction between 
the sexes whereby a female attempts to prevent a male from mating. 
Finally, we discuss why misleading statements about hare 
behaviour have remained unchallenged for centuries. 

The brown hare is a relatively solitary herbivore, feeding 
mainly at night’. The breeding season lasts from January to 
August, sometimes later, and each female may produce several 
[litters per year”, Despite the length of the breeding season and 
"the extensive overlap of male and female home ranges", it is 
“traditionally claimed that male~male competition, in the form 
of chasing and boxing, peaks dramatically in March!~®. Indeed, 
scientific explanations for such activity have been offered®. 

From 1977 a population of hares has been studied on approxi- 
mately 100 hectares of the flat, permanent pastures of the 






























Month 


Fig. 1 The relative monthly and diel frequencies of types 1-4 
(a~d, respectively) interactions throughout the year. Solid columns, 
sunset-sunrise, open columns, sunrise—sunset. Both diurnal and 
nocturnal samples have been standardized to take into account the 
amount of time spent observing each month. Cumulative hours of 
observation (1977-83) are as follows: January 112, February 123, 
March 158, April 167, May 177, June 181, July 271, August 120, 
September 32, October 96, November 67, December 63; total 1,567. 


Somerset Levels, UK. Recordings were made from a vantage 
point 5 m above ground level. Data from over 1,500 hours of = 
day and night-time observations by A.J.F.H. have been collected 
over 6 yr. From 1980 onwards, using an astronomical telescop 
giving magnifications of > 100 times, and a catalogue of: 
2,000 photographs of the hares, taken through the telescop: 
males and 6 females have been recognized. Males and 
are sexed by observation of male genitals and fema 
Individuals are recognized using features such as inju: 
facial markings and moult patterns. er 
The different types of competitive, reproductive behav 
which occur between individuals are defined in Table 1, toge 
with the totals of observed encounters distinguishing occ. 
when all individuals involved were recognized. Figure 1 : 
the monthly and diel patterns of chase (types 1-3) and b ii 
Of the total number of encounters, 82.1% occurred during th 
usual breeding period (January—August) but only 14% 0l 
encounters were restricted to March. Of the re 
over half (52.4%) were observed at: 
occurred significantly more often 
(October-March) than during summe 
September) (yj = 16.31, P<0.001), 0 ose : 
Five different females and six different males were identified 
for the 17 boxing bouts. In every case the boxing occurred 
between a female and a male; no intrasexual boxing has been 
observed. While we do not discount the possibility that such. 5 
boxing may occur, this finding is supported by an independent, © 
unpublished study in Oxfordshire where for each of 1S bouts 
in which both individuals were identified, a female—male. 
tion was involved (W. Reade, personal communication). 77 
We have also studied a videotape of one prolonged boxing 
match lasting | min 59 s between a female (Camelia) anda male 
(Cadet) filmed by Simon King in late May 1982. During this — 
interaction (counted as one event in the analysis) there was a 
sequence of 35 short, rapid chases: each chase by the male of 
the female alternated, as the male caught up with the female, . 
with 34 separate boxes. In 24 cases, the female alone boxed, 
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Table 1 


Type | chases": 


Type 2 chases: 


Type 3 


a _ Type 4, boxing: 


were identified 


High-speed chases between two adults which were not previously 
in close proximity to each other or another individual. When the 
hares were identified, three of four possible combinations by sex 
were recorded 


High-speed chases between two adults, one of which at the 
inception of the chase was in close proximity to a third adult. 
Chases frequently repeated. When hares were identified, one of 
the males was mate guarding a female and attempted to chase 
off the second male 


High-speed chases with more than two adults in a follow-my- 
leader arrangement. When hares were identified, several males 
were pursuing one female 


chases: 


One hare lunging frontally at another with its forepaws, usually 
from an upright bipedal position. A boxing bout sometimes 
consisted of an alternating sequence of boxing and short rapid 


Total no. of 
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“Summary of the categories of i interaction beteen T the iumbers observed ‘and the « occasions when all sano pani m an interaction 







interactions Interactions in which both or all ha: 
recorded were sexed and individually recognize 
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: A * Type | 1 disi were brief and not repeated and provided limited opportunity for individual recognition. 
=. + Arrow indicates direction of chase. 


22.00 


Sunset 


20.00- : 
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Month 


Fig. 2 Individual records (1977-83) of the times that hares were 
observed to leave their daytime forms in relation to the time of 
sunset throughout the year. This emergence from forms is 
equivalent to the onset of activity. @, After sunset; ©, before sunset. 


beating the head of the male with her paws as he lunged forward 
beneath her. In eight cases the two hares started boxing simul- 
taneously while in the remaining two cases the male started to 
box after the female had initiated. In neither this case nor the 
other 24 boxing bouts did mating occur at the end of the 
encounter. 

The classical view of hare ‘madness’ has been one of a frenzied 
but short period. of male fighting and chasing. Indeed during 
the nineteenth century this episode in March was referred to as 
a rut’. On theoretical grounds such intensive behaviours should 
occur in polygynous speci where females are available for 

mating for only a short, synchronous period''. The fact that the 
hare’s breeding sez s prolonged and involves several litters 
per female with li 
uggested an anomal 
‘be expected to compe 
$ season—our results : 



































upport that expectation. Clearly, much of 





ecause ‘most interactions are nocturnal (Fig. 1): 


reproductive. synchrony should have — 
in the behaviour of males, which would __ 
or mates throughout the breeding 


HARRANS 


; been overlooked. Early in the year this D 


pom 


this viewpoint is supported by Fig. 2. The fact that hares leave 
their resting places (forms) in the early evening throughout the 
year means that activity in winter starts significantly more often 
after sunset than in the summer (yj =36.3, P <0.001). In the 
summer, behaviour patterns are probably overlooked because 
the length of grass restricts an observer's view from ground level. 
In the present study a high observation point and flat terrain 
minimized that problem. 

Previously, boxing was regarded as a form of male—male 
competition for mates. In our study all such interactions were 
between a female and a male. We do not yet know whether the 
sex difference in boxing intensity in the filmed bout is reflected 
in the species as a whole, but it is worth noting that females are 
both larger and heavier than males and in the study population 
males frequently have injury scars to their ears. 

In view of the results presented here, we offer a tentative, 
short appraisal of hare breeding behaviour. Early in the year 
males begin to chase other males and start to search for females. 
A male will guard a female prior to mating and will attempt to 
chase away other males. If there are several males close to an 
oestrous female, all of them, including the guarding male, may 
become involved in a mating chase. Boxing is the means by 
which a female may prevent either a particular male from mating 
with her or, when not in oestrus, any male from mating. This 
pattern of behaviour continues throughout the long breeding 
season. With apologies to Lewis Carroll, the March hare is a 
myth. Z 
We thank Winwood Reade for her observation, Simon King 





ic for his videotape of the boxing bout between Camelia and Cadet, 


and Paul Harvey for his advice. — 
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Spider silk as rubber 
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The silks produced by spiders are exceptional structural materials. 
Although their tensile strengths are similar to those of cellulose, 


collagen and chitin, their extensibilities are considerably greater’. 


Thus, the energy required to break spider silk (that is, its toughness) 
can be 10 times greater than for these other biological materials. 
The silks are crystalline proteins, with substantial portions of their 


polypeptide chains forming crystallites of stacked B-pleated 
sheets**. However, the extensibility of silk is attributed to non- 


crystalline regions, which appear amorphous on X-ray diffrac- 
tion’*. The mechanical properties and macromolecular conforma- 
tion of these amorphous regions have been the subject of much 
speculation'*”-"", but little direct experimentation. Here we show 
. that these regions can behave as rubber networks and exhibit 
rubber-like or entropy elasticity. 

At room temperature (~20 °C, 50% relative humidity) the silk 
produced by the major ampullate gland (dragline silk) of the 
spider Araneus diadematus is very stiff. If, however, an unre- 
Strained segment is immersed in water it absorbs water and 
contracts to about 55% of its dry length”'°. This hydration- 
induced contraction is accompanied by a drastic reduction in 
elastic modulus from ~10'° N m~? to ~10’ N m™°, and a large 

increase in extensibility. These properties suggest that contracted 

_ silk is a protein rubber. X-ray diffraction, however, indicates 
-` that the crystalline regions are relatively unaffected by this 
contraction’. The interchain crystal dimensions are unchanged 

and analysis of diffraction intensities indicates that the crystals 

reorient but are not substantially melted. Thus, contracted silk 
appears to be a protein rubber filled with crystalline inclusions. 
A rubber is composed of a large number of kinetically free, 
random polymer chains that are cross-linked to form a macro- 






“scopic network. The elasticity of such a network is due primarily — 


_to changes in the conformational entropy of the polymer chains, 
-and only secondarily to changes in internal energy''. In contrast, 
stiff solids such as steel, store elastic energy as changes in internal 
energy associated with the distortion of chemical bonds. We 
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: GIRI Self Modulus 
(uncorrected) _ (corrected) (Nm) 


Table I Enthalpy and internal energy components of elastic fo 


0.07 + 0.16 
0.102: 0.07 
0.19+40.12 
0.1920.13 


92x 10° 
6.2 x 10° 
8.5 x 10° 
1.0107 


0,36014 
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Av.=0.14+0.12 
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Elastin 6.26 
Natural rubber 0.18 
cis-1 ,4-Polybutadiene 7 0.13 
Polydimethylsiloxane bd 0.19 
meremas a seseee 
a, The results calculated for contracted spider's silk, as described in the text: 
3 fu/f was calculated from equation 2, as the intercept (at 0 K) of the uncorrected 
ss~temperature plot, divided by the stress at 30 °C (303 K). f/f was calculated 
rom equation 3 using the data corrected to give stress at constant extension ratio. 
“The error estimates were derived from standard errors calculated from the 
regression statistics for the stress—temperature and length—temperature data. The: 
modulus values were calculated by dividing the stress at 30°C at each extension 
by the strain (strain = a —1), to give an indication of the stiffness of contracted 
silk. b, Some selected values for the internal energy component of the elastic force 
for natural and synthetic rubbers. (Data from ref. 13.) 
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have used thermoelastic measurements to determine the relative _ 
importance of internal energy and conformational entropy 
changes in the elasticity of contracted spider’s silk. The elastic 
force (f) for a material deformed as a closed system at constant 
volume (V) and temperature (T) can be expressed in terms of 
changes in internal energy (E) and entropy (S), as follows’: 


f= (GE/AL) vn + TAS/8T Yi vn (E 


where L is the length and n indicates constant composition; 
Thus, the slope of a force-temperature plot at constant length 
and volume and fixed composition, (4f/T) Lv,m Multiplied by 
temperature gives the desired conformational entropy com- _ 
ponent of the elastic force (fg), and the intercept of the force- 
temperature plot, (@E/dT)7,.,, gives the internal energy com- 
ponent (fe). $ 

In practice, it is nearly impossible to maintain constant volume: 
and fixed composition in a thermoelastic experiment because 
the swelling of a sample held in equilibrium with a swelling | 
solvent can vary with temperature. A thermoelastic relationship- 
written for the conditions of constant pressure (P) and swelling — 
equilibrium (eq), | ae 
















f=(0H/L)peeq+T(Af/0T ip O 


yields entropy and enthalpy (H) components, which contain | 
contributions from network chain conformational changes and | x 
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Fig. | 
samples of dragline silk immersed in distilled wai 
length appears to decrease linearly with temperature overt n 
10-30 °C, and linear regression analysis of all data up to 30° 
indicates a coefficient of linear expansion of ~1.8 x 1074 °C”! Cee 
0.923, n = 50). Above 30°C the magnitude of the swelling change: 







_ appears to increase significantly, and regression analysis of all data: Sas 
above 30°C yields an expansion coefficient of —3.9x107¢°C"! 
{R° = 0.855, n = 15). The cause of this change in swelling behaviour 
at around 30°C is unknown, but to avoid problems we restricted 
our thermoelastic measurements to the region of linear behaviour: 
between 10 and 30°C. Swelling in this range is assumed to be vo 
isotropic, but this assumption was not tested due to the small 
swelling coefficient and the small diameter of the silk fibres 
(~3 um). _ | | 
Methods: Samples were suspended vertically in a cuve 
from microscope slides and held extended at essentialls 
by the weight of a glass rod (~ 5 mm long, 0.1 mm diz 
to the free end of the silk fibre. The weight of 
extension of less than 0.3%, and its effect 
the length of the silk fibre were observed bi 
movement of its free end with a filar m 
Wild M5 dissecting microscope. The cuvette was mo te 
temperature-controlled stage. and temperatures were measured 












(+0.5 °C) with a thermistor placed near the samy le. 








H ponent of the elasti 













Oss O 





P 1.293 
, x 





Stress (x 105 N m7?) 
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Fig. 2 Thermoelastic data for dragline silk immersed in distilled 


-> water and extended to the extension ratios indicated. Samples 


i (~2 cm long) were mounted on a test frame, described previously’, 
_. in which the force is determined by following the deflection of a 
thin (~0.1 mm diameter) glass beam. The beam deflection was 
- measured with a filar micrometer eyepiece on a Wild M5 dissecting 
microscope, and sample temperature was maintained and 
measured as described for Fig. 1. The silk sample was extended 
to its test length at the highest temperature (~30 °C) and allowed 

to relax for about | h. The temperature was then lowered in stages 

to ~10 °C, raised in stages to ~30°C and lowered again to ~10 °C. 
The forces at each temperature were calculated from the mean of 
6-10 determinations of beam deflection, and in all cases the stan- 
dard error was roughly the size of the point plotted. The solid lines 
indicate the linear regression of the data (correlation coefficients, 
R?, are all greater than 0. 91). The broken lines indicate the 
regression line corrected to give stress at constant extension ratio. 
The corrected data were used with equation 3 to calculate f,/f. 


also from polymer-solvent mixing processes. To determine fe 
and f; for contracted spider's silk we have used constant-pressure 
measurements, and then corrected for swelling changes by calcu- 
lating the force-temperature coefficient at constant extension 
ratio (a Te length/initial length), using the following 
relationship? 


din(f/T) 

T 
where f;:/f represents the fraction of the force due to changes 
in internal energy, and A, is the coefficient of linear thermal 
expansion. Because this swelling correction assumes that swel- 
ling changes are isotropic, the calculated te: /f values are reason- 
able approximations but are not exact. 

Figure | shows length-temperature data for contracted silk, 
from which A, is calculated as —1.8 x 1074 °C™' between 10 and 
30°C. Figure 3 shows the results of thermoelastic measurements 
on contracted silk at three extensions. The force values are 
divided by the initial cross-sectional area to give a value for 
stress. For each extension the solid line shows the linear 
regression of the data; the broken line is this regression corrected 
for the effects of swelling to give the stress at constant extension 
ratio, with 30°C taken as the reference. 

Table | gives the ‘enthalpy (fu/f; equation 2) and internal 
energy (f/f; equation 3) components of the elastic force calcu- 
lated from our data, The enthalpy (that is uncorrected) com- 


Jel =E ( ) + TA, (3) 












becomes increasingly positive as extension increases. It is 
unlikely that the: amorphous chains crystallize with extension 





- a because the enthalpy component, which would be negative for 
<o such a strain-induced | crystallization, becomes positive as 
„extension i increases. Rather, the negative enthalpy component 


- which is palpable within 1 week of inoculation’; 


orce is negative at low extensions and 
| fibroblasts derived from chick embryos (CEF) aed infected. with 


at low extensions arises from the thermal-swelling behaviour of 
the material. When the data are corrected for swelling effects, 
the internal energy component (fe/f) becomes a small and 
essentially constant, positive fraction of the elastic force. The 
average f/f value of 0.14 is similar to that seen for other rubb 
materials (Table 1b)'°, and indicates that roughly 85% of thd 
retractive force of contracted spider's silk is due to changes in 
polymer chain conformational entropy. 

The thermodynamic properties of contracted diae silk 
indicate that the material is a rubber. Apparently, when 
immersed in water the protein chains in the amorphous regions 
have sufficient kinetic freedom so that bulk deformations do 
not cause any major changes in bond energy potentials. Rather, 
energy is stored primarily as a change in the conformational 
entropy of these chains. The crystalline regions presumably serve 
to cross-link the amorphous chains into a network. This pro- 
posed structure for contracted (that is, hydrated) silk may shed 
important light on the behaviour of the silk in its normal, 
non-contracted state. Protein rubbers in general are rubbery 
only when swollen in water or some other polar solvent’*. A 
lowered water content decreases kinetic freedom of the peptide 
chains, and the material enters its glass transition, where stiffness 
increases dramatically, extensibility is reduced, and viscoelastic 
energy dissipation becomes very important”. We propose that... 
the dragline silk of A. diadematus in room conditions should | 
be thought of as a rubber that functions near the middle of its 
glass transition. The amorphous regions provide a reasonably 
stiff, energy-absorbing matrix within which are embedded very 
stiff, crystalline inclusions. In this respect silk, like nylon, is a 
fibre-reinforced composite, and the analysis of silks as composite 
materials may well explain their unusually high breaking 
energies’ 
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Inability of Rous sarcoma virus 
to cause sarcomas in the avian embryo 
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The injection of Rous sarcoma virus (RSV) into the wing web ol 
newly hatched chicks causes a rapidly growing sarcomatous tum 
and cultures of : f 






RSV become rapidly transformed”. Genetic studies have deter- 
mined that expression of a single viral gene, designated v-sre, is 


_ necessary for neoplastic transformation’. This gene codes for a 
60,000-molecular weight phosphoprotein termed pp60°", which 
























s possesses a protein kinase activity that phosphorylates polypeptides 


On tyrosine residues and is constitutively expressed in infected 


CEF cells“. It has been suggested that transformation, and possibly 
tumorigenesis, may result solely from the consequences of this 
ancrease in tyrosine phosphorylations*. The pathogenicity of RSV 
-in chick embryos in ovo is less clear. Murphy and Rous” suggested 
‘that RSV may have caused tumours in “various tissues” of “some 
embryos”, but the subsequent studies of Milford and Duran- 
Reynals”, as well as several other laboratories”*, failed to find 
any evidence of intraembryonic tumours in RSV-infected early 
embryos. The findings of Duran-Reynals, if correct, cannot. be 
explained easily in view of our present understanding of RSV 
tumorigenicity. Thus, we have re-examined the interaction of RSV 
with the avian embryo and confirm here that RSV is non- 
tumorigenic and non-teratogenic when microinjected into day 4 
chicken embryos. In addition, we found that (1) the virus not only 
replicates in the embryo, but it also expresses an active sre-specific 
protein kinase and (2) once the cells from the infected limbs are 
disrupted and placed in culture, they are capable of expressing 
the transformed phenotype after a 24-h delay. | 

Using a capillary tube pulled to 40-75 jm diameter, we inocu- 
lated the limb bud of day 4 chicken embryos (stage 22-24)” with 
10°-10° focus-forming units of Prague-A (PRA) or Schmidt- 
' Ruppin-D (SRD) RSV. Control embryos were inoculated with 
irus-free medium (medium 199 supplemented with 2% tryptose 
phosphate broth, 2% fetal calf serum and 1% chick serum— 
designated medium 2-2-1). Embryos were allowed to continue 
in ovo and eggs were candled daily. Some embryos were killed 
and analysed at various developmental stages: others were 
examined at death. We found no appreciable difference between 
the survival of control and virus-inoculated embryos until 7 days 
post-injection when the mortality of virus-inoculated embryos 
increased relative to the inoculated controls, suggesting that 
events specific to the virus infection had subsequently begun to 
manifest themselves (data not shown). 

To date we have inoculated over 1,500 embryos. Those 
examined for tissue histology and gross morphology at various 
times during development showed no indication of neoplastic 
growth or teratogenesis. Figure id, e shows an example of a 
limb bud from a 14-day embryo which had been inoculated with 





virus on day 4. By morphological criteria, chondrogenic and 


myogenic differentiation are unimpaired. A section through the 


limb bud of an embryo inoculated with medium alone is presen- 
ed for comparison (Fig. la). 25% of the RSV-containing 


embryos developed blood blisters that varied in size from | to 
10 mm and resembled the non-neoplastic haemorrhagic lesions 
first described by Duran-Reynals®'® (Fig. 1b, c). No lesions were 
observed in control inoculated embryos, nor in embryos infected 
with transformation-defective (td) RSV (not shown). 

The absence of response to RSV in embryonic limb buds 
contrasted sharply with the response in the wing of newborn 
chicks. As d istrated by others’'', we found that, within 10 
days, 75% of newborn chicks inoculated with 10* FFU of 
RSV has palpa mours, >5 mm in diameter. Furthermore, 
rated tumours in 15% of the birds within 
ne histological appearance of haemor- 
distinguishable from that of RSV- 
| aken from a 10-day-old chick inocu- 
lated 24h after hate! mpare Fig. ib and c with f). The 
tumour tissue was invasive and contained a heterogeneous popu- 
lation of cells with large irregular nuclei characteristic of neo- 
plastic tissue. As we used cloned viruses and specific pathogen- 
free (SPF) eggs, we have essentially ruled out artefacts of poss- 
ible interference by endogenous or exogenous viral con- 
taminants. The results confirm those of Duran-Reynals and 
thers®’'°, and suggest that early embryos are indeed refractory 
-tø the tumorigenic potential of RSV. 
© To determine whether or not RSV replicates in ovo, control 
and infected embryos were killed on day 14, and various tissues 
were homogenized and screened for the presence of reverse 
transcriptase'’. We found more than a 10-fold increase in activi ty 
of the enzyme in the inoculated limb tissues, and a significant 










generated tumouw 
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Table 1 







increase of activity in tissues distal to the infected limb bud 
(Table 1a). Virus from these embryos formed up to 2 x 10° FFU 
per pg of tissue DNA. Tissue isolated from 10-day-old tumou oe 
in young chicks contained 0-5-2 x 10° FFU per pg of DNA. Tt > 


should be pointed out that as we neither observed an obvious. - 
tumour nor assayed the entire wing, some cells may not be _ 


infected. On the other hand, tissue taken from the tumours in. 
the newborn, by definition, was viraemic. Some vi rus-inoculated 
embryos did not show the presence of virus when screened at _ 
day 14; we presume that, in these embryos, the injection was. 


unsuccessful. 


Despite the absence of tumours, tissues from infected embryos > 
contained elevated levels of viral kinase activity, at times com- 
parable with the levels found in tumour tissue. The level of 
kinase activity varied among embryos, but in the inoculated 
limbs there were increases as high as 50-fold compared. with 


control tissues. Other tissues also contained elevated levels of 


kinase activity, suggesting that the infection had spread 
throughout the embryo. Elevation of kinase activity was detect- 


able as early as 2 days after inoculation; therefore, full viral 


gene expression probably occurred soon after infection. — 





Parameters associated with virus production in RSV-infected | 
, embryos a 





a Reverse transcriptase activity 


Fold increase 


Tissue 
Plasma 2.4 
Wing 10.1 
Breast 3.0 
Viscera 1.6 
Brain 2.1 


b Infectious virus and kinase activity 










Uninfected Infected 
FFU x10% per pyg DNA 0 13208 P 
Kinase per pg DNA ae es a 1904+83 i 82: 
c Distribution of kinase activity- TRO 
Tissue Fold ine e 
Infected wing 51.090 
Liver 77 
Opposed wing 3.7 


Embryos were inoculated as described in the text, killed on day. 
and tissues were immediately frozen in a dry ice bath. a, Tiss 
subsequently homogenized in 1.5m! of 10mM Tris, 1 
0.05 ml of each tissue specimen was assayed for reverse tr: 
activity according to the procedure of Tereba and Murti'’, ar 





was assayed for DNA content by the method of Hinegardner™. Fold © 
increase is the ratio of reverse transcriptase activity (normalizedto DNA) a 
in the tissues of virus-inoculated embryos compared with the normalized = 
reverse transcriptase activity in the corresponding tissue of controls: b= 


Tissues were prepared as in a except that, for kinase analysis, they were- 
homogenized in disruption buffer (25mM HEPES buffer ( pH 6.8), 1% 
Nonidet P-40, 0.5M NaCl, 5mM EDTA and 2% Trasylol), Kinase 


assays were done as described** except that the reaction buffer was... : 
l0mM HEPES, 5mM MnCh, 16mM NaCl. Each sample was aso = = 


assayed for DNA content as described“. Focus-forming activity was 
determined as described elsewhere“ and normalized to the DNA content 


of the same tissue. Kinase activity was quantified by solubilizing the. - : 
IgG band, counting the radioactivity and normalizing the counts to the 





DNA content of the sample. c, Fold increase refers to the ratio of 


activity in tissues infected with virus and normalized to DNA content, wee 


compared with the corresponding normalized tissue in controls. Note 
that despite a 10-fold reduction in FFU, kinase activity at times is as 
high as in the tumours. As the infected wing cells in ovo have ‘normal’ . 


morphology, they may not be able to replicate the virus at the same a 
rate as transformed cells. This is supported. by our preliminary data ~~ 


which indicate that transformed cells plated on normal extracellular. 
matric flatten out and, while they contain appreciable kinase activity, 
virus replication is reduced considerably*’. | 













b 











Embryos which failed to show an increase in kinase activity 
also failed to show reverse transcriptase or focus-forming 
activity, and probably had not become infected, as discussed 
above. 

We next addressed the following questions: (1) How do the 
cells from the limbs of infected 14-day-old embryos behave after 
being disrupted and placed in culture? (2) Are the cultured cells 
from the limb buds of 4-day-old embryos as susceptible to 
transformation and virus production as cells from older 
embryos? Using morphology and the rate of sugar uptake as 
two commonly measured criteria of transformation, we com- 
pared cultures prepared from the wing of inoculated embryos 
with either cultures derived from the wing of control embryos 
which were infected at the time of plating, or cultures derived 
from tumours generated in newly hatched chicks (Fig. 2). Cells 
were cultured in 25-mm multiwell plates at high density (4—5 x 
10° cells cm) to discourage the horizontal spread of infectious 
virus. Chick cells cultured in these conditions grow slowly; the 
percentage of cells infected in the first 72h is reduced by a 
factor of 5 or more compared with cultures infected at low 
density (data not shown). Despite high kinase activity which 
was elevated in the intact tissue and which remained high after 
disruption, cells infected in ovo appeared quite normal initially, 
= by the criteria of both morphology and rate of sugar uptake. 
~~ However, within 24h the cultures became morphologically 
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Fig. 1 Histology of inoculated limb 
buds and tumour tissue. a~e, 
Embryos were inoculated on day 4 
as described in the text and were 
killed on the indicated day. The 
inoculated limb was removed and 
fixed in Bouins, embedded in 
paraffin and sectioned (5 pm), Sec- 
tions were photographed after stain- 
ing with haematoxylin and eosin 
using a Nikon diaphot microscope. 
a, Control limb inoculated with 
medium alone and killed on day 13. 
x280. b, Limb inoculated with 
10° FFU of SRD RSV and killed on 
day 13. x105. Note the haemorrhagic 
lesion on the left. c, Same as b. Lesion 
is in the upper left quadrant. x280. 
d, Limb inoculated with 10° FFU of 
SRD RSV and killed on day 12. x70. 
No abnormal morphology was 
noted. e, Same as d showing the peri- 
chondrium and adjoining tissues. 
x280. f, Tumour tissue from 10-day- 
old chicken, inoculated with 10° FFU 
of SRD RSV after hatching. Tumours 
first appeared on day 7. x280. 





transformed (en masse rather than as foci) and the rate of sugar 
transport increased. This ‘delayed’ transformation ts not due to 
the process of tissue disruption associated with the preparation 
of cultures, as cultures derived from tumour tissue or from fully 
transformed cultures retained a transformed morphology and 
high sugar uptake immediately after trypsinization and re- 
plating. On the other hand, cultures derived from normal 
embryos which were infected after plating (multiplicity of infec- 
tion (MOI)=0.2; approximately the same virus-to-cell ratio 
found in the infected limb tissue at the time of culturing) began 
to show foci of transformation and a stimulation of the rate of 
sugar transport only after an interval of 72 h. 

Thus, embryonic cells infected in ovo retain their normal 
phenotype in ovo, as well as initially after plating, but the ability 
to display a transformed phenotype is rapidly acquired after the 
cells are placed in culture. It is possible that either the culture 
conditions are permissive for the expression of the transformed 
phenotype, or alternatively, these cells may experience an 
acceleration of the developmental programme which would-+} 
normally lead to the tumour permissiveness observable in newly / 
hatched chicks. The notion that the developmental programme 
of chick cells may accelerate in culture at high densities has 
been suggested by previous work in this laboratory”. 

To determine whether cells from the limb bud of day 4 
embryos are as susceptible to transformation, and whether they 
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Fig. 2 Determination of transformation in paies derived from 
the wing of control embryos infected at the time of plating (a), 
cultures prepared from the wing of inoculated embryos (b), and 
_ cultures derived from tumours generated in newly hatched chicks. 
(c). Embryos were inoculated and killed as described in the text. 

The inoculated limb was removed and a portion of intact tissue 
was assayed for kinase activity as described in Table |. The rest 
was digested for 45 min at 39°C in a solution of medium F-10, 
0.15% trypsin, 0.3% collagenase (type IJ) and 5% fetal calf serum. 

An aliquot was checked under a microscope to determine the extent 
of digestion and the incubation time was adjusted accordingly. 
After digestion, the cells were washed twice in medium 2-2-1, and 
plated at high density (4 x 10° cm~*). At the times indicated, 2- 
deoxyglucose“® (broken lines) and kinase** (solid lines) assays were 
performed. The assays for each time point were normalized to that 
of cultures of cells derived from uninfected embryos and are 
expressed as the fold increase relative to the control. Y Indicates 

the time of appearance of morphological transformation. 





produce progeny virus at the same rate, as cells derived from 
the limbs of day 14 embryos, limb bud tissues from the respective 
embryos were dissociated, plated at low density and infected 
ith RSV at a high multiplicity of infection (MOI = 2). Cultures 
jere subsequently screened for reverse transcriptase activity, 
sugar uptake and morphology. Predictably, the growth rates and 
subsequent morphologies of infected and uninfected cultures 
derived from day 4 embryos differed from those of their day 14 
counterparts. However, the increase in sugar uptake and the 
production of vi 
infected cul 

















s (Fig. 3). 
replication of RSV in certain avian embryo 
in the absence of transformation has been 
ected limb cells in our experiments differ 
xpress their transformed phenotype once 
not a selection phenomenon as we 
90% of the isolated limb cells are 
of viral antigens before culturing 
B., unpublished); and as shown in 
ese cultures occurs en masse within 










positive for th 
(D.S.D., M. Gates. 
Fig. 25, transformation it 
24 h. Dunkel and Groupe’® 
onic day 3 limb buds. infected in vitro and grafted onto the 
chorioallantoic membrane of 9-day-old eggs, show virus replica- 
tion long before tumour foci appear. The eventual presence of 
tumours may be due to the disruptive nature of the grafting 
rocedure, the altered developmental environment, or other 
ifferences i in experimental conditions. 

© We are presently considering three general hypotheses which 

might explain the apparent inability of RSV to cause sarcomas 

in chick embryos. First, the intracellular concentration of viral 

kinase activity (or its localization) may be suboptimal. Second, 
_ acellular component, required for tumorigenic expression, may 
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found, several years ago, that embry- — 
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Fig.3 Susceptibility to transformation of cells from limb buds of 
day 4 and day 14 embryos. The limb buds from several 4-day-old 
embryos were microdissected, pooled and dissociated as described 
in Fig. 2 legend. The lower limb of a 14-day-old embryo was 
prepared in the same fashion. Both were plated at low density 
(5 x10* cells cm™*), and half the plates from each group were 
infected with SRD RSV at a MOI of 2.0. 2-Deoxyglucose uptake — 
(broken lines) and reverse transcriptase activity (solid. lines), as 
well as morphology and cell number, were monitored daily. Each. 
of the infected cultures was normalized to its uninfected counter- 
parts and the result is expressed as the fold increase compared 

with the norma! control. 


be absent from the early embryo; this component might jes ao: 
target for the viral kinase”, for an ‘additional’ sre gene- | 
mediated activity""**, or a hormone, growth factor or — 
endogenous promoter’. In addition to published data? 
for cases in which kinase activity alone does not appear to be ` 
sufficient for transformation in culture, there are recent data to. 
indicate that some temperature-sensitive mutants of RSV. ha 
comparable kinase activity at both permissive and non-per 
sive temperatures (A. Stoker, P. Enrietto and J. Wyke, Pp 
communication). This indicates the possible importance 
activities and/or domains in pp60°" for transformation’ 
Third, the early embryo may contain inhibitors for an 
necessary interactions*'**. We are presently deter 
whether or not known targets of pp60°" are phosphorylate 
tyrosine in ovo. 

We have been unable to determine whether ana infe 
















pil cash all four died within 4 days of hatching from as 
undetermined causes. Several examples exist p th for sustai 


suppression teated to the delapan 
animal'®?>-°? but obviously more emib OS mi 
draw any firm conclusions. E ae 
How general are the implications of these findings fors retro- | 
viral tumorigenicity in the embryo? Clearly, there is target speci- 
ficity, and the age of the embryo and possibly route of injection == 
are important factors. Smith and Iranyi"’ found evidence for __ 
target ‘stem’ cells in 12-day-old embryos when injected 
intravenously with myeloblastosis-associated virus (MAV)- 2X0). - 
These chickens developed suppression of bursal and thymic __ 
lymphoid cell development 2-3 weeks after hatching. A an 
of avian erythroblastosis virus appears to produce e : 
blastosis in 12- day- old embryos efficiently, but it doe not 
produce sarcomas in the embryos. Nevertheless, sa oma 
readily produced in |-week-old chicks by the sar 
This latter finding supports our general conclusio 
tion of sarcomas in the embryo i is either supp 7 
additional factors not present in the embryo. == a eae 
Note that most of the studies with chick embryos TE be hee 














_ done using embryos over 10 days old and our studies were done — 


with 4-day- old embryos. It is possible that the susceptibility of 
the embryo to RSV tumorigenicity may increase as the embryo 
develops. It is also possible that if factors from transformed 
cells were present, one could induce tumours even in 4-day-old 
embryos. In preliminary studies we have failed to induce 
tumours with transformed cells. However, we could not ascertain 
whether or not the cells remained viable and will in future use 
cells such as quail that could be distinguished from chick 
| cells. | 

~ It seems that while kinase activity of pp60™ may be necessary 
for RSV-mediated transformation and tumorigenesis, there are 
one or several other developmentally related criteria which must 
be met before expression of the malignant phenotype is possible. 
The temporal sequence of the expression of viral and cellular 
factors may also be an important determinant. Infected cells, 
once placed in culture, overcome the in ovo restriction and 
become transformed rapidly. The mechanisms of both the 
restriction in ovo and transformation in culture are being investi- 
gated. 
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We report here significant primary sequence homology among the 
predicted translational products of three genes: CDC4, CDC36 
and ets. CDC4 and CDC36 are Saccharomyces cerevisiae cell 
division cycle genes, while ets is a transformation-specific sequence 
of avian erythroblastosis viras E26. The deduced primary struc~ 
tures of the three gene products were compared by computer toa” 
large data base of known and predicted protein. sequences’, The 
search revealed 22.0--25.5% identity over regions of 140-206 
codons, respectively between the different pairwise combinations. 
For these particular sequences, these identity scores fall 3.4-4.0 
standard deviations above the empirically-determined mean values 
of fortuitous similarity. S. cerevisiae calls require CDC36 and 
CDC4 in order to complete two early events in the cell cycle: 
execution of start (CDC36)’ and spindle pole body separation 
(CDC4F. In virus E26, the ets sequence is linked in frame with 
Agag and myb” in the tripartite structure 5’ '-Agag-myb'-ets-3’, 
comprising the E26 transforming oncogene 5, The homologies 
described here suggest that the biochemical f unctions or regulation 
of the CDC4, CDC36 and ets products may be related. 

Figure | shows an alignment of the inferred amino acid 
sequences of the entire CDC36 translational product (middle 
line) with homologous regions of the CDC4 and ets products. 
The locations of these sequences in their respective genes are 
shown in Fig. 2. The lengths of the CDC4, CDC36 and ets 
products are 779, 191 and 491 amino acid residues, respectively. | 
Above the complete 191-residue CDC36 sequence in Fig. | is 
the 149-residue C-terminal portion of the CDC4 product. Below 
CDC36 is a 206-residue region from the middle of the ets 
product (Fig. 2). The most striking similarities are observed near 
the N-terminus of the CDC36 product. In this region, between 
CDC36 Ala 8 and Ser 22, 6 out of 15 residues match among all 
three sequences, and 7 out of 15 match between two sequences. 
Another region of substantial similarity is the 10-residue region 
from CDC36 Tyr 39 to Gin 48, in which the CDC36 product 








Table 1 Homology between pairwise combinations of CDC4, CDC36 
and ets 

Standard Probability 

deviations of fortuitous 
Gene pair % Identity above mean match 
CDC4-CDC36 25,5 4.0) 0.003% 
CDC36~ets 22.0 4.0 0.003% 
ets-CDC4 22.8 3.4 0.033% 





% Identity refers to per cent of matching residues per sequence length. 
Standard deviations above mean refers to the number of standay 
deviations the alignment scores fall above a mean value of chance 
homology empirically determined by aligning a large number of 
scrambled sequences of identical composition and length (ref. | and 
see text): Probability of fortuitous match refers to expected per cent of 
random sequences with alignment scores greater than or equal to that 
of the genuine gene pair alignment, based on an empirical distribution 
of alignment scores of scrambled sequences (ref. 1 and see text). 



























Fig. 1 Alignment of the predicted 

primary structures of the CDC4, COC4 

CDC36 and ets products. Amino C2996 

acid identities are boxed: conserva- 

tive changes are enclosed by dashed 
®-boxes. Sequence gaps necessary to 
obtain optimal alignment are rep- 
resented by spaces. The coordinates 
refer to the CDC36 residue number, 
with the initiating Met=1. The 
CDC36 product is aligned for 
maximal homology with the CDC4 i” 
and ets products. This alignment 
does not give the maximal homology 
between CDC4 and ets. Single-letter 
abbreviations for the amino acid 
residues are as follows: A, alanine: 
C, cysteine; D, aspartic acid; E, 
glutamic acid; F, phenylalanine: G, 
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N, asparagine; P, proline; Q, glutamine: R, arginine: S, serine: T, threonine; V, valine; W, tryptophan; Y, tyrosine. 


Methods: CDC36 and CDC4 were isolated on recombinant plasmids 
Each was shown to represent the authentic CDC36 and CDC4 genes 


by transformational complementation (ref. 18 and unpublished data). 
by their ability to recombine at their respective genomic loci (ref. 18 


and unpublished data). The CDC36 and CDC4 genes were localized by subcloning, RNA blot analysis and R-loop mapping (ref. 18 and 





unpublished data). CDC4 was sequenced by chemical degradation methods’? and found to contain a large open reading frame of 779 codons. 
The 149 C-terminal residues of the CDC4 predicted translational product are shown. Sequencing of CDC36 by the ml3-dideoxy method?” 
revealed an open reading frame of 191 codons within the 615-base pair transcribed sequence. The complete CDC36 deduced translational 
product is shown. A clone prepared from cDNA transcribed in vitro from E26 genomic RNA was sequenced by the m13-dideoxy method”? 


and found to contain an E26 transformation-specific (ets) sequence flanked by myb" (an internal 0.8-kb subset of the 1.2-kb AMV-related 


"~ 


sequence, myb*) and an env-related sequence*. ets encodes the C-terminal 491 amino acid residues of p135 (ref. 4 and Fig. 2). 206 residues sae 


of the ets predicted translational product are shown. 


matches either the CDC4 or ets products at 8 of the 10 positions. 
We view these similarities as strong evidence that these gene 
products are related. Overall, the homology between the different 
pairwise combinations ranges from 22.0 to 25.5%. These scores 
_ were compared with the results of a ‘jumble test’, in which sets 
of scrambled sequences whose compositions and lengths are 
identical to those of the two sequences under study (that is, 
between 149, 191 and 206 codons of CDC4, CDC36 and ets, 
respectively; see Fig. 2) are subjected to the same alignment 
and scoring procedure used for the authentic alignment’. The 
homology values of the genuine sequences were found to lie 
3.4-4.0 standard deviations above the mean values of the ran- 
domized sequences, indicating a low probability that the 
similarities detected are fortuitous (Table 1). We cannot 

rigorously exclude the possibility that any of the similarities 
_ detected here are the results of convergent, rather than divergent, 
evolution. However, si “particular protein structure can be 
obtained from many d imino acid sequences, sequence 






























Additionally, the requirement 
‘products in the G, phase in 
gests an ancestral relationship 


define early events in the cell cycle 
visiae (see ref. 6 for review). Cells 
division at start, a point in the late 
. Start appears to be the cell cycle 
normally controlled, as wild-type 
nutrients or responding to mating 

F Cells arrested at this stage are 
unbudded and haven ndergone duplication of the spindle 
pole body, which serves as the microtubule-organizing struc- 
ture*, The next defined step in the mitotic cycle requires CDC4. 
Cells arrested by the cdc4 defect also fail to initiate DNA 
synthesis” and have duplicated but unseparated spindle pole 
bodies. Completion of the cdc4-sensitive step results in separa- 
ion of the duplicated spindle pole bodies, which migrate to 
< opposite sides of the nucleus to become the poles of the mitotic 
spindle’. Although arrest by cdc4 is morphologically advanced 
with respect to start, cells at both stages remain in G,. Moreover, 
both of these arrests share the properties that (1) entry into the 
S phase requires additional protein synthesis’ and (2) the cells 


pheromone also arre 





gnificant lengths (for example, 


may enter directly into meiosis without completing a mitotic 
cycle if transferred to the appropriate medium'®. By contrast, 
CDC7 defines a later period of the G, phase which lacks these ae 
properties. Therefore, it is not unreasonable to suppose that the- “| 
structural feature shared by the products of CDC4 and CDC36. 
is essential to their function or regulation in a segment of G; 
ets is a genomic sequence of the avian erythroblastosis \ 
E26°°, E26 is related to avian myeloblastosis virus (AM 
that both viruses are replication-defective, contain a | 
amv) sequence, and cause acute myeloblastic leukaemia ye 
not transform chicken fibroblasts in culture’'-'?. Howe 
predominant disease caused by E26 is erythroblastosis, w 
AMV causes myeloblastosis exclusively'*'*. The E26 01 
is a tripartite hybrid composed of the in-frame fusions- 
myb™-ets-3' (refs 4,5). The Agag, myb® and ets sequenc 
prise 0.8, 0.8 and 1.5 kilobases (kb), respectively, of the hybi 
gene’. This oncogene codes for a putative transforming p 
of 135,000 molecular weight, termed p135 (ref. 12), of whic 
encodes the C-terminal 491 residues“ (Fig. 2). DNA hybrid 
tion experiments revealed the existence of cellular proto-et: 
sequences, which are unlinked to proto-myb*”. PS 
The biological functions of the CDC4, CDC36 and ets prod- 
ucts remain unknown. The product of another yeast : z 
CDC28, is homologous to the products o . | 
many of which have been shown to encode protein kinases, oo 
in view of these results it is conceivable that the products of 
retroviral transforming genes share functional domains with 
proteins that control cell division. Other authors have reported 
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Fig.2 The locations of the sequences compared in Fig. | relative 
to the complete gene products. Numbers below each line indicate 
the residue length of that section. Dashed lines enclose homologous 
sequences presented in Fig. |. N and C refer to the amino and 
carboxy termini, respectively. Drawn approximately to scale, 
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significant homology between other yeast sequences and the 
-vertebrate oncogenic sequence ras'®™, Our findings extend these 
` observations and support the notion that the mechanisms con- 
trolling cell division in yeast and cellular proliferation in verte- 
brates may be related. 
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of YM-medium, containing 0.3% yeast extract, 0.3% malt extract, 
0.5% polypeptone (pancreatic digest of casein) and 1% glucose. 


A novel protease from yeast with 


specificity towards paired basic residues Cells (wet weight 45 g) were lysed by incubation with Zymolyase- 
60,000 (Seikagaku Kogyo) at 35 °C for 4h (ref. 17), and homogen- 
Kensaku Mizuno & Hisayuki Matsuo ized with a Polytron homogenizer. After centrifugation at 30,000¢ 
for 30 min, ammonium sulphate. was directly added to the super- 
Department of Biochemistry, Miyazaki Medical College, Kiyotake, natant to a final concentration of 90% saturation and the resulting 
Miyazaki 889-16, Japan precipitate was resuspended in 10mM Tris-HC! buffer, pH 8.0, 


and dialysed against the same buffer. The dialysate was applied 
to a column of DEAE-Sephadex A-25 (3 x30 cm), equilibrated 
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Paired basic residues have been observed as sites of proteolytic with the same buffer. The column was washed with 10 mM Tris-HCI- 
processing of prohormones in a wide range of eukaryotic species ~. buffer (pH 8.0) and then eluted with a 1-1 linear gradient from 0° 
This strongly suggests that proteases exhibiting specificity towards to 0.5 M NaCl in the same buffer. Fractions of 15 ml were collected 
paired basic residues may be involved in prohormone processing, at a flow rate of 30 ml h™'. Enzyme activity was assayed by using 
but candidate enzymes have not so far been identified. Yeast the synthetic enkephalin-containing peptide, Tyr-Gly-Gly-Phe- 
Saccharomyces cerevisiae a-cells synthesize and secrete a-mating Leu-Arg-Arg-Phe-Ala-NH2, as a substrate. Aliquots (20 yl) from 


each fraction were incubated at 37 °C for 2h with 0.1 nmol of the 
substrate in 100 pl of 0.1 M ammonium acetate buffer (pH 5.5) 
containing I mM EDTA and | mM dithiothreitol. After stopping 
the reaction by 10 min of boiling, the amount of [Leu Jenkephalin- 
Arg generated was measured by radioimmunoassay using an anti- 


factor, a peptide of 13 amino acids**, the processing of which 
from a larger precursor involves cleavage at paired basic residues 
(-Lys-Arg-)"°. We have therefore used them as a simple model 
system for the study of prohormone processing and report here 


the identification, in cell lysates, of a novel protease which specifi- serum directed against the C-terminus of [LeuJenkephalin-Arg as 
cally recognizes and cleaves the peptide bonds between consecutive reported previously’ (-@-~@-@-—). The enzyme fractions (marked 
basic residues. The purified enzyme, which we have called pro- with bar) obtained from DEAE-Sephadex A-25 chromatography 
pheromone-convertase Y, has a molecular weight (MW) of around were pooled and concentrated by 90% ammonium sulphate pre- 
43,000. It cleaves various peptide substrates at paired basic resi- cipitation. The precipitate was dissolved in 8&8mi of OIM 


ammonium acetate buffer (pH 5.5) containing | mM EDTA and 
applied to a column (3 x 140 cm) of Sephacryl S-300 (superfine), 
equilibrated with the same buffer. The enzyme activity was assayed 
as described above and the active fractions eluted in 660-740 ml 


dues, but not at single basic residues, implying it is distinct from 
trypsin-like proteases. Its unique substrate specificity suggests 
the enzyme may be involved in propheromone processing in vivo. 


Proteolytic activity specific to consecutive basic residues was were pooled and dialysed against 5 mM Tris-HCl! buffer, pH 8.0. 
monitored in lysates of yeast S. sail evisiae a-cells by measuring The dialysate was subjected to FPLC using an anion-exchange 
in a sensitive radioimmunoassay’ the amount of Tyr-Gly-Gly- Mono Q column (0.5 x5 cm, Pharmacia). Elution was carried out 

~~ Phe-Leu- Arg ({LeuJenkephalin-Arg) released from the syn- with a linear gradient from 0 to 0.125 M NaCl in 5mM Tris-HCl 
thetic C-terminally a-amidated peptide Tyr-Gly-Gly-Phe- buffer (pH 8.0). The main active fractions were collected and. 






Leu-Arg-Arg-Phe-Ala- NH. ({Leu]jenkephalin-Arg-Arg-Phe-Ala- diluted with $ vols of distilled water and rechromatographed in 
NH). Since the ań tiserum used in the radioimmu noassay was the same conditions as described above. The effluent was monitored 
_. directed against the C- terminus of [LeuJenkephalin- Arg, neither by eneotpence at aar ong pacers OL Pu wets covers ees 


flow rate of 1.0 ml min™', Aliquots (0.2 p1) of each fraction were 
the substrate nor its- ‘fragmented peptides other than assayed by 2h of incubation with O.l nmol of substrate 


 [Leu]enkephalin-Arg showed immunoreactivity’. ({LeuJenkephalin-Arg-Arg-Phe-Ala-NH) in 100 pl of 0.1 M Tris- 
The soluble fraction. of the yeast lysates was. chromatographed HC! buffer, pH 7.4 (--@--@--@--). The active fraction (marked with 


f ona column of DEAE- eee A-25. The enzyme activity bar) was collected and used as the purified enzyme. 




















oes Fig? 2 a, , aDepoheslande gelelec- gq 1 2 
3 “trophoresis analyses of the purified 
enzyme in the absence (lane 1) or the 
presence (lane 2) of the reducing 
reagent. The purified enzyme obtained 
m Mono Q chromatography in Fig. 
b was loaded on 2.0-mm slab gel using 
a 15% polyacrylamide gel and a dis- 
continuous buffer system’*. Proteins — 
were analysed using silver stain | 
method (Bio Rad). Lane 1, 100 ng of 
the unreduced enzyme. Lane 2,100ng © 
of the reduced enzyme, treated with 
5% 2-mercaptoethanol at 100°C for | 
3 min before application to the gel. The 
Ry positions of molecular weight stan- 
dards (bovine serum albumin, MW | 
68,000; ovalbumin, MW 43,000; soy- _ 
bean trypsin inhibitor, MW 21,500: 
cytochrome c, MW 14,000) are indi- 
cated at the right. b, Reverse-phase 
HPLC analysis of the purified enzyme. 
One eighth of the purified enzyme 
obtained from Mono Q chromatogra- 
phy in Fig. 1b was analysed by reverse- 





roducing [LeuJenkephalin-Arg from the substrate was found 
in fractions 31-38, which were well separated from other proteins 
(Fig. 1a). The active portion was further purified by gel-filtration 
on a Sephacryl S-300 column, followed by ion-exchange fast 
protein liquid chromatography (FPLC) on a Mono Q column 
and finally a second FPLC on the same column (Fig. 1b), which 
resolved the enzyme activity as a single protein peak. The 
purified enzyme was verified to be homogeneous on SDS- polya- 
crylamide gel elec resis both in the absence and in the 
presence of 5% 2-mercaptoethanol (Fig. 2a), from which we 





conclude it consists of a single polypeptide chain with a MW 


of about 43,000, and by analysis on reverse-phase HPLC (Fig. 
2b). Although HPLC resulted in a marked decrease of enzyme 
activity, an appreciable amount of enzyme activity (indicated 
by bar) was detected only at the position of a single symmetrical 
protein peak. Starting with 45 g of yeast a-cells, the procedure 
yielded about 0.1 mg of purified enzyme. 


HPLC of reaction products from [LeuJenkephalin-Arg-Arg- . 


he-Ala-NH, after 2 h of incubation with the purified enzyme 
at 37°C resolved three peptide peaks (1-3), which, on the basis 
of amino acid analyses and comparison of retention time on 
HPLC with authentic peptides, have been identified as Arg-Phe- 
Ala-NH, (peak 1), Tyr-Gly Gly-Phe-Leu- -Arg (peak 2) and the 
starting Tyr-Gly-Gly-Phe-Le: rg-Arg-Phe-Ala-NH, (peak 3). 
The stoichiometric recovery of reaction products (peak 1, 
3.6. nmol) suggests that the enzyme exclusively 
tg bond of the substrate. To characterize 
ity of the enzyme, various peptides were 
nd the resultant mixtures analysed on 
We found the enzyme converts [Leu- 
-Ala-NH, to [LeuJenkephalin-Lys and 
ujenkephalin-Arg-Lys-Tyr-Pro-NH, 
Lys-Tyr-Pro-NH,, by cleaving the 
_Lys-Arg bond and “ys bond respectively (Fig. 3b, c). 
It catalysed the hyd 'X—Y peptide bonds (X, Y: basic 
residues) of various. peptide examined, but peptides containing 
a single basic residue in the molecule, such as [LeuJenkephalin- 
Arg-NH)>, [Met]enkephalin-Arg-Phe-NH, (Fig. 3d) and 
{Met]enkephalin-Arg-Gly-Leu, were. resistant to the action of 
the enzyme. Furthermore, typical substrates for trypsin, such as 
syl-L-arginine methyl ester (Tos-Arg-OMe; concentration 
04 mM}? and benzoyl- -L-arginine 4-methyl- -coumaryl- 7-amide 
(Bz-Arg-MCA; 50 uM}, were not affected by the enzyme. When 
rimorphin, which has both consecutive basic residues 
(-Arg-Arg-) and a solitary basic residue (-Lys-) in the molecule’? 
was examined as a substrate, only the Arg-Arg peptide bond 
was split by the enzyme (Fig: 3e, Table 1). These results strongly 
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phase HPLC on a column (0.4 x 25 cm) of TSK LS-410 ODS-SIL (Tayosoda). Elution was carried out with a linear gradient (24 min) of CG,;CN 
concentration from 24 to 60% in 0.1% trifluoroacetate solution. Flow rate was 2 ml min” 


' The effluent was monitored by absorbance at 210 nm. 


suggest that the enzyme is an endopeptidase, which specifically _ 
attacks the peptide bond between consecutive basic residues. 
Thus its action is distinct from that of trypsin. | 
The kinetic constants for [LeuJenkephalin- -Arg- Arg-Phe- 
Ala-NH, and [Leu]enkephalin-Lys-Arg-Phe- -Ala-NH, were 
determined from Lineweaver—Burk plots with substrate con- oe 
centrations varying from 0.2 to 1.6 mM. Each substrate was ~ 
incubated with the enzyme ([E]= 1.09 x 107% M) for 10 min at 
37°C in 100 wl of Tris-HCl] buffer, pH 7.4. The reaction was 
stopped by the addition of 100 wl of 1 M HCI and the amounts 
of Arg-Phe-Ala-NH, released were analysed by amino acid 
analyses after separating the peptides on reverse-phase. HPLC. 
The apparent Km and k.a values thus determined were 0. 588m} 
and 6.828"! for [LeuJenkephalin-Arg-Arg-Phe-Ala- -NH; 
0.329mM and 2.52s7' for [LeuJenkephalin- Lys-Arg-Phe 
NH, respectively. i 
The effects of pH and various inhibitors on the activity 
enzyme were examined, using [Leu]enkephalin-Arg-A: 'g-Ph 
Ala-NH, as a substrate. The optimal pH for enzyme ac 
was around 7.5, with considerable activity being observed 
the wide pH range 5-10. The enzyme was completely inhibi 
by serine-protease inhibitors such as phenylmethylsulpho 
fluoride and diisopropyl fluorophosphate at concentrations 
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_ by arrows 
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Peptides hydrolysed by the enzyme: 


Table 1 


Tyr-Gly-Gly-Phe-Leu-A ArgtArg - Phe-Ala- NH 
Tyr-Gly-Gly-Phe-Leu PE O Phe- Ala- “NH 
Tyr-Gly-Gly-Phe-Leu-A Arg Lys-Tyr- Pro-NHy (B- -neoendorphin- -NH,) 
Tyr-Cily-Gly-Phe-Leu-ArglArite | -(PH-8P) 


Asp-Tyt-Gin-LystArg-Tyr-Gly-Gly-Phe-Leu 





Tyr-Gly-Gly-Phe-Leu- Arg Arg -Gln-Phe-Lys-Val-Val-Thr (rimorphin) 

Peptides not hydrolysed by the enzyme: 
Tyr-Gly-Gly-Phe-Leu-Arg, Tyr-Gly-Gly-Phe-Leu-Lys, 
Tyr-Gly-Gly-Phe-Leu-Arg-NH,, Tyr- Gly-Gly-Phe- Met-Arg-Phe, 
Tyr-Gly-Gly-Phe-Met-Arg-Phe-NH, Tyr-Gly-Gly- Phe-Met-Ar 


Arg-Gly-Leu, 
Tos-Arg-OMe(TAME), Bz-Arg-MCA 


Each peptide (~4 nmol) was incubated with the enzyme in the same conditions. 


as described in Fig. 3 legend. Reaction mixtures were analysed on reverse-phase 
- HPLC and the resultant peptide peaks identified by amino acid analyses. Basic 


amino acid residues are underlined. 


34 nmol); 9, Tyr-Gly-Gly-Phe-Leu- “Arg-Lys-Tyr-Pro-NH, (0.3 
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Fig. 3 HPLC patterns of the reaction products from 
{Leu]lenkephalin-Arg-Arg-Phe-Ala-NH, (A), [LeuJenkephalin- 


Lys-Arg-Phe-Ala-NH, (B), [Leulenkephalin-Arg-Lys-Tyr-Pro- . 


NH, (C), [Met]enkephalin- -Arg-Phe-NH, (D) and rimorphin (E), 
obtained by incubation with the purified enzyme. Approximately 
4nmol of the substrate peptides were incubated at 37°C for 2h 
with 0.1 pg of the purified enzyme in 100 yl of Tris-HCI buffer, 
pH 7.4. After the reaction was stopped by the addition of 20 yl of 
1M HCI, the solution was directly applied to a column of TSK 
LS-410 ODS-SIL (0.4 x 25 em). Elution was carried out with a linear 
gradient (80 min) of CH,;CN concentration from 0 to 60% in 0.1% 
trifluoroacetate solution. Flow rate was 2 ml min`’. The effluent 
was monitored by absorbance at 210 nm. The respective peptide 
peaks were collected, hydrolysed with 6 M HCI at 110°C for 22 h, 
and analysed on an amino acid analyser (Hitachi 835). Based on 
amino acid composition and comparison of retention time with 
authentic peptides, the peptide peaks were identified as follows 
(yields of the peptides are designated im parentheses). A: 1, Arg- 
Phe- Ala-NH, (3.7 nmol); 2, Tyr-Gly- Gly-Phe-Leu- -Arg (3.6 nmol): 
3, Tyr-Gly-Gly-Phe-Leu-Arg- See (0.7 nmol). B: 4, 
Arg-Phe-Ala-NH, (3.1 nmol); $, Tyr-Gly-Gly-Phe-Leu-Lys (2.9 
nmol); 6, Tyt-Gly-Gly-Phe-Leu-Lys-Arg-Phe-Ala-NH, (1.4 nmol). 
C: Lys-Tyr-Pro-NH; (3.5 nmol); 8, Tyr-Gly-Gly-Phe-Leu-Arg 


nmol). D: 10, Tyr-Gly-Gly-Phe-Met-Arg-Phe-NH, 3.9 nmol). E: 
WL, Arg-Gin-Phe-Lys-Val-Val-Thr ( 
 -Leu-Arg (0.98 nmol); 1 
‘Lys-Val-Val-Thr (2.7 nmol). T ni 
EAR are indicated by arrows: a, , Phe- ‘Ala- ENH, b, ane Phe- 
N e-Ala- cd, T EE “Lye Ar é 


NATURE, VOL. 309 a JUNE ios i 


masetan n aaoi iaae maiia kia aa a arainn ne AA ene pesennmnatinaiertrnanoecnnntnimab trata 


2x10 M, Thiol- „protease iithibitórs, such as monoiodoacetate, 
and p-chloromercuribenzoic acid and metal chelators, such as 
EDTA and 1,10-phenanthroline at 107° M, had no effect on 
enzyme activity. The enzyme can therefore be classified as a 

serine protease. However, its resistance to the general tr 
inhibitors tosyl-L-lysine chloromethyl ketone (10° M) ank 


leupeptin (10°* M) indicate that it is distinct from pancreatic 


trypsin and other related proteases. The recognition mechanism 
of paired basic residues exhibited by the enzyme was very 
different from that exhibited by trypsin. 

The enzyme described here appears to be a unique and novel 
endoprotease, showing a substrate specificity and an inhibitor 
spectrum different from other putative prohormone- processing 
enzymes''"'®, The strict substrate specificity of the enzyme 
towards paired basic residues indicates that the enzyme may be 
physiologically involved in the essential function of pro- 
pheromone processing. Further investigation is necessary to 
demonstrate whether the cleavage at the peptide bond between 
the paired basic residues generally occurs as the initial pro- 
teolytic event in prohormone-processing in tissues. 

We thank Dr T. Tanaka for supplying yeast a-cells, Dr K. 
Kangawa for valuable comments, and Mrs M. Irikura and T. 
Hatoh for technical assistance. The’ investigation was supported 
in part by research grant from the Ministry of Education, Science: 
and Culture of Japan. 
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The sliding-tubule hypothesis of flagellar movement has strong 
experimental support’, but our present knowledge of the mechan- 
ism by which this sliding is coordinated and converted into flagellar 
oscillation and bend propagation is quite limited. Among the few 
facts known are: (1) calcium has a role in regulating the asymmetry 
of fiagellar waveform”, (2) the initiation or activation of motility 
in spermatozoa from several species involves a cyclic AMP-depen- 
dent pagea reaction“ 7, and ©) the conversion bid tubule DE 


H al); | 12, Tye Gly iy Phe. eo 
i -Gln-Phe- 


metry of flagellar waveform, rather than towards apapa ATPase 











Sperm from the sea urchin, Tripneustes gratilla, were demem- 
iated in the presence of Ca?* (refs 2,3) and reactivated at 
2—23 °C (Fig. 1). In these conditions the waveforms of the sperm 
flagella are nearly symmetrical when they are reactivated with 
Mg-ATP*” at low (<10 M) Ca** concentration, becoming 
asymmetrical only at higher Ca** concentrations. In the reac- 
tivating solution used here, the Mg-ATP?~ concentration is 
0.5 mM, free Mg’* is 0.1 mM (ref. 10), and the sperm flagella 
beat at a frequency of 26.0+ 1.1 Hz (average of six preparations, 
69 sperm). Addition of 6~8 mM Li acetate caused abrupt and 
complete cessation of movement, with the majority of the flagella 
<- assuming a straight or almost straight configuration. Dilution 
of these immobilized sperm 100-fold into fresh reactivating 
solution without Li* immediately restored movement in all of 
‘the sperm, with the flagellar beat frequencies and waveforms 
being indistinguishable from those in the starting preparation. 
A few experiments were also performed with sperm prepared 
by demembranation in a solution containing 2mM EGTA and 
no added Ca** (refs 2, 3). When these sperm were reactivated 
with 0.5mM Mg-ATP*~, their flagellar waveforms were 
markedly asymmetrical, even in reactivating solution with a low 
concentration of Ca** (<107* M), and addition of 0.1 mM Ca2* 
induced quiescence, with the sperm flagella assuming a station- 
ary, sharply bent cane-shape*. Addition of Li* to such prepara- 
tions at low Ca** concentration inhibits the motility similarly 
to that of sperm demembranated in the presence of Ca? “except 
that instead of being nearly straight, the immobilized flagella 
are bent into cane-shapes resembling the quiescent form pro- 
duced by Ca** (refs 3, 11). Addition of 5 mM LiCl to live sperm 
swimming in seawater had no noticeable effect on motility 
parameters, but 55mM LiCl increased waveform asymmetry 
significantly and decreased longevity. 

The standard reactivating solution for this work contained 
less Mg** than in our earlier studies because free Mg*~ seems 
to compete with Li*. Thus, while 6 mM Li* was sufficient to 
inhibit the sperm in the presence of 0.1 mM free Mg**, as much 
as 20 mM Li” was needed at 3 mM free Mg**. Moreover, addi- 
tion of either 3 mM Mg** or 6mM Ca**, to sperm inhibited 
initially by 6 mM Li* at 0.1 mM free Mg*’, induced the resump- 
tion of motility in >90% of the sperm. 

Li” at concentrations lower than are needed to completely 
stop the reactivated movement cause a decrease in flagellar beat 
frequency (Fig. 1). As the Li* concentration is increased, a 
substantial increase in the asymmetry of the bending waves is 
observed, and a progressively greater percentage of the sperm 
become non-motile. Although it becomes difficult to strobe the 
highly asymmetric sperm flagella above 4mM Li", it appears 
that none beat at frequencies lower than ~17 Hz, corresponding 
to 65% of. ninhibited value. 
_ The demembranated sperm can be desensitized to the 
inhibitory effects of Li* by brief digestion with trypsin at a 
trypsin/sperm protein ratio of ~1: 10. Addition of 0.2 pg tryp- 
sin ml~' to the reactivating solution containing sperm immobil- 
ized with 6-24 mM Li” induced a gradual resumption of flagellar 
beating until after 2-3 min over 90% of the sperm were swim- 
ming vigorously. Their waveforms were symmetric and 
resembled those in un ed control preparations without Li*, 

































me idigest 
but their beat frequency was diminished to an extent that depen- 
--ded-on the Li* concentration (Fig. 2). The rate at which motility 
> was restored by trypsin is approximately the same as the rate 

at which trypsin eliminated the Ca**-induced asymmetry of 
flagellar waveform in a parallel observation dish containing 

mM Ca** and no Li* (ref. 12). | 

Li* is known to inhibit many adenylate cyclases'**, and our 
preliminary experiments have suggested that the cyclase in these 
“sperm is also blocked by Li”. In view of this fact, we investigated 









“the effect of cyclic AMP on Li* inhibition and found that 


addition of 104M cyclic AMP to preparations inhibited by > it inhibits flagellar motility. tS 
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Fig. 1 Decrease in beat frequency (@) and percentage of m 
sperm (©) as a function of Li* concentration. Sperm were di 
branated in a solution containing 0.04% Triton X-100, 4m 
CaCl,, | mM dithiothreitol (DTT), 0.1 mM EGTA and 10 
Tris-HCI, pH 8.0 (potentially symmetrical conditions)’ and 
vated at 21.5 °C in a solution containing 0.2 M K acetate, 0 
EGTA, I mM DTT, 2% polyethylene glycol (molecular w: 
20,000), 0.6 mM MgSO,, 1.0mM ATP, 10mM Tris-HCl, p 
(ref. 22), and the indicated concentration of Li acetate 


6 mM Li” caused a partial reversal of the inhibition. In 
the 21 preparations observed, 30-70% of the sperm 
resumed beating with highly asymmetric waveforms, 
in a few it was as low as 15% or as high as 90%, Th 
frequency in these conditions was 18.4 + 1.4 Hz (4 prep 
54 sperm), significantly lower than that of sperm 
desensitized by trypsin digestion, at this Li* concentra rf 
2). It is unclear what factors influence the degree of | 
obtained with cyclic AMP. Increasing the cyclic AMP cor 
tion to 100 uM had no further effect. However, increas 
Li” concentration to 16mM always resulted in a sub 
decrease in the extent of reversal obtained with cyclic 
although it did not affect the extent of reversal obt 
dilution; in one such experiment, 25-30% of the sperm 
swimming in 8 mM Li* after addition of 104M cyel 
whereas only 0-5% regained motility in 16 mM Li*. Addi 
of 10 gM cyclic GMP instead of cyclic AMP did not re’ 
the Li” inhibition. Also, addition of 10 pM cyclic AMP to contro 
sperm reactivated without Li* had no noticeable effect on eitt 
the waveforms or frequency in the conditions tested. -o 

To determine whether motility depends on the continuin 
synthesis of cyclic AMP by adenylate cyclase in normal prepa; 
tions and whether the inhibition of motility by Li* is link 
inhibition of this activity, we replaced the ATP in our rez 
ing solution with analogues lacking a 3'-hydroxyl grot 
cannot serve as substrates for adenylate cyclase. Both. 
ATP and 2’,3'-dideoxy ATP (at 1.0 mM) induce flagella 
at about 13 Hz and 9 Hz, respectively, with wavefor ni 
longevity very similar to those obtained with ATP. Moreo 
this reactivated motility is inhibited by Li*, although concen 
tions of 10-20 mM are required, suggesting that the affinity. 
these analogues for Mg”*, Li*, or for dynein ATPase is differen 
from that of ATP. It seems, therefore, that while Li* may block 
adenylate cyclase activity, this is not the mechanism by which 
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_ Fig. 2 Decrease in beat frequency as a function of Li* concentra- 
‘tion of sperm restored to motility by trypsin digestion. Sperm were 
‘demembranated and reactivated as described in Fig. | legend, then 
inhibited by addition of Li* from 0 to 24 mM, followed by addition 
-of 0.2 ng mi”! trypsin. Beat frequencies were read ~2~3 min later, 
-when the flagellar beating most closely resembled that of normal 
“waves. Beyond this period, the movement began to deteriorate 
| until finally the sperm stopped at ~5 min. 


ur overall data thus favour a mechanism in which cyclic 
MP increases the threshold concentration for Li” inhibition 
motility, possibly through changing the activation level of 
ie flagellum, while having little effect on the concomitant 
\*-induced reduction in beat frequency and increase in 
aveform asymmetry. 

Further experiments were designed to test whether Li* inhibits 
ynein arm cross-bridge cycling or ATPase activity. First, we 
vestigated the effect of Li* on sperm flagella set into rigor 
bends in reactivating solution lacking ATP'*, and found that 
the presence of Li* up to 80 mM did not block the straightening 
f rigor waves that occurred on subsequent addition of | mM 
TP. Second, we measured the effect of Li* on the rate of 
ydrolysis of Mg-ATP™ by solubilized latent activity dynein 1, 
nd found that it decreased by only 15% in the presence of 
-64mM Li acetate. On the other hand, the rates of Mg-ATP*~ 
ydrolysis for motile and non-motile (homogenized) pre- 
arations of reactivated sperm'® were decreased from 0.14 + 0.01 
nd 0.035 + 0.005 jxmole P; per min mg protein, respectively, to 
017+ 0.003 and 0.013 + 0.004 umol P, per min mg protein in 
ie presence of 10 mM Li” in 0.2M K acetate at pH 8.2. The 
i*-induced decrease in ATPase activity of motile sperm pre- 
arations presumably reflects a loss of movement-coupled 
.TPase activity resulting directly from immobilization of the 
perm flagella. 

-Our results indicate Li* does not inhibit dynein arm cycling 
er se, but rather interacts with a regulatory mechanism—this 
s shown most clearly by the fact that brief digestion desensitizes 
the reactivated sperm to inhibition by Li*. As low concentrations 
of Li* mimic the effects of Ca?“ in inducing asymmetrical beating 
and quiescent-shaped waveforms, it seems likely that at least 
one of the regulatory sites concerned is that which normally 
modulates the Ca**-dependent asymmetry of flagellar 
‘waveform. Besides Ca** (ref. 3) and Li*, the only agents known 
to inhibit flagellar motility without inhibiting dynein arm cycling 
activity are CO, (ref. 17) and low pH'*. The targets for these 
gents are unknown, but CO, appears to act through an ampli- 
ude-regulating mechanism. 

. The depression of beat frequency (0-13%) that follows 
sensitization by trypsin in Li’ concentrations ranging from 0 
4 mM probably results from a decreased Mg-ATP* con- 
ration as a consequence of the formation of Li-ATP?~. We 
ulate that with 6 mM Li” added to.our reactivating solution, 
concentrations of Mg- -ATP™ and LIi-ATP™ become 0.45 
40.14 mM, respectively , and by direct measurement we have 














significant rate. However, our Preen data do 






und that Li-ATP*” is not hydrolysed by soluble dynein Lat - 


rt low us sto. i studies with ‘permeabilized : pancreatic acinar celts” 





trypsin- Paa sperm. The a competition: off ree Mg 
or Ca’* with Li” could be due to competition for comp exi 
with ATP. However, because many of its effects resemble- 
of Ca’*, we postulate that Li” may be acting as an analogue oF 
Ca** at a regulatory site that binds Ca?” at elevated Ca°* 
concentrations, and Mg’* at low Ca’* concentration’. Okun 
and Brokaw reported similar difficulty in determining. whether . 
Ca?* or Ca-ATP* interacts with the axoneme to induce either 
asymmetrical beating, or non-oscillatory beating in the presence 
of vanadate”! 

Our work suggests that further study of the effects of Li* on 
cyclic AMP- and Ca’**-dependent regulatory steps may have 
broad usefulness in unravelling the complex interactions in- 
volved in the control of flagellar motility and other cellular 
functions. 

We thank Dr Mary E. Porter for valuable discussions. This 
research was supported by NIH grant HD 06565. 
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Several hormones and neurotransmitters raise the cytosolic free 
Ca** concentration by stimulating the influx of Ca** and/or by 
mobilizing stored Ca** (refs 1, 2). However, the link between the 
agonist receptor on the cell surface and the organelle(s) from 
which Ca?* is mobilized is unknown. One feature of the agonists | 
that increase cytosolic Ca’* is their rapid induction of phosphatidy- 
linositol turnover’* and polyphosphoinositide hydrolysis”; in.) 
some tissues this leads, within seconds, to a marked accumulation ; 

of the water-soluble products, inositol 1,4-bisphosphate (Ins1,4P;) _ 
and inositol-1 .4,5-trisphosphate (ins1,4,5P,)'>"*, suggesting that 
these might mediate Ca** mobilization from internal pools'” 
Such an action of Inst ASP, has. recently been inferred fro 









Here we show directly that Ins1,4,5P, said 






ases Ca?* from a microsomal fraction of rat insulinoma but 
-from mitochondria or secretory granules. Moreover, this 
esponse is transient and desensitizes the microsomes to subsequent 
ins1,4,5P, additions. These results suggest that Ins1,4,5P, func- 
fins as a cellular messenger inducing early mobilization of Ca2* 
rom the endoplasmic reticulum. 

The ambient free Ca** concentration, [Ca?*], of the incuba- 













tion medium maintained by the microsomes was determined | 


using a Ca’*-specific minielectrode?. We determined the 
specific activities of the apparent net Ca’* uptake and of marker 
enzymes in four fractions obtained after centrifugation of the 
resuspended microsomes on a sucrose density gradient. Ca** 
transport activity correlated strongly with the endoplasmic 
reticulum enzyme marker but not with the plasma membrane 
marker (Fig. 1). This demonstrates that the high Ca’* transport- 
eee. ing activity of the insulinoma microsomes is localized mainly 
in the endoplasmic reticulum. As the experiments shown in Fig. 
- F required long preparation times and such a large number of 
_ insulinomas, all subsequent work was carried out on the original 
microsomal fraction. 
Figure 2a shows that insulinoma microsomes lowered the 
ambient free Ca** from ~1.5 uM to ~0.1 pM. At this point a 
E pulse addition of Ins1,4,5P, resulted within 20s in an increase 
cin medium free Ca" t to ~0.25 uM, followed by a decrease, 
representing Ca** re-uptake. Interestingly, a second addition of 
Ins1,4,5P, produced only a very small increase in [Ca**], indicat- 
ing that the i increase in [Ca**] after the first Ins1,4,5P, addition 
was not due to Ca** contamination of the compound. When a 
smaller, first pulse addition of Ins1,4,5P; was made, producing 
only a modest transient increase in medium [Ca? at a second 
addition of Ins1,4 SP3, even at a maximal concentration, elicited 
only a very small Ca** response (Fig. 2b). Similar observations 
were made whether the second addition occurred immediately 
_ after the first one or 40min later. The reason for this 
< phenomenon is unknown; it could conceivably reflect the pro- 
cess of densensitization, which is a feature of Ca**-mobilizing 
agonists”. Alternatively, during the first stimulation, an 
Ins1,4,5P,-sensitive vesicle population released Ca** which was 
sequestered by a separate population insensitive to the action 
of Insi,4,5P,. A third possibility is that it was caused by a rapid 
degradation of Ins1,4,5P, and/or the appearance of degradation 
products of Ins1,4,5P,. Experiments were done to explore this 
latter hypothesis. When microsomes were incubated in the pres- 
nce of 94M Ins1,4,5 [4,5--°P]P, (prepared and analysed as 
‘described previously'® **), 85+ 7% (n = 3) of the label remained 
after 10 min, indicating that degradation was too slow to account 
= for desensitization. Furthermore, the degradation products of 
. -Ins1,4,5P;, that is, Ins1,4P,, Ins!P and myo-inositol, all at a 
















concentration of 10 uM, did not desensitize the microsomes to 


a subsequent Ins1,4,5P, addition. 
The half-maximal effective concentration of Ins1,4,5P,; was 
344M and the maximal concentration was ~10 uM (Fig. 3). 
These values are. somewhat higher than those reported for per- 
meabilized pancreatic’? and liver cells?°?!, The ability to mobil- 
ize Ca’* seems to be specific for the trisphosphate derivative 
because there was no release of Ca** on addition of Ins1,4P, 
(prepared as described previously'”**), Ins1P or myo-inositol, 
all tested at 10 uM (data not shown), 
To test the organelle. specificity of the response, insulinoma 
mitochondria were incubated in conditions similar to the micro- 
some. The mitochondria buffered the ambient [Ca?*] to 
< ~0.9 4M7. Insi,4,5P, did not induce Ca2* release nor did it 

change the extramitochondrial Ca’* steady state. Ins1,4 „SP, was 

not tested at a very low Ca** concentration (0.1 uM) as this 
auses Ca** depletion of the mitochondria. Secretory granules 
vere unable either to lower the medium [Ca?*] or to take up a 
ulse addition of Ca**. Furthermore, of the large amount of 
=> Ca?* that the secretory granules were found to contain on 
isolation, none was released by Ins1,4 ,9P;. Thus, neither 
insulinoma mitochondria nor SOCIelOry granules appear to ae 
St sitive to Ins1,4,5P3. 
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Fig. 1 Specific activities of MgATP-promoted Ca** ere 
of marker enzymes in four fractions obtained after centrifugati 
of the resuspended microsomal fraction on a discontinuous suc 
density gradient. Ca’* uptake (nmol of Ca?” per min mg. pro 
in the four fractions was measured with the same amount 
material (0.2 mg protein mi~’), as in Fig. 2 legend. The amou 
(nmol) of Ca?* taken up by the four fractions was calculated fre 
the reduction of the ambient free Ca?” concentration ona idi 
of each separate fraction (see also Fig. 2). For NADPH cyto 
c reductase, units are nmol of cytochrome c reduced per min 
protein; for 5'-nucleotidase, units are pmol adenosine formed 
h mg protein. Values are the mean+s.e. of four experime 
Methods: Insulinomas were removed from rats?™?®, then dis: 
and homogenized as described: previously’. Microsot 
obtained from the supernatant following three successive c 
gations: 1,500g for 5min, 9,800g— for 10 min, and 24, i 
20 min. The resulting supernatant was centrifuged at 100,00 
60 min to obtain a microsomal pellet. This fraction was ni 
in NADPH cytochrome c reductase by 2.6-fold compares 
homogenate, 3.6-fold in 5’-nucleotidase, 0.01-fold in cytochr 
c oxidase and 1|.3-fold in immunoreactive insulin, the re 
markers of endoplasmic reticulum, plasma membrane, mitocl 
dria and secretory granules plus reticular structures. The mi 
somal pellet was gently washed (without disturbing the pell 
times with medium containing 0.25 M sucrose, 5 mM HEPES 
7.0 (sucrose medium) and resuspended in 0.1 ml of the suc 
medium, kept on ice and used immediately for Ca** tr 
experiments. In a separate, series of experiments, resuspe ng 
microsomes were layered onto the surface of a discontim 
sucrose density gradient (1.5 ml of the densities 1.10, 1.14; 1.16. 
1.20) and centrifuged at 150,000g for 90 min. Four discrete bands : 
observed at the density interfaces were collected for protein, Catt: 
flux and enzyme marker determinations. These fractions were” 
numbered 1-4 in order of increasing density (F,-—F,). For the” 
isolation of insulin secretory granules, the postnuclear supernatant _ 
was centrifuged at 23,700g for 15 min. The resultant pellet was 
resuspended, layered and centrifuged on a 30% Percoll gradient 
as described previously’. As the bottom of the gradient (see ref. 
22) contained mainly insulin secretory granules, this fraction alone 
was collected. The final secretory granule pellet was obtained a 
three successive washings in sucrose medium at 23,700g for.15 mi 
The secretory granule fraction was enriched compared. wi 
homogenate 11.2-fold in insulin, 1.1-fold in cytochrome c oxida 
and 0.3-fold in NADPH cytochrome c reductase. Cytochrome c 
oxidase was assayed according to ref. 29; NADPH cytochrome « 
reductase was measured as described previously’; and 5’- 
nucleotidase was measured by the technique of Avruch and 
Wallach*'. Immunoreactive insulin was assayed according to a 
method described previously, using rat insulin as standard**. Pro- 
teins were determined by the Coomassie blue method using a 
yömmerci I kit (Bio- i 


























tratio ‘maintained by insulinoma micro- 

effect. of Ins1,4,5P,. Microsomes were 
cubated at 30°C, pH 7.0 in 200 pi of a buffer 
ntaining 110mM KCl, 2mM_ KH,PO,, 
mM HEPES, 1 mM MgCl, I mM MgATP, 
mM creatine phosphate, 50 ug ml™' creatine 
“kinase, 0.2 uM antimycin and 0.5 mg ml” of 








[ca*](yM) 











“bovine serum albumin, with continuous stirring. we 
“The medium {Ca?*] was continuously recorded 
with a Ca**-selective minielectrode made and 
‘calibrated as described previously’. Where i arin 







indicated, microsomes (0.75 mg protein ml” t5, 
-Inst,4,5P, or CaCl, (nmol per 200 pl) (in the 
“amounts indicated) were added to the medium. 
Within lOmin, microsomes lowered the 
extramicrosomal ambient free Ca** concentra- 
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at least eight times. 


Three lines of evidence suggest that Ins1,4,5P; induces Ca** 
ase from the endoplasmic reticulum and not from plasma 
mbrane vesicles contaminating ' the microsomal fraction. First, 
insulinoma microsomal Ca’* uptake correlated well with 
“endoplasmic reticulum enzyme marker, but not at all with 
e plasma membrane marker. Second, the amount of Ca** 
sleased by Ins1,4,5P, (10 pM) was 6.1 + 0.2 nmol per mg protein 
mean + s.e. of six separate experiments). This is a considerable 
mount of Ca’ —for comparison, most tissues, including pan- 
reatic islets'*, have a total calcium content of ~20 nmol per 
ng protein. The Ca?" i is, therefore, unlikely to originate quantita- 
vely from contaminating plasma membrane vesicles, in a tissue 
hat is particularly rich in reticular structures such as insulinoma 
ells. Third, Ins1,4,5P, mobilizes Ca** in permeabilized pan- 
reatic acinar and liver cells | in which the plasma membrane 
hould not function as a Ca’*-storing organelle". However, 
he possibility that Insi ,4,5P, could induce in intact cells an 
nflux of external Ca** should not be precluded. 

` Agonist-induced rises in intracellular free [Ca’*] have been 
niversally associated with an enhancement of both phos- 
hatidylinositol turnover and polyphosphoinositide nyore 
is™'", More recent observations of a resultant, rapid, Ca** 
independent generation of water-soluble inositol aN 
have led to the hypothesis that these compounds could act as 
ntracellular messengers mobilizing cellular Ca?* stores'™?*. This 
ypothesis is substantiated and extended by the present report. 
We have shown that Ins1,4,5P;, at concentrations which are 
hought to occur in cells, can increase, within 20s, the 
xtramicrosomal concentration of Ca°* from 0.1 pM to =D. 2- 
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ig 3 Dose-response of Ins1,4,5P,-induced Ça?* release.. “Pulse 
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< tion to ~0.1 uM; they were not easily saturated with Ca?* as they could rapidly take up several sequential pulse additions (5 nmol per mg 
- protein) of Ca?*. The Ca?” accumulated could be rapidly released by adding the Ca** ionophore A23187 (1 pg mi™*) or by lowering the ATP 
‘present in the medium by the addition of glucose (5 mM) plus hexokinase (20 U mI” 5, indicating | that Ca** 
‘elements in a MgATP-dependent manner (not shown). If microsomes were preincubated with the Ca** 
of Ca?*, the addition of Ins1,4,5P, produced only a very small increase in medium [Ca**]. This amount of Ca** 
increase i in [Ca?*] when Ins1,4,5P, was added to the incubation buffer alone; it averaged ~5—10% of the effect shown in a and was accounted 
_for in the subsequent calculation. Ins1,4,5P, was obtained by alkaline hydrolysis of ox brain phosphatidylinositol-4,5-bisphosphate, followed 
“by preparative paper chromatography (R.F.I. and M.J.B., in preparation). The figure shows representative experiments ce were repeated 


js accumulated into vesicular 
ionophore « A23187 to empty the vesicles 
corresponded to a similar 





0.3 uM, corresponding respectively to basal or stimulated condi- 
tions in a variety of tissues***°. The results of the present study 
strongly suggest a specific role for Ins1,4,5P, as a cellular — 
messenger inducing Ca** release from the endoplasmic | 
reticulum. ee 
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biological development of our rational equipment. Knowledge 
can be acquired both through the evolutionary process and by 
the individual, and this enables us to assess in what respect 
human reason can be unreasonable. 

in studying the phylogenetic history of reason and the way in 
which reason functions in the acquisition of knowledge, we can 
see through opposing philosophical doctrines such as empiric- 
ism and rationalism, or materialism and idealism. Moreover, 
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Nuclear Power Technology (in three volumes). Edited by W. Marshall. 
Oxford University Press: 1984. Vol.1 Reactor Technology, pp.503; Vol.2 Fuel Cycle, 
pp.456; Vol.3 Nuclear Radiation, pp.363. Each volume £35, $65. 





WITHIN this work is an honest tale, plainly 
told. Therein lies both its strength and 
weakness. Its strength is that of the scien- 
tific tradition for unvarnished presenta- 
tions of facts, letting them speak for them- 
selves uncoloured by rhetoric, unstrained 
by advocacy, unheated by passion, unbias- 
ed by prejudice. For those raised in the 
scientific culture this is the natural, indeed 
the inevitable, mode of expression; the 
anvil on which every scientific deduction 
can be mounted and exposed to the ham- 
eg of critical analysis. Its weakness is that 

he scientific culture is a minority one. The 
great world which fashions public opinion 
— the world of hyperbole and shock- 
horror, of the self-inflated politician, bom- 
bastic trades union leader, committed jour- 
nalist, trendy teleperson — resonates to a 
different sound. The anti-nuclear lobby 
know this full well. They are at home in this 
world and play its tunes as captivatingly as 
any Pied Piper. 

Thus there is the extraordinary position 
today — nearly a third of a century after 
Calder Hall first brought nuclear electricity 
to Britain, a period in which the nuclear in- 
dustry has gained a brilliant achievement in 
supplying cheap power, reliably and safely 
— that the nuclear industry is on the defen- 
sive, trying to justify itself to the general 
public in the only way it knows, with the 

uiet voice of scientific reason. For, as Sir 
Walter Marshall says in his preface to the 
three volumes, the aim was to prepare a 
work on nuclear power orientated towards 
increasing public knowledge and for the 
public interest. The project was conceived 
at a time when the United Kingdom Atomic 
Energy Authority, of which the then Dr 
Walter Marshall was Chairman, was ap- 
proaching its twenty-fifth anniversary (in 
1979). This event could have justified a 
little trumpet-blowing, but instead the 
decision was to review the state of nuclear 
science and technology in the classical 
scientific manner. 

This is done in 24 chapters, each by dif- 
ferent authors who come almost without 
exception from within the UKAEA. Such a 
division of the labours is probably the only 
way to deal comprehensively and authori- 
tatively with such a huge and wide-ranging 
subject. It has of course the usual advan- 

es and disadvantages. On the merit side 
‘each individual topic is given a chapter and 
author(s) to itself, and so enjoys a 
reasonably self-contained exposition 
which can be read separately from the rest 
of the contents; against this, there is 
inevitably some repetition of underlying 


points that are common to more than one 
chapter. 

The eight chapters in Vol.1 deal with 
nuclear reactors. After two introductory 
contributions, which outline the underly- 
ing physics and assess the current status of 
thermal and fast reactors — and go 
surprisingly far into the mathematics of 
neutron physics, in a work intended for the 
public — the various main reactor types are 
described, namely gas-cooled, light water, 
fast and heavy water. Two final chapters 
deal with novel reactor concepts, for 
example fluid-fuel reactors, and briefly 
with prospects for fusion power. Volume 2 
covers the various aspects of the fuel cycle 
— occurrence, supply and enrichment of 
uranium, fuel design and fabrication, 
reprocessing, waste management, decom- 
missioning, thorium fuel cycles — in 
similar style. Volume 3, which is perhaps of 
greatest interest to the general public, deals 
with various aspects of nuclear radiation — 
biological, detection, environmental, risk 
assessment, medical radioisotopes. Radio- 
active dating is also covered, although 
surprisingly there is no chapter on the use 
of gamma radiation in industry or on non- 
medical applications of radioisotopes. 

These three volumes give a splendid tour 
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d’horizon of the science and technology of 
nuclear power. Not surprisingly, given 
their provenance, the expositions centre 
round British experience and points of 
view. Nevertheless much of the treatment is 
sufficiently general as to be of interest to 
readers in other nations, especially in 
countries having light-water reactors, for 
these are dealt with almost as fully as gas- 
cooled reactors. The treatment of fast 
reactors is also detailed. Perhaps, if only in 
fairness to the outstanding Canadian 
effort, there might have been a little more 
about the excellent CANDU reactors. 
Finally, however, the questions which 
began this review raise themselves once 
more. I am sure that many people within 
the nuclear industry, as well as some 
scientists and engineers outside it, will read 
these books with both pleasure and profit. 
But will the general public and all those 
publicity-seeking pundits who pronounce 
so readily and volubly on all matters 
nuclear? I doubt it. The first group 
probably does not have the time to digest 
all the facts so fully gathered together here. 
The second bask in their unfettered 
imaginations and have no need of facts. 
The best response I can make to this work is 
to thank the authors for a noble effort, 
which has produced a fine work of science, 
and to tell them that something entirely 
different is needed to win the hearts and 
minds of the great majority in the non- 
scientific culture. o 


Sir Alan Cottrell is Master of Jesus College, 
Cambridge. Among other books he is author of 
How Safe is Nuclear Energy? (Heinemann 
Educational, 1981). 
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Day of confidence — Wednesday 17 October, 1956, and the Queen opens Calder Hall, the first full- 


scale nuclear power station. 
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Hormone balance 
S.J. Simpson 





Endocrinology of Insects. Invertebrate 
“ndocrinology, Vol.1. 


Edited by Roger G.H. Downer and Hans ~ 


Laufer. 
Alan R. Liss/ Wiley: 1984. Pp. 707. 
$199.80, £111. 


ONE of the most daunting tasks in biology 
would be to prepare a volume entitled 
Endocrinology of Insects. So daunting, in 
fact, that until now no one has attempted 
to do more than review selected aspects of 
what is an enormous, complex and rapidly 
expanding field. Downer and Laufer have 
approached the problem of producing a 
detailed, scholarly review of the subject in 
exactly the right, and probably the only 
way: they have asked specialists to cover 
defined ground. 

The resulting volume deals with the 
nature of endocrine glands and neurosecre- 
tory cells; the chemistry and biosynthesis of 
hormones, and their interaction with target 
cells: intracellular second-messengers; the 
physiological role of hormones; myotropic 





New journals review 







On 27 September Nature will publish the 
fourth annual review supplement devoted to 
science journals. 

Criteria for inclusion of a journal in the 1984 
issue are that: 


(i) the first number appeared, or the 
journal was retitled, between June 1982 and 


May 1983 (the second cut-off date allows at least | 


three issues of a journal to have been published, 
the minimum number on which a reasonable 
judgement can be based); 

(ii) it is published at least three times a 
year; 

(iii) the main language used i is: English. 


Publishers and learned. socie! es are invited to | 


send four different issues: of each suitable 


. - _ periodical, including the first and most recent | 
numbers Gf from outside the United Kingdom, 


by air mail) to: The Review Editor, Nature 4 
Little Essex Street, London ` kig 


both: 1984 dad 1985, should be adda. 
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and neurotropic substances; pheromones; 
the relevance of insect hormones in plants; 
and the usefulness of hormones in insect 
control. Inevitably there are omissions, 
and problems of redundancy and lack of 
continuity, but the volume as a whole is a 
success. The differing interpretations and 
standpoints expressed by the contributors 
do, as the editors claim, provide depth and 
balance to the work. 


Endocrinology of Insects is not easy to | 


read; not, in most cases, because the writing 
is unclear, but because the authors have 
done justice to their topics. This approach 
has often precluded the drawing of general- 
izations or syntheses. Even the introduc- 
tory overviews for such sections as ‘‘Regu- 
lation of Metamorphosis’’, ‘‘Regulation of 
[Female] Reproduction” (unfortunately 
male reproduction is not represented) and 
“Metabolic Homeostasis” are, by necess- 
ity, unable to do more than draw together 
information in a superficial sense. In most 
cases, not enough is known to generalize, 
and what is known is often conflicting — 
different species use the same hormone for 
different purposes; different strains of the 
same species, and even a single strain under 
different rearing regimes, give conflicting 
results; it is difficult to distinguish real ef- 
fects from those stemming from dissection 
and bioassay techniques; and there is a 
danger that phenomena are attributed to a 
particular hormone when in fact the hor- 
mone is acting at an earlier stage in a causal 
sequence involving other endocrine and 
neural factors. More aspects of insect en- 


docrinology will, perhaps, soon begin to | 


gel, but the cautious approach of many of 
the contributors is generally justified. 

An unusual aspect of the book is the 
coverage of areas about which virtually 


nothing is known. Thus the section on | 


metabolic homeostasis includes three 
detailed chapters on excretion, on lipid 
metabolism and on carbohydrate 
metabolism, along with a chapter on 
nitrogen metabolism in which the word 
hormone is almost absent. Such a contrast 
emphasizes those areas which are poorly 


understood and puts the better known sub- | 
jects in perspective. The quest for com- | 
pleteness has its drawbacks, however. For | 


example, neurotransmitters, neuro- 


modulators and pheromones differ from | 
hormones in degree rather than kind and | 
the editors have chosen to represent them | 
but briefly — in the case of pheromones, 


too briefly to be of much use. 
I would have liked more thorough cross- 
referencing between chapters, but that 


apart my main worry is that the book istwo | 
| years out of date. Nonetheless, Endo- | 
crinology of Insects is a very important | 


work. An understanding of hormonal 


mechanisms is essential to anyone who | 
studies insect behaviour or physiology, and | 


this book makes a difficult subject access- 
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Screening methods of 
recombination 
E.J. Wood 


The Techniques in Genetic Engineering 
Video Library. TGE 1: Nucleic Acids 
Techniques — An Overview. 

By Stephen D.M. Brown. 

IRL Press: 1984. Formats available; PAL 
in VHS and Betamax, £80, 3160. U-matic 
copies £7.50, $15 extra. Supplementary 
charge for NTSC and SECAM standards 
conversions. 








amrarerrarerreey 


THIS 25-minute videotape is the first of a 
series of eight* which will deal with the 
techniques of genetic engineering. Viewed 
in isolation from the rest of the program- 
mes (which will appear later this year), it 
gives a foretaste of the high quality of pro- 
duction of the series, but tells us less about) 
what can be expected of the content and% 
level of the subsequent tapes. Nor is it yet 
clear how easily a student could proceed 
from instruction of this type to actual work 

in the laboratory. 

The programme starts with a graphic dis- 
play of acomputer-generated DNA double 
helix, the introductory section then featur- 
ing a series of stills during which the voice- 
over talks about the impact of genetic 
engineering and its potential and limita- 
tions. A brief interview with Sir Gordon 
Wolstenholme gives an historical view of 
developments since Watson and Crick, and 
stresses that no one really saw any practical 
uses for the techniques of genetic manipu- 
lation until seven or eight years ago. 

Following on, the fundamental tech- 
niques underlying recombinant DNA. 
technology are explained, namely the useg 
of restriction enzymes, of sticky ends and - 
of ligases. The use of restriction enzymes is 
well illustrated with graphics, although I 
wonder if it is really necessary at this level 
to speak about the different classes of 
restriction enzyme. Analysis by restriction 
mapping is demonstrated, and from this a 
student would readily get a good feel for 
how slabs of agar are used in electrophore- 
sis, blotting and so on. On the whole this 
section is evenly paced, well-explained and 
clearly photographed. 

The next section deals with the cloning of 
. to look at 
. Graphics show the ligation 









a single gene” 


| of a section of ‘‘Shuman’’ DNA into phage 


DNA, reinforcing what had been explained 
in the previous section. However at this 
stage the graphics seem to get out of phase 
with the voice-over: while the latter talks 
about plaques in a lawn of bacteria, tl 
graphics show thousands of virus particles” 









* Titles to follow are Gene Analysis and 
Southern Blotting; DNA Sequencing with M13; 
Gene Libraries; Expression of Cloned Genes; 
Oligonucleotides — Their Use in Gene Cloning; 
Site-Specific Mutagenicity; and Microdissection 
and Microcioning. . | 
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This section of the programme is the most 
uneven — speeding through a number of 
techniques (clone selection, blotting, 
hybridization, DNA sequencing) would 
“syicly leave the student wondering what 
‘the techniques are for and not really know- 
ing how to carry them out. No doubt such 
details come in a later programme, but here 
the producers should have resisted the 
temptation to pack in so much detail. 

The pace then slows down, as cDNA 
cloning is dealt with briefly but adequately, 






but speeds up again as we launch into | 


monoclonal antibodies and start injecting 
things into Xenopus oocytes. Well, it is an 
overview; but again I would have been hap- 
pier had the desire to mention almost every 
technique been stifled. 

The final section largely uses stills with 
voice-over to try to answer the question: 
“Why is industry so interested in all this?’’. 
Topics include improving the quality of 
plant proteins, mineral extraction, ‘‘im- 
“4 proved” bacteria for energy production 
from plant waste and for degrading pollu- 
tants, as well as interferon and insulin pro- 
duction. Much credit is given to genetic 
engineering (at the molecular level) for 
doing, or potentially doing, all of these 
things; but it is, I think, churlish, if not in- 
accurate, to fail to mention that for cen- 
turies plant and animal breeders have been 
messing around with the genetic constitu- 
tions of species in order to “‘improve’’ 
them. 

Also included in the final section is a 
description of how recombinant DNA 
technology may, and indeed is, being used 
in the diagnosis of inherited disease. How 
this is done is very clearly shown including a 
description of the analysis of DNA taken 
from chorionic villi using a DNA probe for 
| prenatal diagnosis of a genetic defect. 

* Overall the programme gives a good 
“indication for what can be done with 
recombinant DNA photography of 
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clear and sti 






tape and contains m of ‘the pay in 
printed form. These diagrams will be useful 
for students when revising the details of the 


techniques. However, while the booklet | 
gives a warning that some of the reagents | 
iused are hazardous, neither tape nor book- | 
i says that you should get the permission | 
of a genetic manipulation committee | 
before proceeding. Perhaps this comes | 


later. el 


E. J. Wood is a Cae beck in ihe Depart- 


menl of Biochemistry, A ii of Leeds. - 
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On ice and climate 


Claus U. Hammer 


The Climatic Record in Polar Ice Sheets. 
Edited by Gordon de Q. Robin. 
Cambridge University Press; 1983. 
Pp.212. £32.50, 359.50. 


GLACIERS move slowly. So, apparently, 


does the publication of monographs on 
polar ice sheets. In The Climatic Record in 
Polar Ice Sheets, an offspring of a work- 


shop held in 1973, the subject is the 


information to be obtained on past climate 
from ice sheets, through the past 
100,000-—150,000 years with a few 
excursions further back into the Quater- 


| nary. The huge polar ice sheets are indeed — 


slowly moving, frozen libraries of past 
atmospheric conditions, but the infor- 


_ mation they contain is written in a detailed, 


complex language. How far have we come 
in the translation of that language? 

The aim of the workshop was to investi- 
gate the validity of data obtained from ice 
sheets, whether in the form of isotopic 
composition of ice cores or via measured 
temperature profiles along the corres- 
ponding boreholes. Such studies are 
complicated by the flow history of the ice, 
and changes in the isotopic composition of 
the ice can only in part be interpreted as 
changes in temperature. The book offers a 
great deal of detailed information on these 
problems, and a central much-needed 
contribution (Chapter 5) is devoted to ice 


- flow and heat transport within the ice 


sheet. 

The general reader may have difficulties 
getting through this account, though 
glaciologists will feel more at home. The 
model calculations presented are exempli- 
fied by ice core case-studies, but I suspect 
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that current models and input parameters 
are not realistic enough to give safe 
answers; a lot more glacio-meteorological 
data are needed before climate may be 
accurately inferred from ice cores. 

In other chapters the reader is given a 
guided tour of the ice library, but I cannot 
help feeling a little lost: lacking is an intro- 
ductory chapter to place the enterprise 
within the general context of the Quater- 
nary. Attempts to this end have been made 
in a chapter on ocean cores, but a broader 
discussion of time scales and variability of 
ocean core data would have been helpful. 
Nonetheless, the data presented in the 
book add much to our understanding of 
salient problems in this area. For example, 
the total gas content in air bubbles in the ice 
can indicate old surface elevations of the 
ice sheets, and surface studies of snow 
accumulations, temperatures and so on are 
clearly of importance. 

The book’s emphasis on the relationship 
between isotopes and borehole temper- 
ature profiles is more a reflection of its 
origin at a workshop in 1973 than of new 
developments. While contributions have 
been updated by the introduction of more 
recent results, they do not entirely conceal 
the fact that ten years have passed since the 
book was conceived. That being said, some 
ofthe most important findings in ice-sheet- 
climatic research since the 1960s are 
presented here, among them a number 
bearing upon still-controversial subjects. 


This collection of ice-core data with its 
discussion of analytical methods isa must 


for climatic researchers: But to. interpret 
much of the inf ormation found in the book 
such reader: may require addition 
information. from oe slaciolog 
terature,. Oa aea | 
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The illustration shows — 
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Fagan’s The Aztecs, 
an illustrated account 
of early Mexican life 
and culture. The book 
is published by W.H. 
Freeman, price hbk 
$27.95, £26.95: pbk 
$14.95, £13.95, 
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Evolution and us 





John Beatty 


Philosophy, Evolution and Human 
Nature. 

By Florian von Schilcher and Neil 
Tennant. 

Routledge & Kegan Paul: 1984. Pp.283. 
£16.95, $29.95. 








THis is a thought-provoking book — the 
result. of a brainstorming collaboration 
between. a philosopher (Tennant) and a 
behavioural. geneticist and evolutionist 
(von Schilcher). The authors are mainly 
concerned with the ramifications of adap- 
tationist accounts of human nature. They 
succeed in demonstrating what one might 
call (only partly tongue-in-cheek) the 
‘‘resourcefulness’’ of the adaptationist 
perspective, and also do pretty well in 
countering current methodological and 
epistemological critiques of adaptationist 
theorizing. But their apparent reasons for 
making adaptation the centre of attention 
of a scientific study of human nature 
include some contentious views about 
evolutionary biology. 

Following a long introduction to the 
structure and conceptual foundations of 
evolutionary theory (which is sound, but 
which could have been improved by incor- 
porating at least some of the recent work in 
philosophy of biology), the authors turn 
their evolutionary lens upon their own kind 
— upon human values, cognition and 
language. As for values, they warn against 
the ‘‘naturalistic fallacy’’ of those who 
pretend to derive normative conclusions 
from purely evolutionary premises, but 
warn also against the ‘‘anti-naturalism’’ of 
those who believe that the facts of evo- 
lution are entirely irrelevant to ethics. As 
for cognition, they concentrate upon the 
‘evolutionary exegesis of Kant’’: to what 
extent, they ask, are the categories of 
cognition grounded in neurological 
structures that are, in turn, the products of 
evolution by natural selection. They 
acknowledge, in this regard, some of the 
problems that result from ‘‘spiking’’ the 
brain with ‘‘an overly rich mixture of 
cognitive spirits’’. And, as for language, 
they are interested in the extent to which 
the individual development of grammatical 
skills ‘‘recapitulates’’ the phylogenetic his- 
tory of grammatical innovations. 

Adaptationist accounts of human nature 
are certainly worth entertaining. But I 
question a number of Tennant and von 


Schilcher’s underlying reasons for | 





Paper crust 


Princeton University Press have re-issued in- 
paperback The History of the Earth’s Crust, | 


edited by Robert A. Phinney, the proceedings of | us ualit is Leibni ’sph osophy and parts of | 


s that really receive the Fa 
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pursuing such an approach, some of which 
seem to me to be based on serious misrep- 
resentations of the structure and domain of 
evolutionary biology. First, they miscon- 
strue evolutionary theory as being under- 
pinned by nothing more than principles of 
natural selection, and evolutionary biology 
as being nothing more than the study of 
adaptations. Then they make unjustifiably 
bold claims about the domain of evo- 
lutionary biology — that is, about how 
much we can expect to explain in terms of 
evolution by natural selection. 

For instance, among the ‘‘components”’ 
of the modern synthetic theory of 
evolution they include ‘‘The postulation of 
natural selection working on random 
genetic mutations as the one and only 
mechanism of evolutionary change” (p.97). 


And yet most versions of the Hardy- 


Weinberg law (the central principle of the 
synthetic theory) cite natural selection, 
mutation, migration, random drift and 
non-random mating as possible means of 
evolutionary change. 

Even when von Schilcher and Tennant 
acknowledge alternative mechanisms of 
evolution, random drift for example, they 
belittle the search for such phenomena. For 
instance, they claim that 
the pan-selectionist point of view is the only 
possible working hypothesis. This is simply 
because someone not searching for a function 


fi.e. adaptation] will never find one, even if one 
should exist [p.63]. 


But surely it would be just as unlikely for 
someone to find an instance of random 
drift if they were not looking for it. In other 
words, there may be a good reason for 
saying that the pan-selectionist point of 
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view is the only possible working hypo- 
thesis, but von Schilcher and Tennant have 


| not provided it. 


Finally, consider the authors’ bol 
priori extension of biological evolutio 
theory to cultural evolution: : 


A priori biological evolution is going to produce 
culturally adapted individuals when an 
important part of the environment is cultural; 
and genotypes placed in such environments will 
produce phenotypes with important cultural 
traits [p.113]. 


And they add: 


to discern a causal interaction between genes 
and culture is not to make a category mistake; 
indeed, its denial is a logical contradiction once 
culture is reckoned to the environment, cultural 
traits are reckoned to the phenotype, and the 
core conditional of evolutionary theory is 
understood just as before [p.113]. 





I believe that the authors have seriously 
overestimated the power of pure reflection 
here, and have tried unsuccessfully to turn 
an empirical, scientific issue into a phil 
sophical one. - 

In one sense fortunately, and in another 
sense unfortunately, the authors’ 
stimulating account of the ramifications of 
an adaptationist approach to human nature 
does not entirely depend upon their having 
established the all-importance of evolution 
by natural selection. It is fortunate in that 
their discussions, and many of their argu- 
ments, are still well worth consideration. It 
is, however, unfortunate in that the needless 


Paai i 


mistakes are distracting indeed. Ed 


John Beatty is an Associate Professor of Philo- 
sophy at Arizona State University, Tempe, 
Arizona. 





Aspects of genius 
R.S. Woolhouse 
Leibniz. By G. MacDonald Ross. 


Oxford University Press: 1984. Pp.121. 
Hbk £7.95, $12.95; pbk £1.95. 


LEIBNIZ (1646-1716) was a multifaceted 
genius. He was archivist, diplomat, 


engineer, inventor, librarian, poet and- 


politician. And his vast output of writing 
covered alchemy, anthropology, dynamics, 
economics, geology, history, jurisprudence, 
linguistics, logic, mathematics, numis- 
matics, philosophy and religion. 

The introduction to George MacDonald 
Ross’s clear and very readable contribution 
to the Past Masters series prides itself on 
recognizing this fact. It leads us to expect 
the novelty of a discussion of all aspects of 


Leibniz’s work and thought. But, after the 


initial notice taken of them in. the valuable 
account of his” st are ignored, As 











“As ¢ eve 1 this i 


| general gestures. As a whole the book is) 
_ fresh, stimulating and very BUDE MALE. co 


book is not without flaws. Though Leibr 
indeed says otherwise, it is not true of the- 
historical Descartes that he squared human ` 
behaviour with his law of motion-con- 
servation by making the soul change only 
the direction of motion of brain particles, 
not the amount. And though Leibniz did 
question how mind could possibly act on 
body, this was a background metaphysical 
worry. It was not a particular response to 
an attempt to make that action consistent 
with believed empirical laws. His specific 
objection to the manoeuvre he attributed 
to Descartes was that though it saved 
Descartes’s (in fact false) law of motion- 
conservation, it did not save the (true, but 
unknown to Descartes) law of momentum- 
conservation. 

Yet MacDonald Ross’s achievement in 
introducing and summarizing Leibniz is 
considerable. Inevitably he compresses and 
omits. But he does not generally resort to. 
superficialities, or rely on vague an 


aloi to coverina limited: of hats 





space it. need be no surprise if this short a “C100 
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UNIVERSITY COLLEGE. 
CARDIFF 


DEPARTMENT OF 
BIOCHEMISTRY 


2 RESEARCH ASSISTANTS 
— 3 YEAR POSTS 


Applications are invited for two 3 
year posts of Research Assistant 
commencing salary £6,310 per 
annum, to contribute to an 
established line of research con- 
eying Cellular Studies on the 
fa@@tors controlling the differ- 
‘entiation of bovine adipocyte 
precursors. 






Applicants should have or expect 
to obtain in the near future a good 
degree in Biochemistry or a related 
discipline. 

Applications (2 copies), together 
with the names and addresses of two 
referees should be forwarded to the 
Establishment Officer, University 
College, Cardiff, PO Box 78, Cardiff 
CF1 IXL. Closing date 5th July, 
1984. Ref: 2791. (2250)A 


Squibb, ; 
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UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MICROBIOLOGY 


TEMPORARY 
LECTURESHIP 


The Department of Microbiology 
invites applications for a temporary 
Lectureship for one year from 
October 1984. The post arises from 


the award of a Nuffield Research | 
Fellowship to Dr I R Booth, and the | 


successful applicant will be expected 


to assist with teaching in microbial 


physiology, genetics and molecular 
biology. There will be the oppor- 
tunity also to carry through a 
research programme. 


Salary within the range £7,190 to 
£8,530 per annum on Lecturers salary 
scale (under review). 


Further particulars and 
application forms from The 
Secretary, The University, Aberdeen, 
with whom applications (2 copies) 
should be lodged by 15 June 1984. 

(2170A 


international pharmaceutical com- 
eeking candidates for the position 
$ Japanese affiliate with offices 
ust provide strong intellectual 


eadership to a staff of about 50 
esponsibility for the registration 
an ethical and animal health pro- 
ese responsibilities, the depart- 

ese regulatory requirements, 


oversees precli 
Japan, and pre 


ughout th 


dclinical studies conducted in 
e necessary registration docu- 
is process, close liaison is 


maintained with the central research laboratories in 


the United States. 


The successful candidate will have at least 15 years 
experience in the heaith care field after receiving an 
MD or PhD degree (or equivalent) and must be fluent 
in both Japanese and English. 


interested candidates should send their current 
resume directly to: Mrs. Anne V. Corey, international 
Personnel Director, Squibb Corporation, P.O. Box 
4000, Princeton, NJ 08540. An equa! opportunity 


employer. - cs 
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ENDOWED CHAIR 
PROFESSOR OF PHYSICS 


| The UCLA Physics Department has 
| an open Endowed Chair position. An 
| appointment will be considered in 


experimental and theoretical physics 
in any of the following fields: High 
and Intermediate Energy, Low 


| Temperature, Condensed matter and 


Statistical Mechanics, Plasma and 


| Astrophysics (theory only). The 
| successful candidate will have a 
| regular University of California 


tenured faculty position; the endow- 
ment income will support the candi- 


| date’s program. The successful 
| candidate will be expected to lead an 


internationally recognized research 
program, and to teach at the graduate 
and undergraduate level. Applicants 


| should send a curriculum vitae, a 


brief statement of past, present and 
future research interests, and the 
names of 5-10 referees to C F Kennel, 
Chair Search Committee, Depart- 
ment of Physics, University of Cali- 
fornia, Los Angeles, CA 90024, The 
University of California is an affirm- 
ative action/equal opportunity 
employer. (NWS90)A 


| applications: 20 July 1984. 


printers’ errors, although every care is taken to avoid mistakes. 
CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 


UNIVERSITY OF LONDON 


CHAIR OF MOLECULAR 
BIOLOGY 


TENABLE AT THE 
INSTITUTE OF CANCER 
RESEARCH 


The Senate invite applications for the. 
above Chair. The Professor will be. 
Chairman of the Section of Cell and 

Molecular Biology which is situated. 
in the Chester Beatty Laboratories at 
Fulham in association with the 

Sections of Biology, Chemical 

Carcinogenesis and the Leukaemia 

Research Fund Centre. The Section 

has varied interests at this time, 

including cell and molecular biology 
of neoplasia and eukaryotic cell 

genetics. 


Applications (11 copies) should be 
submitted to the Academic Registrar 
{N}, University of London, Malet 
Street, London WCIE 7HU, from 
whom further details should first be | 


| obtained, 


Closing date for receipt of | 


Q291)A 


IMMUNEX CORPORATION i 
biotechnology company pu 
development of importan 
regulatory therapeutic prodi 
rently exists in its == = = o2 


HYB 


for a person who has several years experience in 
tissue culture as well as extensive knowledge of all 
aspects of hybridoma technology; including cell fu- 
sion and screening assays. Applicants (B.S., M.S. or 
Ph.D.) must be able to work in a group setting and be 


highly motivated. 


Please send a resume and the names of three __ iC 


references to: 


Personnel Director 

immunex Corporation ie 

51 University Street $= 
| Seattle, WA98101 — 















AUSTRALIA 


RESEARCH FELLOW 
$A25, 342- $A37,274 


DIVISION OF WILDLIFE AND 
RANGELANDS RESEARCH 
CANBERRA ACT 
GENERAL: CSIRO conducts scientific and technological research 
in laboratories located throughout Australia and employs about 
7,500 staff, of whom some 2,900 are professional scientists. The 
Organization's research activities are grouped into five institutes: 
Animal and Food Sciences, Biological Resources, Energy and Earth 
Resources, Industrial Technology and Physical Sciences. The 


CSIRO Division of Wildlife and Rangelands Research is a member of 
the institute of Biological Resources. 

FIELD: Viralogy/ Epidemiology. 

GENERAL: CSIRO’s Division of Wildlife and Rangelands Research 
undertakes research into the general principles underlying the 
contro! of animal and plant populations and the application of this 
knowledge to ecosystem mangement and conservation. One of the 
research teams at the Division's laboratories at Canberra has 
conducted long-term fundamental field and laboratory studies of 
the cig) , physiology and behaviour of the European rabbit over 
the past years, and of its response to and interaction with 
myxoma virus. 

Recent field experiments have shown that myxomatosis continues 
to control rabbits in epee regions. in the semi-arid inland of 
Australia however, rabbit numbers still fluctuate greatly over wide 
areas, and are largely unchecked by some outbreaks of 
myxomatosis which are spasmodic. Major questions are how and 
where does the myxoma virus survive between epidemics, what are 
the reasons for failure of some outbreaks to control rabbits, what 
threshold level of infection in the population facilities spread by 
vectors, and what limits the rate of spread of the virus on both sides 
of that threshold. 

DUTIES: Initiate research into the epidemiology of myxomatosis in 
semi-arid and arid Australia under field conditions, seeking ways of 
improving the effectiveness of the disease. The Division has a new 
animal house with isolation facilities, and has a current but smali 
study of techniques to identify myxoma field strains. The appointee 
will take charge of that study and integrate this work closely with 
ecological field studies. 

QUALIFICATIONS: A PhD degree or equivalent qualifications and 
considerable research experience in virology and/or epidemiology. 
TENURE: A term of 5 years with Australian Government 
superannuation benefits available. 

APPLICATIONS: Stating full personal and professional details, the 
names of at least two referees and quoting reference No C8817, 
should be directed to: 


The Acting Chief 
CSIRO Division of Wildlife and Rangelands Research 


PO Box 84 
LYNEHAM ACT 2602 
AUSTRALIA 





By July 6, 1984. 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 





ECOLOGY! EVOLUTION/ BEHAVIOR 
Yale University Department of Biology 

Yale University’s Department of Biology seeks applicants for an 
assistant professorship in ecology, evolution or behavior. 





Candidates with research interests which span more than one of the 


areas mentioned above are especially desirable. Duties associated with | 


this position include teaching of graduate and undergraduate students 
and management of a strong research program. Send curriculum 
vitae, summary of past and present research, and the names of 
at least three referees to: Executive Secretary, 
Ecology! Evolution/ Behavior Search Committee, Department 
_ of Biology, Yale University, P.O. Box 6666, New Haven, CT 06511. 
- Deadline for acceptance of applications is December 15, 1984. 


| Yale University is an Equal Opportunity! Affirmative Action i 
7 ——_ (NWSBOIA | 


a Employer. 





| contacted if selected for interview. 


(W1029)A 
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King Saud University 
(formerly University of Riyadh) 
Riyadh, Saudi Arabia 
The College of Pharmacy, King Saud University, has 
vacant faculty positions 
PROFESSOR, ASSOCIATE 
PROFESSOR, ASSISTANT 
PROFESSOR 


for PhD holders and/or holders of academic titles earned 
at accredited universities who would be employed on 
contract basis as of commencement of the academic year 
1984-1985 which begns on August 11, 1984. 

The language of instruction at the college is ENGLISH. 
and the college has the following departments: 





Pharmaceutical Chemistry — Pharmacology — 
Pharmaceutics — Pharmacognosy — Clinical 
Pharmacy. 





Noteworthy benefits: E 

— Free return air tickets annually for faculty member 
and family. 

— Furnished accommodation or housing and 
furnishing allowances. 

— Monthly transport allowance. 

— Relocation allowance. 

—  End-of-service gratuity. 

— Free medical and dental care covering family. 

— Contribution by University to tuition fees of non- 
Arabic-speaking children. 


Interested academicians are kindly requested to send 
non-returnable photocopies of their academic diplolmas 
and specialized experience certificates together with 
their résumés (including lists of their publications and 
references) and written applications indicating the 
position applied for and the subjects the applicant is 
qualified to teach to the Dean of college (P.O. Box 2457 
Riyadh). His/ her address and telephone number (if avail 
able) should also be included so that he/she could 


(W1031) 









The European Molecular Biology Laboratory, a research 
institute situated in Heidelberg, West Germany, invites 
applicants for the following vacancy. 


TECHNICAL ASSISTANT 


The successful applicant will work in a group concerned with 
the cloning of mammalian genes. There will be a strong 
emphasis on DMA technology and microbiological techniques. 
Appropriate training in the above mentioned fields is essential. 
it would also be desirable if the candidate had previously been 
introduced to working with computers and physical methods. A 
working knowledge of English or German is required; 
knowledge of a second language (English, French, German) is 
desirable. ee 
An above average salary will be offered to the successfy) 
candidate. Certain allowances are payable in additio a 
depending on personal circumstances. An initial contract of 3 
years’ duration which can be renewed, will be offered. | 
Please write briefly for an application form, quoting 
reference no 84/ 26 to: | . fe & | 

EMBL Personnel Section, Postfach 10.2209, D-6900 - 
Heidelberg, = = © (W1024)A 































Up to£35000+substantia 


We are searching for a number of key 
scientific trail blazers to direct major 
research projects at the new Hewlett- 
Packard Research Centre, Bristol. 

The Hewlett-Packard commitment 
to technical excellence is acknowledged in 
world markets. It has achieved a 
prominent position through the calibre of 
its research effort in Palo Alto. In 1983, 
the company spent $493m on R&D, 

__ representing 10.5% of sales revenue. 
: A further, and highly significant, 
iple of Hewlett- Packard's 
mitment to the future, isthe 
shment of a new Research Centre 
ol Tera rationale for this | 




















a Aiea e 
iding and Encryption. 
tificial Intelligence/Expert 
stems. 
x Software Engineering — developing 
tools and methodologies. 
* Graphics. 








| he grow toa total o ofsi some 2 00; ; 


HEWLETT 
PACKARD 


benefits 


For these critical roles we are. 
looking for people of very high calibre. 
They will be acknowledged experts in Heir 
field and have the management skills to. - 
lead talented teams creating some of the 
future generation of Hewlett- Packard — 
products. Clearly we will be askin; 
high academic achievem 
a record of creativity and 
of design concepts, wh 
successful introduction 
the market place. | 

The peer app 
establish close working 
their opposite numbers 
Universities and with H 
operating companies in 


















Communications between Bristol andi Palo 
Alto will be close through regular visits 






and the introducti 


a ou 7 
facil ity. The Bristol | or ih Lee 


1987. : 
If you would like toes 
opportunities further, send your - F 
curriculum vitae in confidence to Geoffrey 7 
King, Managing Director of Cambridge — 
Recruitment Consultants, who is advising 
Hewlett-Packard on these appointments, 
which are open to both men and women. 





















PRINCIPAL 
BIOCHEMIST 


Applications are invited from graduate 
scientists with a Clinical Chemistry and/or 
Rheumatological Biochemistry background and 
with proven research ability for a Principal 
Biochemist post as Head of the newly 
established routine and research Rheuma- 
tological Biochemistry Section in the 
Biochemistry Department at Selly Oak Hospital. 
The person appointed would work in close co- 
operation with the Birmingham University 
Department of Rheumatology and it is 
anticipated he/she would receive an appropriate 
honorary university appointment. 















































Full particulars, and application forms, 
from Mr. P. Scott, Head of Biochemistry 
Department, Selly Oak Hospital, 
Birmingham B29 6JD. NHS Whitely Council 
conditions of service apply. Applications, 
including CV and names of 2 referees, to 
Mr. P. Scott by 19 June, 1984. (2248)A 























PRODUCT MANAGER 


DNA SEQUENCING 


BIO-RAD LABORATORIES, a leading biotechnol- 
ogy company located in the San Francisco Bay 
Area, has as a result of our continuing growth an 
immediate opportunity for an experienced profes- 
sional to work as a part of our marketing team In 
the Research Products Group. We are seeking a 
highly motivated individual with a commitment to 
excellence who is ready for the next challenging 
career step. | 

This position requires DNA sequencing experi- 
ence and familiarity with computer analysis tech- 
niques. The successful candidate will be results 
oriented, a good communicator, have strong mar- 
keting potential, and be willing to travel. Position 
includes but does not emphasize lab work, along 
with multidiscipline project management respon- 
sibilities. 

Bio-Rad offers a competitive compensation pack- 
age including comprehensive benefits and relo- 
cation assistance. If you would like to be 
considered for this position, please submit your 
resume, including salary history, to Human Re- 
sources Dept. #167, BIO-RAD LABORATORIES, 
. 2200 Wright Avenue, Richmond, CA 94804. An 
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io-Rad Laboratories — WEIS 





THE UNIVERSITY OF 
SYDNEY 
LECTURESHIP IN 
INORGANIC CHEMISTRY 
School of Chemistry 
(Reference No 20/03) 


The Lecturer will participate in | 
| teaching at the elementary, advanced | 


undergraduate, and postgraduate 
levels. The department has active 
research groups in organometallic 
chemistry, bio-inorganic chemistry, 
analytical and environmental 
chemistry, crystal structure analysis, 
vibrational spectroscopy, coordin- 
ation dynamics and molecular 


| electro-optics. Preference may be 
| given to applicants whose research 
| specialisation is in applications of | 


spectroscopic methods to biological 
inorganic chemistry. 


The appointment will commence in 


| or after September 1984. 
Salary range: $A24,353-$31,994 | i ) 
to developing consultancy will be 
encouraged. 


per annum (under review). 


Appointments to lectureships are 
usually probationary for three years 
and the University reserves the right 
not to proceed with any appointment 
for financial or other reasons. The 
costs of travel to Sydney by the 
appointee may be paid by the Uni- 
versity. 


Applications, quoting reference 
no. and including curriculum vitae, 
lists of publications and names of 
three referees, to the Registrar, Uni- 
versity of Sydney, NSW 2006, Aus- 
tralia, by 20 July 1984. 


For further information contact 
Professor H C Freeman in the 
University. (Telex AA20056). 


Further general information also 
available from Association of 
Commonwealth University (Appts), 
36 Gordon Square, London WCIH 


OPF. 
(W1033)A 





UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT IN 
MOLECULAR BIOLOGY 


| Applications are invited for a post- 


doctoral position to identify 
sequences inthe B gene of E.coli RNA 
polymerases necessary for enzyme 
function. The work will involve the 
use of genetic and biochemical tech- 
niques, including DNA sequencing, 
to locate the sites of substitutions 
known to perturb RNA polymerase 
activity in vivo. It will lead to the 
generation of a structure-function 


| map. 


This Grade 1A MRC-supported 
position, tenable for three years, has 
a starting salary of £7,190 per annum 


| including USS benefits. 


Applicants should send a 


PIIRA 


via Sab in eee 





| ston upon Thames KTI 2EE.... 


| of toxicology. 


| of atleast tworeferees together wi 
curriculum vitae and the names. of | 3 
two referees to Dr Robert E Glass, 
Department of Biochemistry, | 
} | Queen’s. Medical Centre, Notting- | 
"© | 0602-700111 extension 3395) from. | 
whom further information may be | 
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KINGSTON POLYTECHNIC 
Faculty of Science 
DEPARTMENT OF 

GEOLOGY ; 
LECTURERII/SENIOR . 
LECTURER IN GEOLO 
(Ref: GG2) | 
2 posts: 
Petrology/Geochemistry 
Sedimentology) 
Applications are invited for two posts 
which are available from ist 
September. Applicants should have a 
high research potential and a strong 
interest in teaching. Preference will 
be given to candidates with 
experience in 
petrology/geochemistry and 
sedimentology, particularly of 
carbonate rocks. The successful 
candidates will be expected to take a 
lead in the research work of the 
Department and a willingness to 
make industrial contacts with a view 







DEPARTMENT OF 
MATHEMATICS ‘ 
LECTURER II/SENIOR 
LECTURER IN STATISTICS 
(Ref: MAI) | 
Applications are invited for the 
above post, available from Ist . 





| September. Preference will be given 


to candidates with a postgraduate 
qualification in Statistics and/or 
industrial or consultancy experience. 
Recent involvement in Statistical 
Modelling or Optimisation would be 
an additional advantage. 


Salary range Lecturer I1/Senior 


| Lecturer: £7860-£14,088 (under 


review) inclusive of London allow- 


| ance, Please quote reference when 


applying. 


Further details and application 
forms (to be returned by 29th June) 
from Personnel Officer, Kingston 
Polytechnic, Penrhyn Road, Kite- 







01-549 1366 ext 287. (2283) 4 





UNIVERSITY COLLEGE 
CARDIFF 
DEPARTMENT OF 
BIOCHEMISTRY 
WELLCOME LECTURER 


| Applications are invited for the 


above post made available to the 
Department of Biochemistry by the 
Wellcome Trust. The appointment 
will be for three years in the first 


| instance renewable for a further two 


years subject to satisfactory review. 
Salary will be in the range 
£7,190-£14,125 pa (under review). 


Candidates, who should be under 
the age of 35, should have relevant 
experience in nucleic acid bio- 
chemistry. it is envisaged that the 
successful candidate will join a 
nucleus of staff interested in aspects. 


Applications (3 copies), the na 


es 
tha - 


» $00-word summary of proposed 
research should be forwarded to the 


Vice-Principal (Administration) and © 


Registrar, University College, PO- 


Box 78, Cardiff CFI 1XL, from” 


whom further particulars may be- 


obtained. Closing date 31st August, © 
100A Dats FRG (PIAA 
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“THE ROYAL VETERINARY 
COLLEGE 
University of London 


Division of Preclinical Studies 
os. DEPARTMENT OF 


PHYSIOLOGY, BIOCHEMISTRY 
~ «AND PHARMACOLOGY 


TEMPORARY LECTURER IN 
VETERINARY 
PHARMACOLOGY 


Applications are invited for a one- 
year temporary lectureship funded by 
the Wellcome Trust and available 
from | October 1984, or soon there- 
after. Teaching duties will be on the 
preclinical veterinary pharmacology 
course. Applicants will be 
encouraged to pursue research work 
with Dr P M Headley on the actions 
of analgesic agents in vivo and in 
vitro. 


Candidates should be postdoctoral 
and have experience of neurophysio- 
logical and neuropharmacological 
techniques. Ideally they will also have 
some experience of veterinary 
pragtice and/or teaching. Salary on 

-tha@\Lecturer scale up to £11,061 pa, 
including London Allowance. Salary 
will be determined by qualifications 
and experience. 











Application form available from 
the Assistant Secretary (Personnel) 
The Royal Veterinary College, Royal 
College Street, London NW1 OTU 
(Tel: 01-387 2898 ext 230). 


Prospective applicants should 
contact Dr P M Headley as soon as 
possible. Closing date 8 July 1984. 

(2280)A 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF 
OCEANOGRAPHY 


ications arc invited for the post 


POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT | 


Assistant in th Department of 









This post is 
NERC Estuarine 


ccon comparative studi By 
organic traces in es e 
= ticulates. Candidates should. prefer- 
«ably have experience of GC and 
~ HPLC techniques and should be 
prepared to divide their time approxi- 
mately equally between the Liverpool 
and Plymouth Laboratories. 
- Informal enquiries may be made to 
Dr MR Preston, tel: 051-709 6022 ext 
2699. 


itial salary will be £7,190 per 





Applications, together with the 
names of three referees, should be 
received not later than 25 June, 1984 
by The Registrar, The University, PO 
Box 147, Liverpool, L69 3BX, from 
whom further particulars may be 
obtained. Quote Ref: RV/S531/N. 


| Diseases, 


THE MIDDLESEX 
HOSPITAL MEDICAL 
SCHOOL 
DEPARTMENT OF MOLECULAR 
ENDOCRINOLOGY 


Applications are invited from 
suitably qualified candidates for 


appointment as Lecturer within the | 


Department of Molecular Endo- 
crinology. The successful candidate 
will be primarily responsible for the 
day-to-day scientific and 
organisational management of a 
monoclonal antibody production 
unit forming part of the Supra- 
regional Assay Service (Hormones) 
Laboratory. 


The post requires considerable 
experience and proven ability in 
hybridoma technology, the capacity 
to independently pursue effective 
methodological development in this 
field and an aptitude for teaching ata 
variety of undergraduate and post- 
graduate levels. 


The successful candidate will also 
be encouraged to collaborate in 


studies on the development of the | — 
nervous system | | 


foetal central 
involving monocional antibody- 
based cell recognition techniques. 
Experience in this area, though 
advantageous, is not essential. 


The salary will be within the 
Lecturer’s scale and will be set at a 
point within the range commensurate 
with the responsibilities attachng to 
this appointment, and in accordance 
with age, 
experience of the successful 
candidate, 


Applications should be submitted 
to Professor Roger Ekins, Depart- 
ment of Molecular Endocrinology, 
The Middlesex Hospital Medical 
School, Mortimer Street, Londen 
WIN 8AA, together with the names 
of two referees, by 28 June, 1984. 

(2292)A 





BLOOMSBURY HEALTH 
Authority, Hospital for Tropical 
London, England. 
Consultant Parasitologist. (Whole 
time/maximum part time), Appli- 
cations are invited for the post of 


| whole time/maximum part time Con- 


sultant Parasitologist. The successful 
candidate, who must be medically 
qualified, will be head of the 
Department of Parasitology pro- 
viding a specialist diagnostic service. 
Close links exist with the London 


School of Hygiene and Tropical | | 
Medicine and it is anticipated thatthe | | 
postholder will have a fairly high | 


academic commitment with appro- 
priate honorary status. Those unable 
for personal reasons to work full time 


will be eligible to be considered for | 


the post, Informal enquiries may be 
made by telephoning Dr M F R 
Waters, The Hospital for Tropical 


Diseases 01-387 4411. Application | 
forms and job description available | 
from the Medical Personnel Depart- | 
Health | 


ment, Bloomsbury 
Authority, 25 Grafton Way, London 
WCIE 6DB, or telephone 01-387 


7643 (24 hour service) quoting | 


reference PK/11. The closing date 


for receipt of applications is 24th | 
August, 1984. Overseas candidates 


are invited to cable their intention of 
applying and send acurriculum vitae 


direct. An equal opportunities : 


employer. (2238)A 


qualifications and | 


CSIRO 
AUSTRALIA 


RESEARCH FELLOW — 
PLANT MOLECULAR 
IOLOGY 
$A25,342-$A37,274 
DIVISION OF HORTICULTURAL 
RESEARCH 
ADELAIDE SA 


CSIRO conducts scientific and technological research in 
laboratories located asta an Australia and employs about 7,500 
staff, of whom some 2,900 are professional scientists. The 
Organization's research activities are grouped into five institutes: 
Animal and Food Sciences, Biological Resources, Energy and Earth = 
Resources, Industrial roc eedy and Physical Sciences. The. $ 
CSIRO Division of Horticultural Research is a member of the f 
institute of Biological Resources. a 
FIELD: Nuclear/ chloroplast interactions. = 
GENERAL: The aim of the Division's research is the improvementof f 
woody pe horticultural crops in Australia. These includea $ 
range of deciduous and evora species. Emphasis is Sa maaa vp a | 
the development of new techniques for the selection and breeding 

of improved plant type and on understanding the complex 
interaction between plant performance and the environment. The 
Division undertakes applied and basic research on a range of 
perennial horticultural plants (deciduous and evergreen) from both 
temperate and sub-tropical regions. 

Intending applicants from UK and Europe may wish to make 
arrangements to talk to a member of the group who will be in Europe 

in July 1984. 


LOCATION: The Division has laboratories at Adelaide, South 
Australia (Headquarters) and Merbein, Victoria. ine appointee will 
be located at Adelaide. l 


DUTIES: As a member of a small team involved in studying the 
interaction of the nucleus and chloroplast in higher plants, the 
appointee will investigate the nature of the sequence homology 
between chloroplast and nuclear DNA, | 
QUALIFICATIONS: A PhD degre -or equivaient qualifications in an 
appropriate field, (such as biochemistry, plant physiology. or $- 
biology}. Experience within the field of biochemistry of nucleic E- 
acids, including recombinant DNA technology and DNA F 
sequencing, would be an advantage. f ce ee: 
TENURE: A term of three years, commencing in 1984. Australian E- 






Government superannuation benefits are available. 
APPLICATIONS: Stating full personal and professional details, the F- 
names of at least two professional_referees, and quoting reference $ 














No A0881, shouid be directed to: — 
The Chief Oe oe: 
CSIRO Division of Horticu 
GPO Box 350 Ae 
ADELAIDE SA 5001 _ 
AUSTRALIA 


By July 6, 1984, ee 
CSIRO IS AN EQUAL OPPO 


itural Research 























AFRC ANIMAL BREEDING 
RESEARCH ORGANISATION 
Positions in Molecular Biology and Cell 

Culture 


ABRO is currently seeking staff to join its newly- founded molecular biology $ 
group in Edinbu rgh. Research objectives are to investigate the sotential ai 
| new techniques for genome manipulation of higher animals. During an 

initial period, research is expected to concentrate upon gene transfer into 
tissue culture ceils and experience in genetic manipulation and/or 
mammalian ceil culture would be advantageous. 5 i 
Scientists with experience of DNA cloning in plasmids, cosmids-and f 
phages, sequencing, or DNA introduction into tissue culte cells by minra- f 
injection or transfection are especially invited to apply. Bec: E 
Candidates should possess a good honours degree in molecular biology, | 
biochemistry or a related subject. For appointment at the Hig itific f 
Officer level a minimum of two years relevant post-graduat ang or | 
experience is expected. Candidates for recruitment at the Senior Scientific 
Officer level should have at least 4 years relevant post graduate research | 
| experience and will normally be expected to possess a PhD or equivalent. 

ualification. Salaries will be according to qualifications and experience on | 

e scales £7,149— £9,561 (HSO) and £8,970— £11,476 (SSO). z 
Applicants should submit a full curriculum vitae together with the $- 
names of two referees to: i i ; 
The Secretary. _Animal Breeding Research Organisation, West 

i . 


Mains Road, Edinburgh EHS 3JQ. 


The Agricultural and Food Research Council is an Equal, Opportunities i 
Employer. (2264A | 

























AUSTRALIA 
RESEARCH 
FELLOW/ SENIOR 
RESEARCH FELLOW 


DYNAMICAL 
METEOROLOGIST 
$A25,342- $A37,274 
DIVISION OF ATMOSPHERIC 
RESEARCH 
MORDIALLOC VIC 


GENERAL: CSIRO conducts scientific and technological research 
in laboratories located throughout Australia and employs about 


7,500 


staff, of whom some 2,900 are professional scientists. The 


Organization's research activities ara groupes into five institutes: 


Animal and Food Sciences, Biologica 
Resources, 


| esources, Energy and Earth 
industrial Technology and Physical Sciences. The 


CSIRO Division of Atmosphereic Research is of member of the 
institute of Physical Sciences. 


The 


Division of Atmospheric Research maintains broadly-based 


research programs in dynamical meteorology, boundary layer 


physics, climatology, ra 
Ehem try. Total stay 


iation, cloud physics and atmospheric 
numbers approximate 130. 


= The Division's Large Scale Dynamics program is concerned with the 
-study of processes which determine the general circulation of the 


atm 


here on length scales of 1000 km and greater together with 


its variability and the climatic consequences of this variability. 
DUTIES: To undertake research into the observational analysis and 
diagnostic aspects of the program and, in collaboration with other 
members of the group, to contribute to related theoretical and 
modelling studies of the atmosphere. 

QUALIFICATIONS: A PhD degree or equivalent qualifications in 


the physical 


sciences with demonstrated research ability and 


experience in dynamical meteorology. Experience in the analysis 
and interpretation of atmospheric data is highly desirable. 
TENURE: A term of 3 years with the possibility of a further 2 year 
term. Australian Government superannuation benefits available. 
APPLICATIONS: Stating full personal and professional details, the 
names of at least two referees and quoting reference No A1848, 
should be directed to: 


The 


Chief 


CSIRO Division of Atmospheric Research 
Private Ba 


p No! 
MORDIALLOC VIC 3195 
AUSTR 


S 






IM 







































ALIA 
By July 6, 1984. 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER | 


(W1030)A 


MUNOLOGICAL/ MICROBIOLOGICAL 
RESEARCH 
FACULTY OF DENTISTRY — 
THE UNIVERSITY OF ALBERTA 


Applications are invited for a full-time position as a Research Scholar in 
immunology and/or Microbiology. The successful candidate must 
have a research degree in Immunology or Microbiology with an interest 
in immunochemistry and bacterial ecology related to periodontal 
diseases. Research will be directed toward characterisation of the 
interaction of surface components of oral bacteria with secretory 
antibodies and other secretory glycoproteins and also with serum 
antibodies. These positions will be dependent upon successful 
application for a competitive award by an external granting agency. 
Appointment as Scholar will be on a long-term basis and will enjoy the 
privileges of the University academic rank at which the appointment is 


Professor or Professor level 








THE UNIVERSITY OF 
SHEFFIELD 
DEPARTMENT OF PHYSICS 
RESEARCH ASSISTANT 


AMORPHOUS 
SEMICONDUCTORS AND 
DISORDERED 
SUPERLATTICES 


|| Applications are invited from men 


and women for the above post funded 


by SERC, to join an established | 
|| group intrested in the optical and 
| electronic properties of disordered 


semiconductors. Systems of particu- 
lar interest include amorphous sili- 


| con, amorphous Si-SiN quantum 
| wells and crystalline GaAs-GaAlAs 


superlattices. Involves the develop- 
ment of novel two beam lumine- 


| scence techniques, photon deflection | 
| spectroscopy for the measurement of | 
| weak absorption processes, and the 
use of a dye laser to measure 
| excitation spectra. Tenable for three | 


years. 


Initial salary £7,190-£7,630 a year 
on Range IA. 


Enquiries to Dr T M Searle/ 


| Professor 1 G Austin, Department of 


Physics, the University, Sheffield S3 
“RH to whom applications, with the 
names of two referees, should be sent 
as soon as possible. Please quote ref 
R94/¢ (2253A 


POSTDOCTORAL POSITION 
available immediately to study 
3-dimensional architecture of 
chromosomes using optical and 
electron microscopy and com- 
puterized, 3-dimensional recon- 
struction schemes. The candidate 
should have strong background in 
computer science/computer graphics 
and/or macro-molecular crystal- 
lographic experience. Send resume 
with names of 3 references to: Drs 
David A Agard or John W Sedat, 
Department of Biochemistry & Bio- 


physics, University of California, | 


San Francisco, California, USA. 
(NW578) 





UNIVERSITY COLLEGE 
LONDON 


COMPUTER PROGRAMMER 
Computer programmer with an 


| interest in the nervous system is 
| required to work in a programme on | 
the anatomy and physiology of the | 


visual system in a well equipped 


laboratory. The successful applicant | 


will be expected to manage the com- 
puter systems, maintain existing pro- 


| | grammes and develop software to aid 


research. Programming in several 


areas, including image processing, | 
graphics and data acquisition is | 
involved. Experience of RSX-IIM, | 
FORTRAN, MACRO-LL, BASIC | 
| and 6502 assembler would be an 


advantage. 
Applications, giving the names of 


two referees, to Professor S Zeki, 
| Department of Anatomy & Embryo- 
| logy, University College London, 
“Gower Street, London WCIE 6BT. | 


(2267)A 


| DEAN OF THE COLLE! 


“NATURE. VOL.209 7 JUNE et 
WEST VIRGINIA 
UNIVERSITY 

invites applications and 
nominations for the position of 





OF AGRICULTURE AND | 
FORESTRY AND DIRECTOR 
OF THE AGRICULTURAL __ 
AND FORESTRY 
EXPERIMENT STATION 


The Dean is responsible for all 
educational, research, extension and 
service programs of the College and 
Experiment Station. Qualifications 
include an earned doctorate, a record 
of academic and research excellence, 
a firm commitment to the mission of 
a comprehensive land grant univer- 
sity and ability to communicate 
effectively with faculty, staff, 
students and representatives of 


| commodity groups. Demonstrated 


administrative leadership is desired. 
Applications including a résumé, 


| other supporting material and names 
-of three references will be accepted 







until July 15, 1984. Nominations, í 


| applications should be addresséd to: 


Chairman of Search Committee, 
School of Dentistry, Medical Center, 
West Virginia University, PO Box 
6305, Morgantown, West Virginia 
26506-6303. 

West Virginia University is an 
Affirmative Action, Equal Opport- 
unity Employer. (NW497)A 


memet aN DAAA AAE AAPA N ttt AALS CANO RATTAN 


POSTDOCTORAL POSITIONS 
(two) available in a leading research 
group. One for studying mutations in 
genes for collagens in human genetic 
diseases, and the other studying gene 
expressions during mouse embryo- 
genesis. Background in molecular 
biology helpful but not essential. 
Interested candidates should send a 
letter describing research experienc 

with a curriculum vitae an ee 
letters of recommendation to) J 
Prockop, MD, PhD, Departmen of 
Biochemistry, University of 
Medicine and Dentistry of New 
Jersey — Rutgers Medical School. 
PO Box 101, Piscataway, New Jersey 
08854. An Equal Opportunity/Affir- 
mative Action Employer. (NW582)A 













THE UNIVERSITY OF 
SHEFFIELD 


POSTDOCTORAL 
NEUROANATOMIST 


Applications are invited from me 
and women for a 


POSTDOCTORAL POSITIO? 


funded by the SERC, tenable for 
fixed term until 15 May 1987 t 
investigate efferent projections of th 
superior colliculus. Experience wit 
neuroanatomical tract tracin 
techniques essential. The proje 
offers the opportunity to combir 
anatomical analysis with behaviour: 
and neuropharmacological se 
niques. Initial salary £7190 a ygi 
Range IA. Details from Dr 

Redgrave (0742 78555 ext 6556 
Applications, including the names < 
three referees, to the Registrar ar 
Secretary (Staffing), The Universit 






| Sheffield S10 ZTN as soon i 


possible. Quote ref: R91/G. = 
z (2235)A 






> | 


THE 
§ UNIVERSITY 





NEW BLOOD 
LECTURESHIP IN 
GEOLOGY 


(Re-advertisement) 
Applications are invited for the 
post of Lecturer in Geology with 
special emphasis on the geo- 
chemistry of fluid-rock inter- 
actions as applied to metals 
and/or hydrocarbons. Applicants 
with interests in fields such 
as hydrothermal alteration, 
petroleum generation and 
migration, diagenesis, pore 
fluids, fluid inclusions or stable 


isotopes will be particularly | 


welcome. This new blood post is 
intended to reinforce the research 
interests of the Department in 
-applied geology. 

ry scale: £7,190 x £450 (15) 
; (under 
w). The initial salary will 








experience. 


Further particulars may be 
obtained from Mr D A S| 
Copland, The University, 
Southampton, SO9 5NH to 
whom applications (7 copies 
from United Kingdom appli- 
cants should be sent not later 
than 2 July 1984, quoting refer- 
-ence No. 2039. (22771A 





THE UNIVERSITY OF 
MELBOURNE 


RESEARCH FELLOW 
GRADE | (EXTENDIBLE 
TENURE) 
in the 
DEPARTMENT OF 
BIOCHEMISTRY. 





Applications are invited from n people The Zoology Department requires an | 


t SO/HSO to undertake research on i 


shotophysical tech ques. t9 


characterize the dynami 
skeletal networks ar 
sxroximity relationships ir 
membranes. The position. is spon- 
sored by the Australian Research 
Grants Scheme and is for 2 years. 


Salary up to $A22,213 per annum 
ind in the range of $A20,991 to 
3A 24,047. For further information 
lease contact Dr W H Sawyer, 
Jepartment of Biochemistry, 
jniversity of Melbourne, Parkville 
O82, Victoria, Australia. 


Further printed information 
egarding details of application 
wocedure and conditions of appoint- 
ne is available from the Appoint- 
er iis “Officer (Academic), Univer- 
ity: of Melbourne, or from the 
secretary General, Association of 
Tommonwealth Universities 
Appts), 36 Gordon Square, London 
NCIH OPF. 


ee close on 15 August 
984. 





(W1035)A 





depend on qualifications and | 










The Sandoz Institute for Medical Research 
invites applications for the positions of Head of 
Laboratory (one in Biochemistry and one in Cell 
Biology & Cell Culture) tenable from | January 
1985, 

The Institute will be housed in well-equipped 
and spacious new laboratory accommodation 
which is being built within the precincts of 
University College London, with which strong 
academic links will be forged. The scientific staff 
will be up to 25-30 by 1987. 

The Institute will embark on a programme of 
basic research in neurobiology, concentrating 
initially on mechanisms involved in nociception, 
with the long-term aim of developing new 
compounds of potential therapeutic value. 
Initially there will be six laboratory groups 
(Medicinal Chemistry, Biochemistry, 
Neuropharmacology, Cell Biology and Cell 
Culture, Immunology, Cellular Electro- 
physiology) which will collaborate on a 
range of individual projects. 
Applicants for both positions need to 
have proven ability to organize and 


SANDOZ 






supervise the running of a research laboratory, 
and to contribute original ideas toa 
multidisciplinary research effort, Enthusiasm for 
interdisciplinary collaboration is essential. 
Candidates for the Biochemistry position should 
have experience in the field of receptor- 
regulated mechanisms and/or the isolation and 
characterization of membrane proteins. 
Candidates for the Cell Biology position should 
have general experience in cellular 
neurobiology and neuronal cell culture 
techniques, preferably with an interest in the 
biology of sensory neurons. 
Salary negotiable, plus comprehensive benefit 
package including car. Assistance with 
relocation if required. 
Applications by 16 July 1984, including cv and 
names of three referees, to Professor H.P, Rang, 
FRS, Director, Sandoz Institute for Medical 
Research, Department of Pharmacology, 
_ University College London, Gower Street, 
London WCIE 6BT (Telephone 

01-388 5314), from whom further 

information can be obtained, 





(2302)A 





SCOTTISH CROP 
RESEARCH INSTITUTE 


Invergowrie, Dundee DD2 SDA 
Tel: Invergowrie 731 
(STD code 082 67) 


SCIENTIFIC OFFICER/ 
HIGHER SCIENTIFIC 
OFFICER 


mechanisms of plant resistance to |] 
insect pests of forage brassicas and | | 
soft fruit. The appointee will work | 
closely with plant breeders to | 
examine factors conferring resistance | 
amongst a range of plant breeding | 
material, 


Qualifications: A first or upper | | 
second class honours degree in an | | 
appropriate subject and at least two | | 
years’ relevant post-qualifying 
experience which could be in the ento- 
mology and/or plant chemistry and 
may be a course of research and study 


Positions ii in Environmental and 
Agricultural Biotechnology 


| BioTechnica Limited (BTL), 
affiliated with BioTechnica Internation 
Massachusetts, seeks scientists for the follow 
| § 1. Senior Scientist — Programme Manage 
gto work on the development of mi 
particularly aqueous: 
decontamination of polluted land. The successful. 
group and will be concerned both with research ai ; 
of new products. Itis anticipated that candidates will hold a Ph. D. and have Boe 
$ had several years post-doctoral experience, probably in industry. 


f 2. Assistant Scientist: to work on the growth and dovristisany oe 


biodegradation, 





a new British | biotechnology Somn “ine 
C 















lution Groups| BES 
Dial systems for aerobic 

treatment systems andi 
applicant will lead this 
with the development E- 









‘leading to a PhD degree for appoint- | | 


ment to the higher grade, 


Salary: SO —— £5,682-£7,765, 
HSO — £7,149-£9,561. Non- 
contributory superannuation. 


The Institute 
opportunities employer. 


Applications giving full details of 


age, qualifications and experience 


together with the names of two 


referees should be lodged by 9 July, © 
with Mrs J A Shepherd, the. 


Personnel Officer of the Institute, 
from whom further particulars may 
also be obtained, (Q256)A 


g with a major interest in microbial physiology or fermentation te 
i 3. Research Technician: to assist the development of micro- 


is an equal | 





processing of microbial products for agriculture. Candidates should aoe 
preferably hold a good honours degree {or higher degree) in microbiology 
log 











for use in agriculture. Candidates should preferably hold a degreei 


ecinmicro- f 

§ biology or have substantial experience in basic microbial: ‘culture ck oe 
| techniques. i 
| j 4. Biochemical Engineer: To design novel systems for environmental 
i biotechnology. Candidates should preferably hold an M.Sc. degree. 


| Competitive salaries will be paid and participation in a staff share option $ 
a scheme is available : 


| Applications in writing by sending a full CV together with the 
names of three referees to: 


Miss M, Ghosh, Office Manager, BioTechnica Limited, 
5, Chiltern Close, L Wales, U. K. 












DEPARTMENT OF PATHOLOGY 
PARASITE 
IMMUNOLOGY 
PROGRAMME 


MOLECULAR BIOLOGIST | 


Position immediately available for a postdoctoral scientist up 
to 32 years old to work on an EEC-supported project until 
March 1986, with a possibility of further extension. 


This new project in the field of onchocerciasis (river 
blindness) has recently been initiated in a group with a strong 
background in the immunology and molecular biology of 
schistosomiasis. Applications are invited from scientists 
with experience in molecular biology to work on the 
molecular cloning of DNA encoding antigens of Onchocerca 
volvulus that may be of importance in immunopathology, 
immunoprohylaxis and immunodiagnosis, and to participate 
in ongoing studies on schistosomiasis. The project invoives 
- close collaborative work with the Institut Pastuer, Lille, and 


a -with the MRC Laboratory, Bo, Sierra Leone. 


Previous experience in parasitology not required. Salary 


o "range University Scale £8,080 to £10,710, depending on age. 


ro S Informal enquiries to Dr. A. E. Butterworth or Dr. D. W. 
Taylor (0223 353492). Formal applications, with 


curriculum vitae and names of two referees, to Mr. P. 
Wilburn, Department of Pathology, Tennis Court 
Road, Cambridge CB2 1QP (0223 64631). (223A 





MARIE CURIE MEMORIAL 
FOUNDATION 


RESEARCH INSTITUTE 


Two Post-doctoral positions in Molecular Biology. The first will 
involve the application of recombinant DNA technology to the 
study of cellular gene activation by transforming proteins. 


The second will investigate the role of the transformation — 
associated protein p53 in cell proliferation and transformation. 
Eukaryotic vectors expressing p53 and a variety of mutants are 
available for this work. 


These three-year appointments are available now and salary will be 
on the Lecturer Scale. 
Apply with C.V. and the names of two referees to Dr. G. 


Currie, Marie Curi Research Institute, The Chart, Oxted, 
Surrey (088388- 3055). (2163)A 


MOLECULAR EVOLUTION/ SYSTEMATICS 
Yale University Department of Biology 





Yale University's Department of Biology seeks applicants for an 
assistant professorship in molecular evolution and/or molecular 


systematics. 


Candidates expertise should include both the use of modern DNA 
technology to investigate either eucaryotic or procaryotic systems 
and a Re ecge of the nipan and analytical methods directed 

! tion. Duties associated with this position 
include teaching of graduate and undergraduate students and 
monogaman of a strong research program The appointment will 


toward the study of evolu 


take effect no sooner than July 1, 


Send curriculum vitae, summary of past and present 
L, east three referees to: 
: Executive Secretary, Molecular Evolution Search 


research, and the names of at 






Committee, Department of Biology, Yale University, 
Box 6666, New Haven, CT 06511. Deadline for accept 


applications is December 1 









g 


ction Employer. 








(NW588)A 


WELSH NATIONAL 
SCHOOL OF MEDICINE 
(University of Wales) 
DEPARTMENT OF 
MEDICAL BIOCHEMISTRY 
POST-DOCTORAL 
RESEARCH OFFICER 


Applications are invited for the 
above post in which the successful 
candidate will apply a group of 
monoclonal antibodies to the investi- 
gation of the clinical significance and 
molecular biology of complement 
component C9. The post will be for 3 
years and is funded by the Medical 
Research Council. 


Candidates should have, or have 
submitted, a PhD thesis in bio- 
chemistry, immunology or a related 
discipline. The successful candidate 
will be working in an active research 
team headed by Dr A K Campbell 
engaged in elucidating molecular 
mechanisms underlying issue injury 
in immune based disease. 


Salary on the scale for University 
Research and Analogous Staff Grade 
iA with commencing salary up to 
£8,080 for suitably qualified candi- 
dates. 


Further details from the Registrar 
and Secretary, Welsh National 
School of Medicine, Heath Park, 
Cardiff, CF4 4XN (Tel No 
0222/755944 Ext 2296) (quoting Ref 
No C38/4/49) to whom applications 
in the form of a curriculum vitae with 
the names and addresses of two 
referees should be submitted by 6th 
July, 1984. 

(2246)A 





THE UNIVERSITY OF 
MELBOURNE 


LECTURER (CONTINUING) 
in the 


DEPARTMENT OF 
PHYSICAL CHEMISTRY 

A vacancy exists in the Department of 
Physical Chemistry for a continuing 
appointment at Lecturer level, of a 
suitably qualified physical chemist. 
The Department has major research 
and postgraduate education commit- 
ments in areas of colloid and surface 
chemistry, ultra-fast spectroscopy, 
photochemistry and electro- 
chemistry. The new appointee would 
be expected to develop a research 
programme in one or more of these 
areas. Opportunity exists to partici- 
pate in a range of research liaison 
programmes with other Departments 
of the University and with CSIRO 
and the chemical industry. 


Salary in the range $A24,353 
-$A31,994 per annum. For further in- 
formation please contact Dr A A 
Humffray, Chairman of Physical 
Chemistry, in the University. 


Further printed information | 


regarding details of application 
procedure and conditions of appoint- 
ment is available from the Appoint- 


ments Officer (Academic), Uni- 


versity of Melbourne, Parkville, 
Victoria 3052, Australia, or from the 
Association of Commonwealth Uni- 


© | | versities (Appts), 36 Gordon Square, 
|| London WCIH_OPF. ee 


Applications close 30 July 1984. — 
(W1036)A 


RONG. O 
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THE UNIVERSITY OF 
LEEDS 
DEPARTMENT OF PHYSICS 

LECTURER 


Applications are invited MNA the - 
above post in experimental — 
condensed matter physics established 
under the “New Blood” scheme. The’ 
successful applicant will be expected 

to join the group concerned with 

experimental and theoretical aspects 

of metallic glasses, where recent 

studies have been mainly on their 

thermal, magnetic, and transport 

properties. While the appointee will 

primarily be concerned with the 

physics of amorphous materials an 

interest in either new methods of 

preparation or measurements at 

millikelvin temperatures would be an 

advantage. 








The age limit for these posts is 35. 


Salary on the academic scale for 
lecturers (£7190-£14125) {under 
review) according to age, qualifica- 
tions and experience. | 


Application forms and furthers. 
particulars may be obtained fran 
The Registrar, The University, Leeds | 
LS2 9JT, quoting reference number. 
§2/29/D. Closing date for applica- 
tions 15 June 1984. (225A 








MANAGER: 
PROJECT DEVELOPMENT 


A position is available in the 
corporate development program of a 
US agricultural company. Qualifi- 
cations are: 

1. PhD in Agronomy, Horticul- 
ture or related field. 


2. Familiar with new technologies 
in plant genetic engineering, tissue 
culture and cell biology. 

3. Familiar with general 
agricultural business, seeds: and 
plants. 





4. Person with interest in 
marketing preferred, 


Send resume to: Dr Irwin Y E Chu, 
Corporate Vice President, Research: 
& Development, George J Ball, inc, 
PO Box 335, West Chicago, IL 60185 
USA. (NW585)A 





THE UNIVERSITY OF 
SHEFFIELD 
TEMPORARY 
LECTURESHIP IN 
PSYCHOLOGY 


Applications are invited from men 
and women for the above post, 
tenable for a fixed term of 3 years 
from Ist october 1984. The person 
appointed will have a major responsi- 
bility for the teaching of Al. and 
cognition to undergraduates, melas 
ding the supervision of final Wear 
projects using POP 11. Salary ‘scale 






—-£7,190-£14,125 a year. Particulars 


from the Registrar and Secretary 
(Staffing), The University, Sheffield, 
$10 2TN, to whom applications (5. 


| copies) including the names and. 


addresses of 3 referees should be sent 
By ee dupe. 1988, auoae 
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KINGDOM OF SAUDI ARABIA 


Qualified personnel are invited to a 
MEMBERS (Professors, Associate Professors, Assista 
DEMONSTRATORS, RESEA n ASSISTANTS and TH F 


year 1984 -1985. 


Department 
i. Staff members: 
(1) Food Science 


ay _ (2) Animal Science 











: (3) Plant Production 


(4) Ag. Economics & Rural Sociology 


(5) Home Economics & Nutrition 
(Female only) 


H. Lecturers: 


(1) Home Economics and Nutrition 
(Female only) 


(2) Plant Production 


(3) Animal Production 


HH. Demonstrators: | 
(1) Food Science 





(2) Piant Pro duction iN eg 
(3) Agricultural f 





Please apply to: | se 
Dean, College of Agriculture, 


King Saud University, 
P.O. Box 2460, 
Riyadh 11451, 


i = : a deal of Saudi Arabia. 





Oo oD o Poppe 


Co p oo m 


v p o oro 


a o S v 





Specialization 


. Human nutrition metabolism. 
b. Dairy technology. 
. Food analysis. 


4 Poultry nutrition. 
Cytogenetics. 


. Farm management. ae 
. Marketing of agricultural ste duets, 


. Textiles and costumes, 


. Plant production (ornamentals) 
. Plant production (field crops). 


. Plant production (vegetable crops). 
. Animal production 


. Fish and meat technology. 

. Food microbiology. 

. Food analysis. 

. Horticulture {vegetable crops). 
. Agric. Engineering. 





. Human nutrition. 
. Cereal technology. | 
. Analytical chemistry in the field 


of food science. 


ipply for the following posts: of FACULTY 






7 Phi D, Teaching experience, Arabic 
Se ‘speaking. 


or Professors only, Arabic speaking. 


5 a Preferably M, Se with 
experience in 


KING SAUD UNIVERSITY 
COLLEGE OF AGRICUL un E 


R IYAD H, SAUD DI ARA BIA 








rofessors), LECTURERS, 
CIA \NS for the academic 





a ee 














do 
-do E : 5 
Ph. Dz, Teaching experience, Associate 


Ph. D., Teaching experience, Arabic 
speaking. 


M.Sc., Teaching experience, Arabic we 
speaking. © 7 E 





E 






fk, conducting so 





Good aen of English | lan 
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athology Division Ware, Herts 


Glaxo Group Research is Britain’s leading pharmaceutical research 
organisation, with a distinguished reputation for developing safe and 
effective medicines. Due to an expanding workload, two positions have © 
arisen in our Pathology Division. | 


tates 
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Cytogeneticist 


We require a good honours graduate to join our team of Genetic 
Toxicologists. You will be involved in cytogenetic analysis including 
metaphase chromosome studies of mammalian cells. You will be expected 
to assist in the preparation of the specimens for analysis and in the 
assessment of results. The laboratories are purpose built to the highest 
standard and equipped with the latest computer technology. 


Applications are invited from graduate cytogeneticists with some 
experience of metaphase analysis. 
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Reproductive Toxicologist 


We require a graduate to be a study supervisor in our Toxicology 
Department working in the team assessing the safety of new drugs when 
used in pregnancy. 


You will be involved in the implementation of reproductive toxicology 
studies and ensuring the correct execution of the studies according to GLP 
requirements. 


You will be expected to be fully aware of the status of each study, asit | 
proceeds, by collating and correlating data generated by the department's | 
dedicated computer system. 
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o Candidates should possess a relevant good honours degree together with 
a sound knowledge of animal anatomy. Experience gained in this field of 


work would be a distinct advantage. 
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We offer a competitive salary in the range £6,175-£10,770. Your starting “© 

salary will reflect your experience. Other benefits of a highly successful ~~ 

company include participation in Glaxo Group profitability, non- ~ 

contributory pension scheme, an active sports and social club and, where ~ 

ee : appropriate, assistance with relocation to this pleasant area of ~ 

Hertfordshire. - 
f= Please write or telephone for an application form, stating which vacancy 
- — E interests you to: Mr. D. Latter, Personnel Officer, Glaxo Group Research 


Ltd., Ware, Herts. SG12 ODJ. Tel: Ware (0920) 3993. 
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| COLLEGE OF 
|_ Swansea 


Part-Time Teaching 
Assistant 


Applications are invited for 
the vacancy of Part-time 
Teaching Assistant in the 
Department of Zoology. 
Applicants should have a 
Ph.D. degree and a research 
interest in the cellular effect of 
heavy metals on fish repro- 
ductive systems. 


The appointment, which will 
be for one year from October 
1, 1984, will be on a scale up to 
£4,265 per annum. 


Further particulars and 
application forms (2 
copies) may be obtained 
from the Registrar, Uni- 
versity College of 
»wansea, Singelton Park, 
Swansea SA2 8PP, to 
“which office they should 
be returned by Friday, June 
29, 1984. (2273)A 














POSTDOCTORAL FELLOW/ 
ASSISTANT PROFESSOR (PhD or 
“-MD) in molecular biology to join 
‘basic gastrointestinal research 
laboratory. Applicant should have 
“strong background in molecular 
biology. Candidate will join group 
with ongoing interest in malignant 
transformation, intestinal cell 
function and transport, molecular 
‘biology involving viral hepatitis and 
hepatoma, and studies of oncogenes 
in gastrointestinal malignancy. 

Individual will be encouraged to con- 
duct independent research but will be 
expected to participate in collabor- 
@leve projects. Send curriculum vitae, 






Ography, references, and state- 


ment of research interests to: Dr Kurt 
J Isselbacher, Chief, Gastrointestinal 
Unit, Massachusetts General 
Hospital, Boston, MA 02114. An 
Equal Opportunity Employer. 
(NW579)A 





































Commission de la Fonction | 
publique du Canada 


Public Service Commission 
of Canada 


iv 








Research Scientist, 
rth Structure 

_ Studies 

Energy. Mines and Resources 


Earth Physics Branch 
Ottawa, Ontario 


We require a geophysicist/geologist to conduct field 
investigations and research studies into the nature and 
structure of major geological features throughout the 
Canadian landmass. Emphasis will be on the application 
of deep seismic reflection techniques, including 
vibrosesis, and regional three-dimensional seismic 
refraction methods. Other geological and geophysical 
methods will be incorporated as necessary. Field 
investigations will be carried out in all parts of Canada, 
from the east and west coasts to the Arctic Ocean Basin. 
Research studies will demand extensive use of 
state-of-the-art. computer-based processing and 
international methods. 

You require graduation with a doctorate degree from a 
recognized university in geophysics, geology, physics or a 
related field, or a lesser degree with evidence of research 
experience and productivity equivalent to that of a 
doctorate degree, Extensive experience in the processing 
and interpretation of multifold seismic reflection data is 
also required. Knowledge of either English or French is 
essential. 

We offer a salary ranging from $26,834 to. $49.91 a | 
commensurate with your qualifications and experience. 
Effective 23 June 1984, the revised salary fang 
$28,176 to $52,409. Ko 












































POSITION: Available immediately 
for recent PhD or MD with a strong 
background in molecular 


|| biology/genetics of animal viruses, 

| Candidates with excellent academic 

| records, some experience in DNA 
technologies including cloning and a | 


strong interest in tumor virology will 


York Avenue, NY 10021, USA. 
| (NW541)A 






The Public Servi e of Canada is 


POSTDOCTORAL RESEARCH 





Forward your application form and/or ! 
quoting reference number i 
S-84-31-5523- JG47(G26), to: 
Joan Girling (613) 593-5331 2 
Public Service Commission of Canada 
Ottawa, Ontario K1A OM7 ar 


Closing date: 31 August 1984 





POSTDOCTORAL POSITION: 
| protein chemistry and/or immuno- 


chemistry background. This person 


will provide the biochemical expertise 
for a smali team developing synthetic 
| membrane bound ion-channel 
be given preference. Please send | 
résumé, abstract of the thesis along | 
with other evidence of scholarly pro-: 
ductivity, and the name and tele- 
phone numbers of three referees to: | 
Nurul H Sarkar, PhD, Memorial 
Sloan-Kettering Cancer. Center, 1275. | 


receptors. Experience with cross- 


linking or affinity labelling and lipid | 
` membranes would be helpful. This 
|. position is for an independent, self- 


motivated scientist. It is an academic 


‘research position in a major 


university in western New York. Box 
NW581 c/o Nature, 15 East 26 Street, 
New York, NY 10010. (NWS8DA - 


(W592) : 


-BIOCHEMIST to direct esearch | 


UNE AA, 

















the An of ‘the : conesponding 
genes. PhD/Biochemistry ande 3 0 
years postdoctoral experimentation 
and research involving nucleic acid. 

cloning techniques, protein bio-. 
chemistry and enzymology. Salar 
$36,000 per year. Job site: South. 
Francisco. Send this ad- and 
resumé to Ad No 9075, ,POB 
Sacramento, CA 95804 no t: 



































Faculty of Earth Sciences, 
King Abdulaziz University, 
Jeddah, Saudi Arabia, 


invites applications for a faculty position for academic year 
1984-85 starting September 1984 at 
Associate professor to Professor level 
in the Department of Geochemistry 
to develop and coordinate research in the field of exploration 
geochemistry and to be involved in the undergraduate and 
postgraduate teaching programmes. Excellent geochemical 
laboratory facilities are available. 






ideal candidates would have a Ph.D. degree in geochemical 
prospecting or very related field with long experience in 
exploration geochemistry according to which salary would 
be determined. 


Conditions of employment include: 





* excellent salary untaxed at source 
* free furnished accommodation 

* two months annual leave with return air tickets to place of 
origin 


| Apply with complete c.v. and list of publications to the 
“F Dean, Faculty of Earth Sciences, King Abdulaziz 
_ University, P.O. Box 1744, Jeddah, Saudi Arabia. 





Applications must reach the Faculty of Earth Sciences 
not later than one month from date of advertisement. 
(W1026)A 









2 POST DOCTORAL RESEARCH 
POSITION IN IMMUNOCHEMISTRY 


open immediately at Institut National Recherche Agronomique, at 
Tours, to study proteins involved in cell adherence. Salary between 12 
and 14 000 $ per annum. 

Send curriculum vitae and names of references to Dr A. Paraf, 
Station de Virologie INRA, 78850 Thiverval-Grignon, France. 
(W1039)A 









DEPARTMENT OF BIOLOGY 


Applications are invited for a regular full-time Assistant professor 
position in Comparative Microanatomy effective 1 July 1985 subject to 
final budgetary approval. Candidates are expected to have a Ph.D., 
preferably with post-doctoral experience. While the Biology 
Department is receptive to applicants from a wide range of 
backgrounds in Zoology, preference will be given to an candidate 
whose interests complement those of present faculty and who would 
make substantial use of our electron microscope facilities. The 
successful applicant would be expected to develop a vigorous research 
program and to supervise graduate students. Participation in 
appropriate cellular, animal histology and animal developmental under- 
graduate courses would be expected. The Assistant professor salary 
floor is $26,465. Applicants should submit, not later than July 31, 
1984, a curriculum vitae, personal statement of teaching and 
research interests, and arrange to have three letters of 
recommendation sent to: 

Dr J.E. Meinerney, Chairman 

Department of Biology 

University of Victoria 

Victoria, B.C. V8W 2Y2 


| Canadian immigration regulations now require the University to assess = 
-applications from Canadian citizens and permanent residents. of. 


į} Canada before assessing applications from other persons. The > 


_ qualified male and female applicants. 

































“University of Victoria offers equal employment opportunities to | 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CHAIR OF AGRICULTURAL 

BIOLOGY 


Applications are invited for the Chair 
of Agricultural Biology which has 
become vacant through retirement. 
Preference will be given to candidates 
with interests in applied ecology, 
including pest and disease manage- 
ment and other aspects of crop 
improvement. The appointment will 
carry the headship of the Department 
of Agricultural Biology for an initial 
period of five years. 


The appointment will be effective 
from 1 October 1984 or as soon as 
possible thereafter. Salary will be at 
an appropriate point on the range for 
professorial staff which commences 
at £17,275, 


Further particulars may be 
obtained from the Registrar, Uni- 
versity of Newcastle upon Tyne. 6 
Kensington Terrace, Newcastle upon 
Tyne NE! 7RU, with whom appli- 
cations (15 copies), giving the names 
of not more than three referees, must 
be lodged not later than 27 July 1984. 


Candidates from outside the British | 


Isles may submit one copy only. 
(Q257)A 
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UNIVERSITY OF BRISTOL 
MEDICAL SCHOOL | 


ANIMAL 

SUPERINTENDEN F 
Applications are invited for HHE post 
of Animal Superintendent for the | 
Medical School. The position .- 
involves responsibility for the- 
running of the animal house and 
applicants should be fully conversant 
with laboratory animal husbandry.. 
and the organisation of a moderr 
animal facility. Since the staff of the 
animal house number about 20 and 
belong to at least eight different 
departments, managerial experience 
is essential. Fellowship of the 
Institute of Animal Technicians, 
whilst not mandatory, would be a 
desirable qualification. The appoint- 
ment will be at the level of Grade 8C 
and in the salary range of £9351 to 
£10,168 according to experience, 
(Seales under review). Applications, 
together with a curriculum vitae, and 
the names and addresses of two refer- 
ees, should be sent not later than 20th 
June to the Personnel Office, Senate... 
House, University of Bristol, fain 
whom particulars may be obtained. — 
(Please quote reference PHC). i. 
(2275A 









UNIVERSITY 
COLLEGE LONDON 


DEPARTMENT OF 
GENETICS AND BIOMETRY 


POST-DOCTORAL 
RESEARCH ASSOCIATE 
Required for a 


appointment to participate in the 
application of new mathematical 


UNIVERSITY OF OXFORD 
Research laboratory for 
Archacology 
RESEARCH ASSISTANT 
IN CHEMISTRY 


A post at post-graduate or post- 


doctoral level iş available in the 
Radiocarbon Accelerator Unit for 
two years with probable extension to 
at least four years. The RA will 
manage the non-routine chemical 
work of the Unit, and initiate 
research into the isolation of pure 
materials from archaeological 
samples and in the preparation of 
novel types of ion source target. This 
work is directed towards improving 
the accuracy and extending the time- 


range of radiocarbon dating of 


micro-samples. 


Applicants should have a degree in 
chemistry and further experience 
would be an advantage. The salary 
will be on the IB scale 


1 | £6,625-£10,370 approx) or on the lA | 
= $ scale (£7,550-£12,195 approx). 
|i according to experience and quali- | 
|| fications. Applications should be 
|| made to Dr RE M Hedges, Director, | 
Radiocarbon. Accelerator Unit, 
~ Et Research Laboratory. for. 
 (Nw5B80)A. f| Archaeology, 6 Keble Road, Oxford, — 
i = | from whom further details may be 
obtained, 


three year 





(2234)A | - date; 13 July 1984. 


techniques to the theory of species 
formation, and analysis of field data, 
in spatially distributed populations. 


The post would be suitable for 
applicants with a background in 
applied maths/physics or a biologist 
with strong quantitative talents. 


Further details from, and 
applications, cv and names of two 
referees to, Dr N H Barton, Depart- 
ment of Genetics, University College 
London, 4 Stephenson Way, London 
NW1 2HE, (2298)A 







UNIVERSITY COLLEGP 
LONDON | 
DEPARTMENT OF 
BIOCHEMISTRY 


LECTURER IN 
_ BIOCHEMISTRY/ 
MOLECULAR BIOLOGY 


Candidates should possess a PhD in 
Biochemistry or Molecular Biology 
and postdoctoral experience in the 
application of molecular biology to 
eukaryotic systems Permanent 
appointment, following successful 
completion of the initial proba- 
tionary period. Salary range £7,190 
— £14,125 per annum plus £1,186 
London Allowance, according to age 
and experience. Starting date will be | 
October 1984 or by agreement. 


Person appointed will be expected 
to develop a strong research 
programme in an area of eukaryotic 
molecular biology, preferably related 
to metabolic control, and to. con- 






graduates and MSc students. 7 
Applications, including full cv, the: 


~ names of two academic referees anda 
brief indication of future research. 


interests, to. Profesor B R Rabin, 


Department of Biochemistry, 
‘University College London, Gower. 


Street, London WCIE 6BT. Closing 
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| MEDICAL RESEARCH 

foe COUNCIL 

|. NATIONAL INSTITUTE 

i: FOR MEDICAL 

_ RESEARCH 

DIVISION OF PARASITOLOGY 

“Applications are invited for a 

POSTDOCTORAL 

POSITION 


in the Division of Parasitology to 
work with Dr K.N. Brown on the 
immunogenicity of erythrocytes 
infected with malaria parasites. 
The appointment will be for 
3 years from Ist October 1984. 
Experience in membrane bio- 
chemistry and/or immunology 
would be advantageous. 


The salary will be in the range 
£8,530 — £10,250 plus £1,186 
London allowance, with super- 
annuation provision. 


Applications, together with 
curriculum vitae, research 
experience and interests and 
_ the names of two professional 
ferees should be sent to the 
ector, National Institute for 
Aedical Research, Mill Hill, 
ondon NW7 1AA before 28th 
June 1984, quoting ref: P/ 6/ R. 

(2289) A 


































UNIVERSITY 
OF EDINBURGH 
DEPARTMENT OF 
MEDICINE 


(Western General Hospital) 


LECTURESHIP 
(Non-Clinical) 
Applications are invited from 
suitably qualified science graduates 
appointment to a post of Lecturer 
in the Department of Medicine, 
Western General Hospital which is 










with particular 
crine aspects of hy 
dates should ha 









of radioimmunoass 
research in the field 
angiotensin-aldosier Sy! 
would be an advantage... oo 
© Salary will be at an appropriate 
point on the non-medical scale £7,190 
—- £14,125 per annum according to 
age, qualifications and experience. 


Informal enquiries may be made to 


Professor C R W Edwards (Tel: 
031-332 2525 ext 4687). | 


Further particulars may be 


obtained from the Secretary to the 
‘Unersity, University of Edinburgh, 
Éld College, South Bridge, 
Edinburgh EH8 9YL with whom 
applications (8 copies) together with 
the names and addresses.of 3 referees 
should be lodged not later than 6th 
July, 1984. , i 


_ Please quote reference no 1139, 










































The Queen's University of 
Belfast 


RESEARCH OFFICER 
IN THEORETICAL 


ATOMIC PHYSICS 


Department of Applied 
Mathematics and Theoretical 
Physics | 










sive use of a Departmental VAX | 


2988 and a CRAY-15 at the Uni- 
versity of London Computer | 
Centre in developing and running | 
large FORTRAN programs. The 
person appointed will be 
expected to collaborate with- 
members of staff in this research | 
and to take administrative re- 
sponsibility in helping to organise 
this varied computational work. | 
in addition, he or she would be | 
] expected to carry out some 



















| and computing. A 
| Candidates, preferably hoiding a į 
| PhD degree, must have some ex- — 
| perience in computing and havea | 
good knowledge of quantum 
theory. 
| Salary scale: £7,197-£11,161, 
initial placing depending on age, 
experience and qualifications. 
Applications, including 
curriculum vitae and the 
names and addresses of two 
referees should be sent to the | 
Personnel Officer, The 
Queen’s University of Belfast, 
Northern ireland, BT7 INN. 
Closing date: 18th June, 1984. 
(Please quote Ref. 84/N). 
(2239) A 















FACULTY POSITION 


nt! MOLECULAR GENETICIST 
10) The Division of Clinical Immunology 
and Rheumatology is inviting appli- | 
00- | cations for a tenure-track position at | 

i-/ the assistant/associate professor | 


level, A strong commi nent to re- 


is | search excellence will be the main | 


criterion of selection. Training in 


molecular biology is required and | | 
research interests in the areas of | 9 
immunology or mechanisms of in- t $ - 
flammation preferred. Candidates | gj 2 Numan í 

unit, with very good laborat 


must have demonstrated research 
ability and will be expected to 
establish a strong independent re- 
search program. preference will be 
given to candidates holding an MD 


degree. opportunities for partici- 
pating in graduate programs of Basic | 


Science Departments are available. 
Curriculum vitae, statement of re- 
search goals and interests and names 
of three referees should be sent by 
August I, 1984, to: John E 
Volanakis, MD, Molecular 


Geneticist Search Committee, | f 
Division of Clinical Immunology and- f 
Kheumatology, University of Ala- | f 


bama in Birmingham, Birmingham, 
Alabama 35292. A | 
Opportunity/Affirmative Action 
Employer. iNW568)A 


The above post is to support | | 
research in theoretical atomic | 

and molecular physics and } |. 
astrophysics which makes exten- | £ 


11/750, a University ICL dual | | 


teaching, particularly on research } 





the South-East Thames Reg 


An Equal |: 


















AUSTRALIA 


BIOCHEMIST/ MOLE- 
CULAR BIOLOGIST 
$A32,367- $A43,941 
DIVISION OF PLANT INDUSTRY 
CANBERRA ACT 


CSIRO conducts scientific and technological research in 
laboratories peee u Australia and employs about 7,500 
staff, of whom some 2,900 are professional scientists. The 
Organization's research activities are grouped into five institutes: 
Animal and Food Sciences, Biological Resources, Energy and Earth 
Resources, industrial Technology and Physical Sciences. The 
CSIRO Division of Plant Industry is a member of the Institute of 


Biological Resources. 

FIELD: Molecular Biology of Symbiosis. 

GENERAL: The Division of Plant industry conducts research on 
1roblems fundamental to plant biology and agricultural production. 
t has extensive research programs in biochemistry and physiology 
of biological nitrogen fixation concentrating on the root nodule | 


systems of legumes but also including studies of saprophytic f= 
diazotrophic bacteria. There is. also an active program on molecular = 
aspects of plant and microbial genetics. It is planned to extend =- 
research into the molecular biology of the legume symbiosis with ~ 


some initial concentration on aspects related to energy-yeilding 
processes. | | 

DUTIES: To initiate research on the molecular biology of the 
symbiotic association between legumes and ‘their root nocule 
bacteria. ye > a 
QUALIFICATIONS: A PhD degree or equivalent qualifications with 
extensive experience in molecular t y ar chem 
especially in the fields. of nitrogen fixation and/or bicenergetics. 
TENURE: Subject to a satisfactory probation period, an indefinite 
appointment will be made. Australian Government superannuation 
benefits are available. | 2 . 
APPLICATIONS: Stating full personal and professionai details, the 
names of at least two referees and quoting reference No A4636, 
should be directed to: es 
The Chief ae 
CSIRO Division of Plant Industry 


GPO Box 
CANBERRA ACT 2601 
AUSTRALIA es 


United Medical & Di it i ools 

of Guy's & St. Thomas's Hospitals 
NEW BLOOD LECTURESHIP 
Prince Philip Research Laboratories 
Molecular Genetics . 


A molecular biologist is required. 
Prince Philip Research Laboratorie 









ng on inherited 
iplinary research 





service, and other backgrounc artment contains 






genetics group also has well lishec 


with a number of leading research centres. 


The applicant should have experience of recombinant DNA work, f 
e.g. gene cloning, expression or structural analysis. Experiencein § 
mammalian cell genetics, gene mapping or linkage analysis would- E uo 





be an advantage. 


Applicants wishing to visit the Department should contact $ 


Professor M, Bobrow or Dr. F. Giannelli (01-407 7600 ext 2330 





Appointment to this post will be for an initial period of thr 


hold a permanent UK university appointment. 


‘Salary in range £8,080-£14, 125 plus £1, 186 London Allowance and 


Superannuation. 


E Application forms are obtainable from and should zbe 


London Bridge, SE1 SRT not later than 21st June 1984. 


returned to the Dean, Guy's Hospital Medical School, 












ecular biology and biochemistry, E- 










group inthe f 


tific information E 


etics Centre. The molecular | . a 
red collaborative arrangements fF 


Applicants should not exceed 35 years of age and must not cu rrently 



















„APPOINT SECRETARY 


A successor is being. sought for Dr R.W.J. KEAY, C. B.E., who is 
retiring at age 65 in mid-1985. 


The Executive Secretary i is the permanent head of the secretariat 
with about 100 staff and is responsible under the Officers and 
Council for the conduct of the administrative business of the 
Society. 


The Society's responsibilities, supported by an annual income of 
about £8 million, cover a wide range of national and international 
scientific activities. The Executive Secretary is personally involved 
in all of these and is called upon to represent the Society in many 
ways at home and abroad. 


Applications are sought from persons preferably between 45 he 55 
years of age who have had significant personal involvement in 
scientific research and substantial experience in a relevant 
administrative post. The Executive Secretary is expected to live ina 


spacious flat within the Society's premises. The salary is related to _ 
that of university professors. The Society has its own penan, 


scheme, with 65 as the normal retirement age. 


Those interested should write in confidence enclosing a brief 
curriculum vitae and the name of two referees to: SIR JOHN 
<- MASON, C.B., F.R.S., Treasurer of the Royal Society, CENTRE 

FOR ENVIRONMENTAL TECHNOLOGY, IMPERIAL COLLEGE OF 
NCE AND TECHNOLOGY, 48 PRINCE'S GARDENS, 
0 SWIALU by 13 July 1984, . (aaa 





= UNIVERSITY OF STRATHCLYDE 


DEPARTMENT OF BIOSCIENCE AND 
BIOTECHNOLOGY 
“NEW BLOOD” LECTURESHIP 
IN FOOD SCIENCE DIVISION 


Applications are invited from candidates under 35 years of age for a 

lectureship in Food Science. Preference will be given to candidates 

with tdoctoral research. experience in food-related topics. 

Experience in one or more of the following areas will be an 

advantage:- biopolymers, rheology, food preservation, food 

microbiology, food processing and control systems. 

Si will be on the Lecturer Scale (£7,190-£14,125 pa). USS 
nefit. 

Further particulars anda 

are available from Staff 

Richmond Street, Glasgow G1 1XQ. 

| enn date for Appia DNS: 29 June 1984. 


United Medical & Dental Schools | 









plication forms (quote ref: 30/84) | $ 
Office, McCance Building,- wy 


(2240)A a 





COLLEGE DUBLIN 
Applications are invited by the 
Governing Body of the 
College for the following full- 
time statutory appointment: 


PROFESSORSHIP OF 
BOTANY 
Prior to application, further 
information (including appli- 
cation procedure) may be 
obtained from the Secretary 
and Bursar, University 
College, Belfield, Dublin 4. 
Telephone enquiries: 693244, 
ext. 431. 
The closing date for receipt 
of completed applications 
is Thursday, 12th July 1984. 
(2273) A 

























RESEARCH POSITION 
in Paris Laboratory 

with possibility of travel and 

| | relocation in UK and U.S.A. 

| Suitable for young independent, 

ambitious scientist with strong 

| friendly personality. 




















orthodox ideas. Some conver- 
sational French necessary. 
Training: biochemistry {nucieo- 
proteins}, molecular biology, 
(genetic engineering). Good bio- 
logy/ immunology background. 


The work is supported by a British 


£8-13,000 p.a. 
Please send CV, hand written 
letter and photo to Box W1038, 
cio Nature, 
Street, London WC2R 3LF. 
W1038)A 


Are you reading 


| Should be imaginative, creative | 
| and capable of working on un- | 


biotechnology company. Salary 


4 Little Essex | 
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UNIVERSITY OF í 
DÜSSELDORF 
ASSOCIATE 














Applicants are invited for the oe 
position in the Institute ef Micros: 
biology, University of- Düsseldorf. 
Candidates should be working in the: 
field of molecular genetics of yeast or’ 
filamentous fungi to enable a close 
cooperation with. existing research 
programs in thé Institute. Additional 
funds and positions are available. 


Further information can be 
| abtained from Prof Dr C P Hollen- 
berg, Tel 0211-3114720. 


Applications, including: 
curriculum vitae, a summary of- 
research results and the names and 
addresses of three referees, should be 
sent to: 


The Dekan der Mathematisch- 
Naturwissenschaftlichen Fakultat- 
der Universitat Düsseldorf, Univer- 
sititsstraBe i, D-4000 Düsseldorf 1 

(FRG). 

Closing date 12 July 1984. = 
(W1022)A 5 

















































Please mention 
nature 


when replyingto 
these advertisements 











BIOTECHNOLOGISTS! 


Bio/Technology, the 


International Journal for Industrial Biology? 


of Guy's & St. Thomas’s Hospitals 
NEW BLOOD LECTU RESHIP 


Department of 
Chemical Pathology | 


A molecular biologist with research experience. is required im the 
‘Department of Chemical Pathology based at Guy's. ‘The post offers the 
opportunity. to work in association with a team involved in the 
i development. of malarial. vaccines using recombinant DNA f 
» Fechnology. Applicants s should submit.an outline of research rproposats ia 
elating. to the in tiga ahon of human Pa A 





will ‘be for an initial period of shies yaa 


ane years of f age and must not currently, J $ 


\pplication for . inais from oe should be returned to 
he Dean, Guy's Hospital Medical School, London Bridi e, 5 
Tr atert lan hater syne 19 (IIIA 





For a free sample copy of this new monthly 
Journal from the Publishers of Nature, please 
write or phone: 


Mirta Soto Felicity Parker 


Bio/ Technology Bio/ Technology _ | 
15 East 26th Street Houndmills Industrial Esta 
New York 10010 Brunel. Road, Basingstoke | i 
USA Hemipsire,, UK 


Tel: (212) 689 5900 .: (0256) 29242 









The Wellcome Foundation Limited is a major group of phamriaceutical | a 


and chemical companies with headquarters in the UK and a turnover o 


close to £700m. | 7 
This is a key senior appointment reporting to the ‘Director ofo 


Therapeutic Research Division. The department is activė. ona wide © - 


variety of forward-looking research projects and comprises some 60 _ 
personnel — including scientists, technicians and clerical/secretaria = 
Staff. | 


The prime responsibility of the position will be to direct, manage and 
co-ordinate the department's activities and resources to meet the ie 
overall research objectives within defined cost, quality and time- 
parameters. There is also a requirement to co-ordinate “the | 
development of the science” and ensure that a rir gal i of high > 
quality of scientific and technical performance is sustained. 


Candidates must be able to demonstrate a substantial. scientific and 


managerial track record in a relevant field and have the maturity to | ie 


promote and develop scientific excellence through personal leader- 


: ship and motivation. As a senior scientist, the successful candid ate 
t also be capable of contributing to the- general debate on © 


i research methodology objectives and ‘maintaining a 
contemporary scientific perspective in this important area of research. 


The salary and benefits package will reflect the importance of the 
position and. includes a company car and generous assistance \ with 
relocation. S Da 


Please writ u 

- Alan Mure loch, 7 Personnel Officer, 

The W Jellcome Research Laboratories oe 

| aici Court, Beckenham, Kent BR3 3BS, England, 



















-OF NOTTINGHAM 
LECTURER IN ZOOLOGY 
pplications are invited for the post 
«as Lecturer in Zoology which will 
“become vacant on Ist September 
< 1984, 

~ Candidates will be expected to 
-have research experience in Neuro 


Chemistry. 


Salary will be within the range 
£7,190 — £14,125 per annum. 


Application forms and further 
particulars, returnable no later than 
25th June 1984, may be obtained 
from Staff Appointments Officer, 
University of Nottingham, 
University Park, Nottingham NG7 
2RD. Ref No: 951. (2288)A 





FELLOWSHIPS 












* 


¿f research environment. 







"THE UNIVERSITY COLLEGE 
: OF WALES 
ABERYSTWYTH 


DEPARTMENT OF 
ZOOLOGY 

POST-DOCTORAL 
E FELLOWSHIPS 
z Applications are invited for two 
> Post-Doctoral Fellowships in 
-parasite Biochemistry, one to work 
= on the cytochrome chain asssociated 
- with peroxidases of parasitic 
: nematodes, the other on the carbo- 
= hydrate metabolism on Onchocerca. 
= Informal enquiries to professor J 
Barrett (0970 3111, ext 3259). Salary 


< on the 1A Range for Research and 


-= Analogous Staff. 

~ Applications with curriculum vitae 
~ and the names and addresses of two 
< referees should be sent as soon as 
>> possible to the Staffing Officer, The 
© University College of Wales, Old 
-< College, King Street, Aberystwyth, 
=: SY23 2AX from whom further par- 
© ticulars may be obtained, (Tel 0970 
z 3477, ext 207). (2262)E 


THE ROCKEFELLER 
UNIVERSITY 
POSTDOCTORAL 
FELLOWSHIPS IN 
MOLECULAR 
T PARASITOLOGY 
Applications are invited for two post- 
doctoral positions to study gene 
Structure and regulation in human 





malaria parasites and African 


3: trypanosomes. The research program 
of the Laboratory of Molecular 
<- Parasitology embraces the study of 
< <membrance and genetic phenomena 
cuin parasitic protozoa. Applicants 
should be able to. show evidence of 
achievement and. potential. in 






(NWS86)E 


POSTDOCTORAL FELLOWSHIP IN 

ONCOGENE RESEARCH 

Friedrich Miescher-Institut, 
Basel, Switzerland 


Applications are invited for an internally funded position, of three years 
~ maximum duration, to work on the role of oncogenes in human cancer. 
The Institute provides outstanding facilities in a multidisciplinary basic 


vet Candidates with a background in molecular biology should 
write to: Or Christoph Moroni, Friedrich Miescher-Institut, 
. P.0.B8. 2643, CH-4002 Basel, Switzeriand. 


molecular or cellular biology. 


equal opportunity employer. -% 


(W1025)E 


THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University of London) 


ARC BONE AND JOINT 
RESEARCH UNIT 


RESEARCH FELLOW 


An Arthritis and Rheumatism 
Council Fellowship is available until 
March 1986 to study local variations 
in biosynthetic activity in human 
articular cartilage. 


Applications with CV and the 
names of two referees to Professor H 
L F Currey, Bone and Joint Research 
Unit, The London Hospital Medical 
haa Turner Street, London El 

AD. 


Further information may be ob- 
tained from Dr J R Archer, Tel 
01-247 8939. (2276)E 





ANIMAL DISEASES 
RESEARCH ASSOCIATION 
POSTDOCTORAL 
FELLOWSHIP 


Applications are invited from 
scientists with experience in 


molecular biology for a Postdoctoral | 


Fellowship tenable in the Moredun 
Research Institute, Edinburgh, from 
August/September 1984 to 
May/June 1985. The appointee will 
be required to contribute to one or 
more current projects on microbial 
pathogens of ruminant livestock. 
Salary, for the period of the Fellow- 


nie, will be within ar ane | expected to be based at Plymouth for |. 


£8,000-£10,000 per 
dependent upon qualifications. and 
experience. Further details may be 
obtained on request. Applicati 


| including Curriculum Vitae and | 
| names of 2 referees should be sub- 
“mitted by July 5th to The Secretary, 


Animal Diseases Research Associ- 

ation, Moredun. Institute, 408 

Gilmerton Road, Edinburgh, EH17 
ol. 22635 


2 7IR. | 





UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF 
MICROBIOLOGY 
POST DOCTORAL 
RESEARCH FELLOWSHIP 
Applications are invited for this A & 
FRC funded post to work on the bio- 
chemical basis of enhancement of 
disease resistance in rice by dichloro- 
cycloprotanes. Experience of bio- 
chemical aspects of plant-parasite 
relationships an advantage. 


Post tenable for up to ten months | 


from ist July 1984 or as soon as 
possible thereafter. 


Salary on the Research Fellow 1A 
scale £7,190 to £11,615 plus super- 
annuation. 


For further particulars phone 021 
472 1301 ext 2559, quoting reference 
M4. 


No formal application form. Three 
copies of application, including full 
curriculum vitae and naming three 
referees to Assistant Registrar, 
(Science and Engineering), PO Box 
363, Birmingham B15 2TT, by 22 
June 1984. (2242)E 


continued on page 20 





ASSISTANTSHIPS 





UNIVERSITY OF 
CAMBRIDGE 


MARINE GEOCHEMISTRY 


TWO RESEARCH 
ASSISTANTSHIPS IN 
ESTUARINE PROCESSES 
The posts are for work on the study of 


variations in the chemistry of 
suspended particles in estuaries, 
especially the role of benthic fluxes — 
and processes at the turbidity 


maximum in chemical scavenging, 


and will be in collaboration with | 


workers from the Institute for 
Marine Environmental Research, 
Plymouth, the marine Biological 
Association, Plymouth, and Woods 
Hole Oceanographic Institution. 


Post-doctoral level post salary 
scale £7,190-£8,080. Post-graduate 
level post salary scale £6,315-£7,190; 
both to a maximum of three years, 


| staring Ist October 1984. 


For the PDRA post, experience in 
trace metal geochemistry and/or 
isotope geochemistry, especially 
solid-source mass spectrometry 
would be an advantage. The PDRA 
will be based at Cambridge but may 
be expected to take part in field work. 


For the PGRA post, experience in 
oceanographic or estuarine field 
work and in chemical techniques of 
water and sediment analysis would be 
an advantage. The PGRA will be 









he first part of the project and at 
Cambridge for the second part. 


3 Applications, including a 


‘curriculum vitae and the names of 
| two referees should be submitted to 
“Dr H E Elderfield, Bullard Labor- 


atories, Department of Earth 


bridge CB3 OEZ, by 13 July 1984. ee 


(2284)P 


Road, London E1 4NS, by 22 Jun 


| experience. Broad background fi 
plant tissue culture to crop p 
| | h | logy. Seeks lecturing/research 
Sciences, Madingley Road, Cam- | | 


‘London, WC2R 3LF.. 











~ QUEEN MARY COLLEG 
niversity of London | 
MATHEMATICAL SCIENCES — 
THEORETICAL ASTRONOMY UNI 
Applications are invited | 
SERC-funded 
POSTDOCTORA 
RESEARCH 

ASSISTANTSHIP — o 

for 2 years from 1 October, for work | 
with Dr M Rowan-Robinson on 
infrared sources detected by the 
IRAS satellite. The successful appli- 
cant will be expected to work on 
identification of IRAS sources, to: 
initiate and carry our ground-based - 
observational programmes in collab- 
oration with other groups, and to: 
carry out analyses of relevant IRAS. 
data. Experience of ground-based 
observations at optical or infrared- 
wavelengths, and of computer pro+- 
gramming, an advantage. The. 
College has active groups in several 
branches of astronomy, ranging. 
from cosmology to interstellar 
molecules. and solar physics. ee 


Salary in range (under rev 
£8,376-£9,716 pa (including Longi 
Allowance). Please apply in writing 
enclosing cv and names of 2 refere 
to the Senior Personnel Offic 
Queen Mary College, Mile 





+- 



















(2247)P 





CAVENDISH LABORATOR 
UNIVERSITY OF 
POLYMER PHYSICS GROUP. > 
AGRICULTURAL AND FOOD 
RESEARCH COUNCIL (AFRC). 
(Food Physics Division) a 

A number of graduate and post 
doctoral Research Assistantships ar 
being offered as part of the link pro+: 
gramme with AFRC being set up at: 







Applications should be sent to: Mr 
J Deakin, Secretary, Cavendish: 
Laboratory, Madingley Road, Cam 
bridge CB3 OHE, quoting ref PPG. - 

(2237)P = 





APPOINTMENTS WANTED 
advertise your qualities and qualifi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of 25p a word, 
(Personal Box Numbers £2). 
Advertisements must be pre-paid and 
sent to: Nature Classified (Appts 
Wtd), 4 Little Essex Street, London: 
WC2R 3LF. (890)B 












anywhere in Europe. Box W10; 
Nature, 4 Little Essex. $ 
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PARIS 3-7 one 1984 
COMITE SCIENTIFIQUE | SECRETARIAT SCIENTIFIQUE 
SCIENTIFIC COMMITTEE | SCIENTI FIC SECRETARIAT 
Jacques BENVENISTE (F) F RUSSO. MARIE 
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The deadline for abstracts i is extended to June 15, 1 984. Abstracts can be typed ona good quality paper sheet (6 
inches height & 4.9 inches width) with 5 copies. 


Please select a topic among the following: 


1. Polyunsaturated fatty acids: biosynthesis and transport 
2. Prostanoids 
3. Lipoxygenase products 
4. Platelet activating factor 
| 5. Free radicals 
6. Contact system proteins and kinins 
7. Complement 
8. Tissue degrading enzymes 
9. Acute phase reactants 
10. Neutrophil activation and chemotaxis 
11. Macrophage activation and macrophage- -derived factors 
12. Defects in phagocyte functions 
13. Mast cells and inflammation 
14. Immediate and delayed type hypersensitivity 
15. Cellular interactions 
16. Haemostasis and thrombosis 
17. Vascular injury 
18. Chronic tissue injury 
19. Atherosclerosis and nperninalon 
20. Pain 
20B. Steroids as anti-inflammatary drugs 
_ 22. Newer non steroidal anti-inflammatory agents - 
23. Novel approaches to anti- -inflammatory marapy.:. 
24, Updating experimental models of inflammation. 
y 25. Other topics 
_ 26. Lipoxygenase inhibitors 
` are 27. Endotheli lium- -leukocyte interactions 
o 98. Updating on the biological bas sis of e mechanism of action of nsaids 






Orgiilitsation technique: ae 
pene secretariat: SOCK 14, rue Mandar - 75002 PARIS Tél. (1) 233. 89. 94 — Télex 214. 403 F - 












IMPERIAL COLLEGE 
NIVERSITY OF LONDON 
at DEPARTMENT OF 
"PURE AND APPLIED BIOLOGY 
MRC RESEARCH 
es STUDENTSHIP 
~ Applications are invited from candi- 
“dates with, or expecting to qualify 
“with, a first class honours or 2(1) 
“degree, for a 3 year studentship to 
< study the biochemical/molecular 
organisation of the sexual stages of 
the malarial parasite plasmodium 
falciparum. The student will be 
expected to have a sound working 
knowledge of biochemical tech- 
` niques, will join an active research 
-group based at the department’s field 
station at Ascot, and will be 
registered for a higher degree in the 
“University of London. 


- Applications with CV and the 
~~ names of two referees to Dr R E 
Sinden, Imperial College Field 
=: Station, Silwood Park, Ascot, Berks 
SLS 7PY (Closing date May 3ist 


1984) 
: (2279)F 









- QUEEN MARY COLLEGE 
oo (University of London) 
_ SCHOOL BIOLOGICAL SCIENCES — 
- RESEARCH STUDENTSHIP 
Applications are invited for an SERC 
studentship to work on a project 
<: involving the study of tetrachromatic 
vision in fresh-water fish. Training 
will be given in spectrophotometric 
and electrophysiological techniques. 
=x Applicants should possess a first or 
-= upper second class degree in bio- 
~~ Jogical sciences with a physiological 
background. 
“Applications, including cur- 
< riculum vitae, and the names of two 
= referees should be sent to Dr JK 
Bowmaker, School of Biological 


















-End Road, London, El 4NS. (Tel: 
< 01-980 4811, ext 4110). 

The School of Biological Sciences 
has three SERC studentships 
available for work on a wide range of 
biological topics. Further details 
available from the above address. 
(2272)F 


UNIVERSITY 
OF ABERDEEN 


DEPARTMENT OF 
ZOOLOGY 


has been awarded three 
SERC STUDENTSHIPS 
in October 1984. 


oo. starting 
Applications are invited from 
students with good Honours Degrees 
- and from those expecting to graduate 

-~ghortly, and who wish to carry out 













-research in the following areas: 


© Cell Biology, Experimental 
arasitology, Insect Endocrinology, 
alian Reproductive 
ics, Marine Biology, 





1¢, DSc, Department of 
y, University of Aberdeen, 


“el No (0224) 40241, ext 6427. 





` Sciences, Queen Mary College, Mile | 


ies and applications should - 
addressed to Professor W| 


ne Avenue, Aberdeen AB9 | 






UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF 
BIOCHEMISTRY 

SERC — CASE 

STUDENTSHIP 
An SERC-CASE Studentship in 
collaboration with Dr K Barratt-Bee 
(ICI Pharmaceuticals) is available to 
work on the “Transport of purines 
and pyrimidines in the yeasts 
Candida albicans and Torulopsis 
glabrata’. The object of the project 
is to analyse in detail the specificity of 
the system and mechanism by which 
these compounds are transported 
across the plasma membrane. It is to 
be hoped that information of this 
type will help in the design of anti- 
fungal drugs which like 


$-fluorocytosine can be transported | 


illicitly into pathogenic fungi. 
Further information can be 


obtained from: Dr D Kerridge, | 


Department of Biochemistry, Tennis 


Court Road, Cambridge, CB2 1QW. 


Telephone: 351781 ext 246. 
(2230)F 





JOHN INNES INSTITUTE 
Colney Lane, 
Norwich NR4 7UH 


RESEARCH STUDENTSHIP 


Applications are invited for a three 
year research studentship to study the 
physiology/biochemistry of the 
relationship between photosynthesis 
and respiration in higher plants. 


Applicants should have, or expect 
shortly to have an Honours degree (2i 
ir better) in a Biological Science. 


Applications, with curriculum 
vitae and names and addresses of two 
referees, should be sent to Professor 
H W Woolhouse at the above 
address, not later than 20 June 1984. 

(2290)F 





UNIVERSITY OF 
BIRMINGHAM 


DEPARTMENT OF 
PLANT BIOLOGY 


RESEARCH STUDENTSHIPS 


Applications are invited for the 
following studentships tenable from 
October Ist. 


i. SERC CASE Studentship in 
collaboration with MAFF Labor- 
atory in Harpenden, on the detection 
and elimination of viruses in true 
potato seed. 


2. SERC CASE Studentship in 
collaboration with the Scottish Crops 
Research Institute, on physiological 
aspects of frost tolerance in black- 
currants. 


3. SERC Quota Studentship, 
tenable in one of the following sub- 


ject areas: biochemical aspects of | 


plant-pathogen recognition; 
tree mycorrhizas; physiology an 


deposition by algae. | 
Further details are available from 


Professor J A Callow, Department of 


Plant Biology, University of Bir- 


mingham, B15 2TT and applications | 


should contain a full cvand names of 


2referees. — — Q26DF 


~~ STUDENTSHIPS — 


UNIVERSITY OF 
LANCASTER 
DEPARTMENT OF 
ENVIRONMENTAL SCIENCES 
SERC RESEARCH 
STUDENTSHIP 
Tenable from 1st October, 1984 


Applicants holding or expecting 
at least an upper second class | 
honours degree in a physical/ | 
geophysical science field may 
apply for either of the following 
topics: 

1. Study of fluid dynamic pro- 
cesses in silicate magma/ sulphur 
systems with application to 
volcanism on lo. 


| 2. Investigation of the photo- 
metric properties of the surfaces 
of Ganymede, Callisto and 
Í Europa using Voyager data. 


Applicants should send cv and 
names and addresses of two 
referees to Dr L. Wilson, Dept. 
Environmental Sciences, 
University of Lancaster, from. 
whom further information can 

be obtained. ( }F o: 











WYE COLLEGE 
(University of London) 
MAFF STUDENTSHIP IN 
AGRICULTURAL LAND 
CLASSIFICATION 


Tenable for three years, starting on 


October Ist, the studentship is to 


relate crop yield and economic per- 
formance to physical land properties. 
Applicants, preferably competent in 
the use of computers, should hold or 
expect to obtain a First or Upper 
Second Class Degree. Apply, with 
Curriculum Vitae and the names of 
two referees, to Dr C P Burnham, 
Department of Environmental 
Studies and Countryside Planning, 
Wye College, Ashford, Kent. TN25 
SAH. Tel No (0233) 812401. 

Wye College is an equal oppor- 
tunities Employer. (2281)F 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF 
PHARMACOLOGY AND 
THERAPEUTICS 
SERC RESEARCH 
STUDENTSHIP IN 
PHARMACOLOGY 


Applications are invited from good 
honours graduates, or from those 
expecting to graduate in pharma- 
cology, biochemistry or physiology 
this year, to work on the following 
project from October 1984. 


Interactions of neurotransmitter 
receptors linked to adenylate cyclase 


| and inositol phospholipid hydrolysis 


in brain tissue. 


The study will involve techniques 
to directly examine inositol phospho- 
lipid hydrolysis, cyclic nucleotide 


production, receptor labelling and | 
physiology of aluminium tolerance in | assay of endogenous neurotrans- 
| “mitter release from brain slices. 


ultrastructure of chalk and silica | 






Applications (including cv and the 


| names of two referees) should be sent 
| to Dr S R Nahorski, Department of | 
- Pharmacology and Therapeutics, 
Building, 
University of Leicester, University | 
Road, Leicester, LE] 7RH, as soon. 
RADE |. 


Medical Sciences 


as possible, 





| the following projects. 2 


| their role in immunity to bacteria. oS 


| logical science. 


EH89AG. (2294)F 


~ the study of human breast cancer.. 


R K Craig at the above addr 






































‘UNIVERSITY 
OF EDINBURGH. 
DEPARTMENT OF 

_ BACTERIOLOGY. 
MRC RESEARCH 
STUDENTSHIPS 
Applications are invited for o 









1. Phagocyte lectin receptors and 


2. The pathogenesis and ‘cell. 
surfaces of Bacteroides species. 


3. Detection of Hepatitis B by 


| DNA cloning techniques. ve 


Applicants should hold, or expect to. 
obtain, a Ist or upper second class 
honours degree in a relevant pio- 


Applications, including a curri- 
culum vitae and names of two 
academic referees should be sent, as 


| soon as possible, but in any case not. 


later than 20 June, to Professor JG 
Collee, Department of Bacteriology, 
University of Edinburgh M : 
School, Teviot Place, Edinbifth 








PORTSMOUTH | 
POLYTECHNIC | 
Biophysics Group 
SERC POSTGRADUATI 
STUDENTSHIPS IN | 
CHROMATIN RESEARCH — 
Applications are invited from gradu- 
ates or final year students in bio- 
chemistry, chemistry or a related 
subject. The projects will involve the 
study of structure/function relation- 
ships in chromatin at the level of the 
nucleosomal supercoil. pee 


Further particulars and appli- 
cation forms from Professor C 
Crane-Robinson, Biophysics Labor- 
atories, Portsmouth Polytechnic, St 
Michaels Building, White 5 x 
pon Portsmouth. POI 2 

16. 








— (22609F © 

THE MIDDLESEX 

HOSPITAL MEDICAL: © 

SCHOOL ve 

THE COURTAULD ` 

INSTITUTE OF 

BIOCHEMISTRY 
London WIP 7PN 


CANCER RESEARCH 
CAMPAIGN STUDENTSHIF 


Applications are invited for 

research studentship within the CRI 
Endocrine Tumour Molecula 
Biology Group under Professor R | 
Craig for a period of three years fror 
1 October 1984. The project will b 
concerned either with the structus 
and regulation of the hyma 
calcitonin/CGRP gene in thyroi 
and lung tumours, or the applicatio 
of recombinant DNA techniques. i 








Candidates should have o 


| to obtain a first or upper second cla: 


honours degree prefera 


bly. in Bic 














Applications enclosing na 
addresses of two referees shi 
sent as soon as possible to Pro 








EEN MARY COLLEGE 
Jniversity of London) 
OOL BIOLOGICAL SCIENCES 


ERC CASE STUDENTSHIP 


IE MOLECULAR 
JENETICS OF PROTEASE 
-SECRETION IN YEAST 
A pplications are invited for the 


‘above studentship. The successful 
applicant would be expected to 


register for a PhD degree. The project 


in collaboration with Distillers 
Company (Yeast) Ltd, will be jointly 
‘supervised by Dr I Evans (DCL) and 
Professor E A Bevan (QMC). 


Applications with a curriculum 
vitae and the names of two referees 
should be sent as soon as possible to 
Professor E A Bevan, School of Bio- 
logical Sciences, Queen Mary 
EI ANS. Mile End Road, London, 

FANS 


-The School of Biological Sciences 
has: three SERC studentships 
available for work on a wide range of 
gical topics. Further details 
ble from the above address. 
| (2271)F 


UNIVERSITY OF 

pi EDINBURGH 
-DEPARTMENT OF VETERINARY 
PHYSIOLOGY 


SERC RESEARCH 
STUDENTSHIP 


plications are invited for a 
lentship tenable for three years 
October 1984 for studies lead- 
the PhD degree. Projects 
ble are in the area of peripheral 
central somatosensory neuro- 
iology. 


nquiries to: Dr A D Short, 
Department of Veterinary Physio- 
logy, Royal (Dick) School of 
Veterinary Studies, Summerhall, 
Edinburgh EH9 1QH. Tel: 031-667 
LOL ext 5249. (2265)F 


UNIVERSITY 
OF NOTTINGHAM 


~ DEPARTMENTS OF 

: BOTANY AND PHARMACY 

~~ POSTGRADUATE 
: RESEARCH STUDENTSHIP 
=o IN MICROBIAL 
fee BIOCHEMISTRY 
Applications are invited for a 
studentship funded by a University of 
Nottingham Research grant. The 
project involves a study of thep iy si 
logy and biochemistry of proc 
of antifungal antibiotics 
supervision of Dr J: 
(Department of Bot: 
Professor B W Bycroft 
af Pharmacy). 


-Applicants should hive or ex 
10 have a First or U pper Second 










































encing October 1984. 


ications, including the names 
wo academic referees should be 

Dr J F Peberdy, Department 
tany, University of 
ham, Nottingham NG7 2RD. 
02 506101 ext 2204) to arrive 
than June 22nd, oe l 











STUDENTSHIPS 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF 
PHARMACOLOGY AND 
THERAPEUTICS 


TWO RESEARCH 
STUDENTSHIPS 


Two MRC funded Research Student- 
ships are available for work on the 
following projects:- 


(a) The retrograde axonal transport 
of proteins in peripheral nerves 


(b) The kinetics and pharmacological 
effects of primaquine formulations 


The latter project will be carried out 
in association with the Department of 
Parasitology, Liverpool School of 
Tropical Medicine. 


Candidates should possess or 
expect to obtain a first or upper 
second class honours degree in 
pharmacology or related subjects. 


University, PO Box 147, Liverpool 
L69 3BX. Quote Ref: RV/530/N. 
(2232)F 





IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF PURE AND 
APPLIED BIOLOGY 


SERC RESEARCH 
STUDENTSHIP 


Applications are invited for a 
studentship starting | October 1984 
for three years. The work involves the 
experimental and/or theoretical 
study of population dynamics in 
heterogeneous environments using 
insects as subjects. 


Applicants must possess or expect 
a good honours degree in biology of 
mathematics and should send a full 
CV and arrange for two references to 
be sent to Professor M P Hassell, 
Imperial College, Silwood Park, 
Ascot, Berks SLS 7PY. (2293)F 





wWANTVERSITY OF LONDON 


INSTITUTE OF 
PSYCHIATRY 
DEPARTMENT OF NEUROLOGY 


SERC RESEARCH 
STUDENTSHIP 


Applications are invited for a CASE 
Studentship tenable from October 
1984. The position is renewable for 3 
years subject to satisfactory progress. 
The applicant will be expected to 


ie : register for a higher degree. 


The work involves the behavioural 


<| assessment of neuroleptic-induced 
¿i abnormal involuntary movements in 
| rodents. The collaborating body is 
“ace | Organon Laboratories. 

ionours degree in Microbiology | 
and/or Biochemistry. The award is). 
for two years, in the first instance, } 


graduates in a biological science with 


a first class or upper second class.| 


honours degree. 


Applications, with a curriculum | 
vitae and the names of two; 


references, should be sent to Dr P 


Jenner, Department of Neurology, | 
Institute of Psychiatry, De Crespigny | 


Park, Denmark Hill, London SES 





BAF. ‘Closing: date: 29 June 1984, 


(2270)F 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
DEPARTMENT OF 
NEUROLOGICAL SCIENCE 
ANTIGENIC 
DETERMINANTS ON 
HUMAN ACETYLCHOLINE 
RECEPTOR 
An MRC Studentship 





| is available for 3 years from October 


1984 for a Research Student to join 
an MRC Programme Grant-funded 
group of basic and clinical scientists 
studying the cause and treatment of 
myasthenia gravis, to work on the 
antigenic determinants on human 


acetylcholine receptor using bio-: 


chemical techniques and monoclonal 


| antibodies. 


Applicants should have or expect | 
| to obtain a first class or upper second | 
Applications to the Registrar, The 


class degree in biochemistry or 
immunology. 


Curriculum Vitae, including the 
names of two academic referees, 
should be sent to Dr A Vincent, 
Department of Neurological Science, 
RFHSM, Rowland Hill Street, 


| London NW3 2PF by 22 June 1984. 


Further details are available by 
request. (2286)F 





THE UNIVERSITY OF 
SHEFFIELD 


POSTGRADUATE 
STUDENTSHIPS IN 
TUMOUR BIOLOGY 


Applications are invited for 2-3 


studentships in the Departments of | 


Surgery and Virology tenable from | 
October 1984. The successful candi- 
dates will work in the field of tumour 


biology/biochemistry interface. 


i Applications, including curri- | 
culum vitae and the names of two 


referees, should be sent as soon as 
possible to Mr K Rogers, Clinical 
Sciences Centre, Northern General 
Hospital, Sheffield SS 7AU. Please 
quote ref R96/G. (2254)F 





CHARING CROSS 
HOSPITAL MEDICAL 
SCHOOL 
(University of London) 


DEPARTMENT OF 
BIOCHEMISTRY 


SERC Post Graduate 
Studentship 


Applications are invited for a three- 


year studentship leading to a PhD. 
The candidate will work in the 


| newly established Gene Structure and 
Applicants should be recent | 


Function Group, either with Dr L A 


Archard or with Professor A D B | ¢ 
Malcolm. Projects include: Analysis | 
<t of Coxsackie virus; Orthopox virus 
| gene expression; Campylobacter 
-toxin gene expression; Effects of 


DNA conformational changes; Role 


- of nucleosome phasing in trans- 


cription. 


Further details are available by 
telephoning 01-748 2040, ext 2835, 
Or 


| the heterocysts in Cyanobacteria. 


together with the names. and 


| tum size effects. Comparative studies. 


jae Pigase rano re 





“UNIVERSITY OF WARWICI 
POSTGRADUATE _ 
STUDENTSHIPS IN 
BIOLOGICAL SCIENCES 


Applications are invited from: 
persons possessing, or expecting to. | 
obtain in June 1984, a First Class or — 
Upper Second Class ‘Honours Degree 
in Microbiology, Biochemistry, 
Genetics or a related subject to work 
on the following projects: 2 


i) An SERC Biotechnology _ 
Directorate-funded project to work ee 
on the biochemistry and physiology 
of thermophilic aromatic-utilizing 
bacteria with a view to considering 
their potential application in the pro- 
duction of high value added | 
chemicals. The studentship will be 
under the supervision of Professor n o 
Dalton. Hee 


ii) An SERC Quota funded project : S 
to work on the molecular biology on 















The studentship will be under the 
supervision of Professor N G Carr 


Applicants should send a < 


addresses of two referees, to 
Executive Officer, Departmen 
Biological Sciences, University 
Warwick, Coventry, CV4 72 
indicating in which of the above 
studentships they are interested. 


Informal enquiries can be eT 
direct to Professor H Dalton at the 
above address, 0203-24011, ext 6 
or direct to Professor NG Carr, l 
chemistry Department, University 
Liverpool, 051-709-6022, ext 251 
(2268 


THE UNIVERSITY OF” 

SHEFFIELD .__... 
DEPARTMENT OF PHYSICS 
SERC PhD STUDENTSH. 


AMORPHOUS AND 
CRYSTALLINE QUAN’ 
WELL SEMICONDUCTO 


Applications are invited 
graduates with a class I 
Honours degree in physics, ma 
science or electronic engineering. 

a SERC Information Technolo 
award, tenable from 1 October 19 
to study photoluminescence | 
extremely thin layer structures 
amorphous silicon which show quan: 



































of GaAs superlattices will be 
included. The successful candidate 
will join an established group in the 
field of amorphous semiconductors 
especially interested in the study of 
photo- and electro-luminescence, 
using lasers and related opto-elec- 
tronic techniques. This work is being 
extended to include quantum. siz 
effects in both amorphouse silicon 
and crystalline H-V semiconductors. 
The group collaborates acti 
a number of workers ii 


range of solid state tect 
emphasis on. the physi 
materials. 


Applications, | “with: 
vitae and the names of tw 
Professor I G Austin/Dr T 
Department of Physics, The 
sity, Sheffield S10 2TN 4 
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| UNIVERSITY OF SUSSEX 
M.Sc. Courses in Biochemistry 


3 _ The University offers four full-time, one-year M.Sc. courses in 
- Biochemistry: 








GENERAL BIOCHEMISTRY 
BIOCHEMICAL ENDOCRINOLOGY 
GENETIC MANIPULATION AND MOLECULAR BIOLOGY 
PLANT BIOCHEMISTRY AND BIOENERGETICS 


and places (without financial support) on most of these are availabie for 

the 1983/84 session. General Biochemistry may also be taken as a two- 

year course. Research projects are included in each course, related to 

research currently underway in the Biochemistry Group. Applicants 

should normally possess at least a 2nd Class Honours degree or its 

ead in Biochemistry or in a Biological, Chemical or Medical 
cience. 


Research Studentships in Biochemistry 


Several research council studentships are available to support students 
working towards a research degree. One of these is earmarked to an 
SERC grant for immunological studies of plant mitochondrial 
biogenesis (Dr A.L. Moore). Others may support students working on 
any of the research topics of interest to the department, especially: (1) 
d regulation of transcription in eukaryotes, (2) immunoassays for 
=F nuclear antigens, (3) hormonal and nutritional control of growth 
>f and protein synthesis, (4) hormonal regulation of 
| gluconeogenesis and ureogenesis. 
<f Application forms and further details for both MSc. courses and 
__ research studentships may be obtained from the Subject Chairman of 
Biochemistry, School of Biological Sciences, University of Sussex, 
Falmer, Brighton, Sussex BN1 90N. (2297)C 



























Z THE UNIVERSITY OF GRANTS and 

= LEEDS SCHOLARSHIPS 

< MSc IN CARDIOVASCULAR 

E STUDIES WELSH NATIONAL 

d A one-year course which provides a SCHOOL OF MEDICINE 

a eos a be eo (University of Wales) 

> into the human and other cardio- 

<- -vascular systems. The course is open DEPARTMENT OF CHILD 
to graduates in medicine, physiology HEALTH 



































~ and related disciplines and 
= commences | October. 

~. For further details write as soon as 
>= possible to the Course Tutor, Depart- 
<: ment of Cardiovascular Studies, The 
University, Leeds LS2 9JT.(2255)C 


Sn 


Applications are invited for a post- 
graduate scholarship to investigate 
androgen action and metabolism in 
disorders of sexual differentiation in 
humans, using tissue culture and cell 
fractionation techniques. 


Applicants should have, or expect 
to gain, a first or upper second class 





Southampton 
THE related science discipline. 

The scholarship will commence in 

Summer/Autumn 1984 and is tenable 

for a 3 year period (subject to a pro- 


f 


MSc in , expected to be submitted for a PhD | 
Electrochemical degree. 
Science 


Further particulars and appli- 
cation forms (quoting Ref No 
C10/62) may be obtained from the 
Registrar and Secretary, Welsh 
National School of Medicine, Heath 


This SERC approved course 
| offers a balanced combination of 
- lectures and practical work. The | 
X aim of the course is to introduce 
{the techniques and concepts of 
electrochemical science and to 
‘Tb show how they are applied to 
~ practical problems. in the second 
| half of the course students carry 
“oP out a research project. Assess- 
poment is by written examination 
< F and by oral examination of a dis- 
1 sertation. SERC studentships are 
| available for suitably qualified | 
applicants. ie Oe 


0222-755944 Ext 2296) to whom 


June, 1984. (2274)H 





||. FOR SALE and WANTED 








WANTED AND FOR SALE 





med om A | Please inquire for runs or 
| single volumes. sE 
SANTO VANASIA, 


ay AASA 6 erg. 


“20124 MILANO, Italy. 











honours degree in Biochemistry or a 


bationary year). The results are | 


Park, Cardiff, CF4 4XN (Tel No | 
applications should be sent by 25th | 





ber 
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WORKSHOP 
ON 


ABNORMAL CELLS, NEW PRODUCTS 


AND RISK 
Co-sponsored by: 
FDA, NCI, NIAID, NHLBI, and CDC 
will be held on July 30-31, 1984 

at the NIH in Bethesda, MD, USA i 

The meeting has been organized to review issues and data relating to _ : 
the use of abnormal cells in the production of drugs and biologics. F 
Particular attention will be focused on three areas: (1) residual cellular F 
DNA in products; (2) viruses endogenous to the cell substrate; and (3). E 
residual cellular proteins in products. Discussions will follow the f 
presentation of data, and there will be an attempt to develop consensus -f 
in each of the three areas during the afternoon of the second day. The F 
Public Health Service Agencies co-sponsering this workshop believe it: f 
will assist them in making decisions on the support of research, the $ 
regulation of products, and the use of products derived from abnormal $ 
mammalian cells. The meeting is open to the public; however, $ 
individuals planning to attend should.send their name and address to: f 
Mary Ann Tourault, Food and Drug Administration, 8800 Rockville F 
Pike, Bethesda, MD 20205 so that additional information can be sentin $ 


advance of the meeting. 


The salary is Nkr 113.996-192 
apers within June 
Telephone (02) 565290 

















FELLOWSHIPS Continued from p.16 


DEEP DIVE RESEARCH | 
As part of a research program in deep dive medicine The Norwegian 
Research Council for Science and the Humanities has established 5 3-years > 
Research Fellowships within neurology/neurophysiology/» 
thermophysiology, circulation and farmacology. oy 
l .119, depending on qualifications. Further 
information may be gl ig Application and 3 copies of scientific” 
1984 to: Norwegian Research Council for 
cience and the Humanities, Munthes gt. 29, 0260 Osio 2, N : 
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UNIVERSITY OF ABERDEEN 


DEPARTMENT OF 
OPHTHALMOLOGY 
POST-DOCTORAL 
RESEARCH FELLOWSHIP 
Applications are invited fro a post- 
doctoral position to work on the cell 
biology of proliferative retinal 
disease. The work will initially be 
directed towards developing an in 
vitro model of retinal angiogenesis 
using isolated retinal capillary 
endothelial cells grown on vitreous 
explants and artificial collagen 

substrata, 


This is the first of a number of 
research appointments to the new 
University Department of Opthal- 
malogy and the successful applicant 
will be expected to participate in the 
development of the Department. 
Applicants should have or should be 
about to complete a PhD in Moecular 
and/or Cell Biology. 

Salary will be on the Range 1A 
scale for Research and Analogous 
Staff £7,190 to £11,615 per annum 
(under review) with appropriate 
placing. 


The position is available immed- 


| .jately, although the starting date is 
a negotiable, and will be for 3 years. 


Further particulars and appli- 
cation forms from The Secretary, 
The University, Aberdeen, with 
whom applications (2 copies) should 
be lodged by 29 June 1984, * | 
(2282)E 


| (Science and Engineering), 
| 363, Birmingham Bi5 2 

= | | Junei984, 00 se 
Ltd., London EC4Y OHP. Printing: Kingsdale Press. Reading. Berks, member of the St. Ives Group, in association with Godfrey 
Richmond, Virginia, USA. Published by MACMILLAN JOURNALS LTD, 4 Little Essex St reet, London WC2R 3LF. ~~ 7 June 19 


UNIVERSITY OF 
BIRMINGHAM 


DEPARTMENT OF 
BIOCHEMISTRY 

POST DOCTORAL Y 

RESEARCH FELLOWSHIP 












Applications are invited for. the 
above SERC funded post to work 
with Dr S J W Busby ona study of tht 
regulation of gene expression in Ecol 
at the level of transcription anc 
translation. In particular the candi 
date will investigate the role 0! 
messenger sequence in the efficien’ 
initiation of translation. Applicant: 
should have an interest in the appli. 
cation of recombinant DNA tech 
nology. 


Post tenable for up to three year: 
from the soonest possible date. 


Salary on the Research Fellow 1A 
scale £7,190 to £11,615 plus super 
annuation. 


For further particulars phone 02) 
— 1301 ext 2559, quoting referenci 
No formalapplication form. $ e 

x eae ae ading fi i 



















MICRO 84 9- 13 JULY 1984 __ 


at the 


-= Bloomsbury Crest Hotel 


Coram Street, London WC] 





(in Association with NATURE). 


Symposia Subjects will include 


Immunocytochemistry; Microscopy of Interfacial Structures *; Specimen Preparation (Biological); LM and EM—Complementary Techniques; X-Ray 
Microscopy; Applications of Light Microscopy; TEM (STEM) State of the Art”; Environmental, Forensic and Archaeological Microscopy” ; Modern 
Aspects of Microscopy (SEM/LM)? ; Microscopical Measurement (LM); Image Recording and Computer-aided Collection of Data; Proteases and _ 
Peptidases; SEM Optimisation * ; Histochemistry of the Eye; Acoustic Microscopy; In Situ Hybridisation; Biological X-Ray Microanalysis; Cryo _ 
Techniques ~ . 


(* These symposia have a strong SEM emphasis) 


Exhibition of the Latest Microscopes, ete by 

Agar Aids Ltd, Analytical Measuring Systems Lid, Balzers High Vacuum Ltd, Bausch & Lomb Ltd, BDH Chemicals Ltd, Blackwell's Bookshop, BOC Ltd, - E 

Cambridge Instruments Ltd, Cambridge Scanning Co Ltd, Cambridge Technology, Carl Zeiss (Oberkochen) Ltd, Carl Zeiss Scientific Instruments Lid, 

Du Pont (UK) Lid, Bdax UK Ltd, Edwards High Vacuum, EG&G Instruments Ltd, Emscope Laboratories Lid, Galienkamp (Olympus), Graticules Ltd, 

Hakuto International (UK) Ltd, Hexland Ltd, Hitachi Scientific Instruments, Ion Tech Ltd, ISI Sales & Marketing Ltd, Janssen Life Sciences Products, | 

Jeol (UK) Ltd, Kevex Corporation (UK), Labimex Foreign Trade Co Lid, Laboratory Equipment Digest, R A Lamb, E Leitz (instruments) Lid, | 
Link Systems Ltd, LKB Instruments Ltd, Metallurgical Services Ltd (Olympus), Micro-Analysis Consultants Lid, Micro Consultants Ltd, 

Micro Instruments Ltd, Miller Systems Ltd, Nature, Nikon (UK) Ltd, Oxford Instruments Ltd, Polaroid (UK) Ltd, Polysciences Ltd, = 

Prior Scientific Instruments Ltd, Philips, Pyser Ltd, Reichert-Jung Ltd, Science Photo Library Ltd, SPI Supplies, Taab Laboratories Equipment Ltd, 

Toltec Computer Ltd, Tracor Europa, VG Microscopes Lid, World Media Trade Press. E 


Admission to the Exhibition is FREE but by Ticket 


Tickets and further information are available from: 
Royal Microscopical Society, 37/38 St Clements, OXFORD OX4 IAJ 
Telephone: Oxford (0865) 248768/721081 


















| COMPUTED TOMOGRAPHY 
OF THE BODY 
A Radiological and Clinical Approach contents 


ue wie hier She } pe N 
l | Principles with R. Parker;C neral. 
| Janet E. Husband MRCP, FRCR lan Kelsey Fry DM,.FRCP, FRCR Considerations - Technical; General 
re a Considerations—Clinical; The Thorax 
| a oa | - Mediastinum; The Thorax — Lungs, 
-| ‘As a general text on computed tomography this book may be thoroughly Pleura and Chest Wall; The : 
| recomn d.’ British Medical Journal Abdomen Kidney; TheAbdomen— 
oa ae Adrenals; The Abdomen—Liverand 
























|e Amu je 1 book that willbe of use to all those involved in Biliary Tract; The Abdomen~ more 
4 dairi ge : Ae F a Pancreas; The Abdomen = sd 

inn uld be read by all radiologists in training — their Miscellaneous Topics;LymphNode | 

ners will certainly have read it. Disease of the Abdomen and Pelvis; | 

oe British Journal of Radiology The Pelvis; The Musculo-Skeletal 
ew System; The Spinal Cord by P. 

| ‘lwould highly recommend this book to anyone interested in learning CA. Persone The OUa ene. 
__| about computed body tomography.’ Lloyd; Computed Tomography in 

ayes American Journal of Roentgenology Oncology; Index. 


SCIENTIFIC AAY LLAN |e 
| & MEDICAL JAVI Sime £15.00. 0 





Please send orders and requests fo information to: Carolyn Le 
a s Basinastaks Har 


al Division, The Macmillan Press Ltd, Houndmills 








The New Bio-Response MCT* (Mass Culturing | 
Technique) System Delivers Monoclonal Antibod- | 
ies And Other Mammalian Cell Products When | 
You Need Them—From Grams To F Kilog ams. 





the quantity you need... when 
you need it! Additionally, every 
step in MCT production has 
been developed to contain costs 
now and in the future while 


insufficient quantities of 
desired peptides are a key 
cause of expensive research and 
production delays. The MCT 
system is a new and unique 








mammalian cell culturing pro- 
cess designed to overcome the 
obstacle of insufficient quan- 


proteins. 


tities of peptides by delivering 


Quantity 


Unlike conventional cell- 
culture methods, the MCT 
system uses “fresh, free- 
flowing lymph directly 
from a cow. Following 
treatment, the lymph is 
continuously diffused into 
and out.of a roar cham- 
ber. This nearly in vivo 
growth environment stim- 
ulates continuous and opti- 
mal protein secretion. The 
result? Large quantities of 
desired proteins enabling 
you to move to the clinic or 
market... faster. 


Cost 


Unlike conventional cell- 


culture methods that re- 


quire extensive labor forces 
and expensive growth medi- 
ums, Bio-Response's 


= MCT is a closed, 


steady-state system. 

In essence, the MCT sys- 

tem starts with a low- 

cost lifeline-—a feeding 

cow-—and ends with a 

pure, quality product. MCT 
an optimal saa at low 

cost. 


Circle No.14 on Reader Service Card. 


For further iomain. call Bio- 
(415) 786-9744. 


maintaining exceptional purity 
and quality in mammalian cell 


The ability 


Purity © 


Unlike conventional cell- 
culture methods, the MCT 
system is designed to 
insure purity without tedi- 
ous processing, By direct- 
ing the lymph across semi- 
permeable membranes, 
MCT provides both separa- 
tion of media protein from 
desired cell products, and a 
continuous nutrient flow. 
to add or with- 
draw from the chamber to 
maintain optimal cell den- 
sity permits continuous 





harvest of a highly” pure 
| promig. 











Unlike ¢ conventi ional meth- 
ods of production that 


attempt to create biologi- 


cally act ive mammalian cell 
products, the MCT system 
provides a pure-mammal- 
lan product—-an exact copy 
of the original protein. and, 
in the case of non-antibody 
polypeptides, uncompro- 





mised by inappropriate gly- 


cosylation and disulfide 
bond formation. There is a 
growing consensus favor- 
ing products produced in a 
mammalian cell-culture 


_ system, such as the ee 
Bio-Response MCT system, cesso 








A SIMFLE CHECK OT 
EVERY PEAK -> 


WITH LKBs RAPID SPECTRAL DETECTOR 






POSITIVE PEAK 
IDENTIFICATION 
U/ | 
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Sample: 1 ug Toluene, Benzene, 
Napthalene, Anthracene 

Eluent: 70% McOH, 30% HyO 

Column: 2134—214 LiChrosorb 
RP-18 (5 am) 

Flow rate: 2 ml/min 
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A computer generated contour map of the total absorbance pattern after 
separation—colour coded to show different levels of absorbance for each 
isogram. The vertical and horizontal axes are time and wavelength respec- PEAK PURITY CONTROL 
tively. Built-in cursors let you slice through the isogram in both time and 
wavelength domains. 


Peak purity control and positive component identif ication—rapid, 
reliable and surprisingly simple. An analytical follow-through no other 
system offers, with a chromatographic display that delivers you peaks 
in perfect detail. And an innovative slicing technique to track through 
each peak, to generate spectra at lightning speed. Spectral selection at 
peak maxima gets you positive component identity. Automate for 
superimposed spectra and you've got peak purity control. Authentic. 
Definitive. LKB’s Rapid Spectral Detector, powered for instant data, 


2508 


processed for in-depth development, interfaced to access optimal chro- song Se een eae 
matograms and spectra—from storage—through the video screen —to E 00n MNatlgPO, Nas EO 
6.0(75 %), (25% 
hard colour copy. Fast. Easy. Clearly out front. _ : aint ee 5%) MeOH 6%) 
You won’t find a more reliable way to acquire, RP-18 (5 am) 


process and present your chromatographic in- AS 


formation. So why not check it? Get in touch 

with LKB, and we'll send you the brochure that 
gives you a complete check on the very best in == 
modern diode array technology. You'll find it 20am 300 am 
infinitely rewarding, just like our new Rapid 0.05 025° 0 50 40 30 20 10 0 
Spectral Detector. 








BROMMA 


Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel 08-98 00 40, telex 10492 
Main US sales office: LKB Instruments, Inc. 9319 Gaither Road, Gaithersburg, Maryland 20877. Tel. 301-963-3200, telex 909870 (dom.), 64634 (intern.) 
UK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, Surrey CR2 8YD, England. Tel 01-657 8822, telex 264414 
Other sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhagen, Lucerne, Madras, Moscow, Munich, Paris, Rome, Turku, Vienna, Zoetermeer 
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LAB-ANIMAL 
RESEARCH EQUIPMENT _ 


ea — O: consumption Apple-Thermometer 
/ 02 CO, production 


bien © > 
Waele | Respiration Rate 
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—Flowmeèėter 










































* Continuous measurement of O.. CO 
and respiration rate over a 24 hour 
penod m ml/kg of body weiaht/ hour in 
STP units for 1 to g yumals 

Prints results every four (4) minutes 
System adaptable to small or large 





animats 

* Continuous airflow through system 

¢ High accuracy, >98% of full measuring 
range eg. typical error +30 mi 
oxygen’ kq/hour in 3000 ml oxygen 
kq/ hour range 





Computer Controller Animal Cage [l-81 Pi 5 
for 1 to 8 cages Thermex” interface converts Apple Il 


computer into an automatic printing 16 
STARTLE RESPONSE RATS!! 


channel thermometer. Accurac y in 
biological temperature range is 1/10 degree 
MONITOR TESTS 
CARDIAC OUTPUT BY 
FOUR (4) ANIMALS THERMODILUTION 


C. Variety of rectal intravenous, 
implantable probes, etc. available. Stores 
results on the floppy disk. Data transfer to 
host computers via RS-232 line possible 
Cardiac Output 
Computer utilizes 
1/3 and 1/2 mm 
microprobes to 
















Applications: Prints and measures tem 
perature in multiple animals. 
pyrogenic activity, blood 
flow distribution, etc 
































measure cardiac 
Output in rats. The 


FEEDING & DRINKING 
MONITOR 


Eight electronic precision scales 
interfaced to Apple-l| computer 
serve as solid or liquid food con- 
sumption sensors. 





Same instrument 





















works with a variety 
of other catheters 
when measuring 
Cardiac output on 
cogs. horses or 







System produces Surprise stimul ac Ording to a preset 


Program and measures and rer was the force Y the 







response nd the response tirme Tested and recorder t y 
> S d $ 









the system are the force of the tarte reéfiex the react 











humans. Dye dilu 


time and hahitation characternethec: The systen } 





ALSO FULL LINE OF: 


* Animal Activity Meters for 
Rodents, Fish and Insects 

* “Rota-Rod” System with 
Electric Shock Enticement 
for Testing Endurance and 
Coordination 

* TV Camera Video Digitizer 
and Apple-i Computer for 
Animal Activity and Social 
Contact Measurements 
(Automatic!) 

* Animal Tremor Monitor 

* Anxio-Meter for Testing 
Anxiety (according to 
Vogel principle). 

* Shuttle Boxes!!! Comput- 
erized Reflex Conditioners 
for Testing Memory and 
Learning. 


tion densitometer 





equipped with a stimulus pr 

















operatior available as an 
with ifs Own timer option 


APPLE-II INTERFACE FOR EIGHT (8) 
ANIMAL ACTIVITY MONITORS 


Multiple infrared beams monitor animal activity in 
the cage. Different animal cage sizes are available. 
eg. 15” x 15” or tm x Im Apple-i! computer 
computes in periodic intervals the following 
information: total distance traveled number of 
rearings, patterns of movements, separate number 
of stereotypic and ambulatory movements. time 
spent in each of 16 squares of “Open Field." number 
of entries into each Square, left, right and partial 
rotations and histograms for each of the above for 


The System also incluce ; auton ster 


































































each animal 





COLUMBUS INSTRUMENTS INTERNATIONAL CORPORATION i 


mMeasurnng systems 


950 N. HAGUE AVE., COLUMBUS, OHIO 43204 U.S.A. 
PHONE: (614) 488-6176 TELEX: 246514 


Circle No.01 on Reader Service Card. 
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Edited by 
C. R. Ireland and S. P. Long 


The microcomputer is now a 
familiar and essential item of 
equipment in the biology 
laboratory. It is used not only 
for the analysis of data and 
control of experiments but also 
for the control of other 
equipment. This book is a guide 
to the uses and limitations of 
the microcomputer in a wide 
variety of biological techniques. 
The chapters include ‘ready to 
work’ fully explained programs 
in BASIC. This will enable 
readers with little or no 
experience in programming to 
make immediate practical use 
of the information. 


Software 


The programs described in the 
book will be available on floppy 
disc at a reasonable price for 
use with the following computers: 
Apple Ii, Apple lle, Commodore 
PET, IBM P/C, ANACOMP and 
the BBC Micro. 


Microcomputers in Biology Epro? 
a practical approach Ber 


prec 


Contents (provisional) 


An introduction to microcomputers and 
microcomputer systems C. A. Ireland and 
S. P. Long 

Communicating with microcomputers 

R. J. Beynon. 

Data-logging with microcomputers 

K. C. Persaud 

Graphical techniques with microcomputers 
G. A. Place. 

Statistical analyses with microcomputers 
S. P. Long and C. R. Ireland. 
Microcomputers in the analysis of enzyme 
reactions J. Crabbe. 

Microcomputers in nucleic acid research 
R. J. Smith. 

Microcomputers in spectrophotometry 

A. Lodola. 

Microcomputers in chromatography 

R. J. Smith. 

Microcomputers in centrifugation 

J. Steensgaard and D. Rickwood. 
Microcomputers and environmental control 
S. W. Burrage and J. Varley 

Plus appendices. 


Summer 1984; 300pp (approx) 
0 904147 57 6 (soft) 
Around £11/US$22. 


Of related interest 


The Applications of Computers to Research 
on Nucleic Acids ||, Parts 1 and 2 
£30/US$60. 

The Applications of Computers to Research 
on Nucleic Acids |, 

£12/US$24 


(Both books originally published as issues 
of the journal Nucleic Acids Research) 


For more information Circle No.7 on Reader Service Card. 
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Bioscience software 


A new series of instructive and 
imaginative software for the 
BBC Microcomputer. Covering 
aspects of biology, botany, 
zoology and chemistry, the 
programs are suitable for 
teaching at both undergraduate 
and high school level. 


The programs use sound and 
high colour graphics to illustrate 
material which is otherwise 
difficult to teach. They include 
multiple-choice questions. Each 
program is supplied with a 
booklet which provides 
complementary material. 


For more information Circle No.8 on Reader Service Card. 





The first six program a 
es are: si 


j 
SS ee 
’ 







Muscle Contraction A. G. Booth. - 


oH/Titration M. F. Chaplin. 
Protein Structure and Enzyme 
Activity M. F. Chaplin. aa 


Photosynthesis—The Light [7% 


Reactions A. J. Bleasby. 

The Genetic Code and Protein 
Synthesis E. J. Wood. 
Nucleaic Acid Structure and 
Synthesis J.-H. Parish. à 
| 
The programs will be available in 
September 1984. Y 
Price of each program 
£19.95/US$40.00 
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COMPUTER 
APPLICATIONS 
IN THE 
BIOSCIENCES 


Editors: 


R. J. Beynon 
University of Liverpool 


J. A. Peterson 
University of Texas 


This new quarterly journal 
will provide an international 
forum for the exchange of 
information on computing in the 
life sciences. 


Issues will contain: 


@ High quality refereed papers 
describing programs and 
their applications. 


@ Comprehensive and 
authoritative reviews, either 
‘State-of-the-art’ for the 
specialist or introductory in 
nature for the beginner. 


@A ‘communications’ section 
containing short descriptions 
of complete software. 


@ Product news and reviews. 
program use reviews, 
software availability, book 
reviews and literature 
surveys. 


@ A reader enquiry service so 
that readers can order 
programs and request 
information on products 
reviewed or advertised. 


Annual subscription prices 
(4 issues p.a.) 


Individuals £25/US$50 
Libraries £40/US$80 







Call for Papers 

Scientists who wish to submit 
papers for publication should 
contact the appropriate Editor 
below, from whom detailed 
‘instructions to authors’ are 
available. 


UK and Europe: 

Dr. R. J. Beynon 
Department of Biochemistry 
University of Liverpool 

PO Box 147 

Liverpool L69 3BX 

UK 


The Americas: 

Dr. J. A. Peterson 
University of Texas 
Health Sciences Center 
Dallas TX 75235 

USA 







Pilot Issue 


The first issue of CABios 
will be published in 
October 1984. A free pilot 
issue, representative of 
style and content and 
including full aims and 
scope, is available now. 
To obtain a copy please 
circle the appropriate 
reader enquiry number or 
write direct to IRL Press. 
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Sensitive It Is. 
Radioactive It Isn’t. 


The DNA Detection System 
From BRL. 


Until now, only a radioactive label 
could provide the sensitivity required for 
detecting small quantities of DNA. 
Today—with BRL’s new DNA Detection 
System—vyou can visualize even single copy 
NES U ithi nit radioactit ity. 


What the DNA Detection 
System is: 


Sensitive. Using this enzyme-based 
system, together with the nonradioactive 
label biotin-11-dUTP, vou can detect 2 to 5 
picograms of DNA. The key to this extra 
ordinary ability is a polymer of alkaline 
phosphatase, which provides far greater 
sensitivity than horseradish peroxidase. 
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A spiropyran quasi-liquid crystal viewed through a 
polarization microscope. These crystals have the 
properties of conventional liquid crystals, but also show 
Structures not normally seen in such materials, for 
example clusters of non-birefringent microcrystals, 
Quasi-liquid crystals are discussed an p.608. 
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the whole of O; Some symposia are directed specifically to SEM, others have particular lectures which are relevant to. ‘SEM, while: ine Still 
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~ SEM OPIMISA \TION a : The main objectiva of this symposium is “Getting the best out of your SEM". A series of tutorial lectures 


(Thursday/Friday) | from acknowledged experts will cover the instrument, its operation, specimen preparation, image ‘recording 


and image. interpretation. 


“TUTORIALS IN MODERN Ps This Symposium is concerned with microscopy and- analysis of solid specimens. The lectures will not only cover 
ASPECTS. OF MICROSCOPY. SaS ae -$EM methods for the non-expert, but also Quantitative Microscopy, Scanning Optical Wicrókcbpys Acoustic Micros~ 
(Wednesday) : a copy, and Atom Probe Analysis. | | | 
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EXHIBITION _ It is expected that more than 50 companies will be eras their latest microscopes. and ancil Le 


{Throughout MICRO) covering the complete spectrum of instruments and techniques including, of course, Full al Secor 


of SEM equipment. 
Details of the MICRO 84 programme, and further information, are available from:- 
The Administrator, Royal Microscopical Society, 37/38 St Clements, OXFORD OX4 IAJ. Telephone: (0865) 248768/721081 








caren: to over 160, 000 bibliographic references, makne it the world’s most 
comprehensive zoological data base. 













E Information Services. 


| losis * 2100 ARCH STREET © PHILADELPHIA, PA 


ircle No.03 on Reader Service Card. 



















The FRAC-100 will fulfil all your needs for basic 
fractionation requirements. As a conventional 
collector the FRAC-100 is unequaled in 
performance and reliability. Simplicity in design 
(3 moving parts) and control (flexible 
fractionation parameters accessed by a 
multifunction key board) accomplish 
fractionation routines previously attainable 

only with large, expensive instruments. 





The FRAC-100, as a sophisticated 
fraction collector presents unique data 
handling and integration capabilities. 
The input of a 0-10 mV detector signal 
is processed by the FRAC-100 to a 
as a digital display such separation _- 
parameters as peak height, peak width, i 
peak retention and peak area. The 
addition of a PSV-100 solenoid valve 
enables selective f actionation ali oni 

























gare = asa small sophisticated. 
} inexpensive collector, far 





Pharmacia 
Fine Chemicals 


is Op A i . Pha maa Fine Chemicals AB, 
role No.14 on Reader Service Card. rro Box 175, S-751 04 Uppsala 1, Sweden 








Handbook of 
Experimental Pharmacology 
Editorial Board: G. V. R. Born, A. Farah, H. Herken, A. D. Welch 


The Handbook provides critical and comprehensive discussions of the 
most significant areas of pharmacological research, written by leading 
- international authorities. Each volume in the series represents the 
o most informative and contemporary account of its subject available. 





: Vol. 60: Pyretics and Antipyretics 
Editor: A.S. Milton 
Vol, 61: Chemotherapy of Viral Infections 
‘Editors: P.E. Came, L. A. Caliguiri 
~ Vol. 62: Aminoglycoside Antibiotics 
Pea Editors: H. Umezawa, ILR. Hooper 
a o 2 ‘ Vol. 63: Allergic Reactions to Drugs 
a Editors: AL, de Weck, H. Bundgaard 
EU Mol. 64: Inhibition of Folate Metabolism in Chemotherapy 
he Editor: G. H. Hitchings 
Vol. 65: ‘Teratogenesis and Reproductive Toxicology 
ie! Editors: E.M. Johnson, D.M. Kochhar 
Volk. 66: Glucagon I & H 
~ Editor: P.J. Lefebvre 
Vol 67: Antibiotics I & I 
Editors: A. L. Demain, N. A. Solomon 
Vol. 68: Antimalarial Drugs I & H 
Editors: W. Peters, W.H.G. Richards 
Vol. 69: Pharmacology of the Eye 
Editor: M. L. Sears 
Vol. 70: Pharmacology of Intestinal Permeation I & Il 
Editor; T. Z. Csáky 
Vol. 71: Interferons and Their Applications 
Editors: P. E. Came, W. A. Carter 
Vol. 72: Antitumor Drug Resistance 
Editors: B.W. Fox, M. Fox 


Vol. 73: Radiocontrast Agents 
Editor: M. Sovak 














interested in learning more about the 
abook of Ug ba 


am 
me 





Cut and mail this coupon to: | 

a, TA D-6900 Heidelberg 1 | 
or 175 Fifth Avei; New York, NY 10010, USA E 
-ku, Dene 113, Japan 









or 37-3., Hongo 3-chome, Bunk 










a) rin nger-Verlag > 
. Berlin F leidelberg New York Tokyo 





; À Circle Notion = Service Card. ao ye 








authoritative and up-to-date works of reference 


: Caste Des rta Soto 


| Los Angeles & Pasadena: Jobson/ Jordant 


peg Mashy Yos a 
| Orient = aie Doae 923 


NATURE: VOLJO. 14 JUNE 1984 o oos 





| _ EDITORIAL OFFICES | o 





London Office 
4 Little Essex Street, WC2R 3LF 
lephone: {01} 836 6633 Telex: 262024 


n Vashington Office 
lational Press Building, DC 20043. 
_ Telephone: (202) 737-2 335. ne 


Tokyo Office ce 

Eikow Building, 10-9, Hongo t-chome, Bunkyo: ku, NN SS 
Tokyo 113 a 
Telephone: (03) 816 3786/7 Telex: 132121 MSKK 


Editor: John Maddox 
Deputy. Editor: Peter Newmark — 


Editorial Staff: Tim Beardsley, Philip ‘Campbell, 
Isobel Collins, Peter Gambles, Tim Lincoln, 
Naomi Molson, Sara Nash, Geoffrey North, 
Peta Pickering, Miranda Robertson, 

Robert Walgate, Charles Wenz, 

Nigel Williams. 

Washington Editor: Peter David . 

Washington Correspondent: Stephen AAMAS 
Tokyo Correspondent: Alun Anderson. 

Art and Design: Joan Godwin, Joel Chernin, 
Theresa George, Paul Norris, Marie Xeridat. 
Administration: Mary Shechan, Jacqueline Cole, 
Ruth Cutts, Joanna Czechowska, 

Ruth Goldenberg; Sharon Isaacs 

and Penny Walker (Washington) 













Publisher: Elizabeth Hughes 
Marketing Director: Ray Barker 
Promotion Manager: Felicity. Parker 


International Advertising Manager: 
Andy Sutherland. 

European Display Advertising Manager: 
Hilary Turnbull 

Group Classified Advertising. Manager: 
John Barnes — Telephone: (01) 240 1101 


Nature New York Office 
15 East 26 Street, New York, NY 10010 
Telephone: {212} 689- $900 Telex: 668497 


General Manager: Gary Rekstad 
American A i ising Manager: Henry Dale 
Classified A ing Manager: Miss Gene Fein 









> = asile: Peter Drake, 





"Display. Ad vee p peme e e 
New York: Nature Office 
Chicago: Didier & Broderick, Ine. aee 498-4520. 










San Francise 
Inc, —(415) 392-6794 


Harrison/Schuiz, Inc.—-(818) 796-9200 © 


Philadelphia: Daniel Adams Associates, 
Inc.—(215) 353-6191. 

Boston: CEL Associates- 617) 848-9306 
Fort Lauderdale: Brinker- & Brinker— é eee 
771 0064 go. a 
New Jersey: Mary Grunmeier—(201) sr 9018 
France: Francoise 
ee) a: 









‘ee B BV 
aad 2636 15 
















as . : ran poe pe | | 
. Al Registered asa Newspaper at 
yt the JBA Macs Post Office 


aa Val. 309 N No.8 5969 14 tus 984 


industrialized ci 
































NATURE VOL XY M JUNE 1984 











Last weekend’s London summit was not pointless. And the working group on high technology 
should seize the opportunities for building a rational framework for innovation. e 


THe conventional wisdom is that last week’s meeting of the heads 
of government of the seven principal industrialized nations 
accomplished nothing, which is inevitable. If 4,000 journalists are 
sent from all over the world to write about a meeting whose 
proceedings take place in private, frustration and boredom will 
ensure that no other conclusion will be reached. The nine previous 
summit meetings were in this respect no different from last week’s 
in London. If those involved are concerned that they are so 
persistently misunderstood, they have one simple remedy — to 
` hold their private meetings privately, without saying in advance 
‘where or when. Then, people’s expectations would not be 
magnified to the point at which they can only be disappointed. 
On this occasion, for what it is worth, three substantial benefits 
have accrued in the eyes of those began by expecting nothing, the 
chief of which is what the meeting had to say about the 
management of international debt. The issue is neither arcane nor 
academic. Increasingly during the past two years, it has become 
plain that the economic health of all the industrialized nations 
would be seriously if temporarily damaged if a substantial part of 
-the international monetary system should collapse under the 
: hy should it matter to people in comfortable 
ed cc , whose chief interest may be the pursuit 
of some interesting lin ‘enquiry in research, that some distant 
government should be bankrupt? Surely only a few commercial 
banks will suffer? That is only half the truth. The Western 
commercial banks, profit-making and privately held enterprises 
though they may be, are an essential part of the economic system. 
And they fall like dominoes, as the events of the 1930s showed all 
too clearly. The defa iit of a government on its loans, or the 
4 collapse of part of the banking system for that reason or some 
ther, would b a deflationary impulse within the 
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economics, or other 


_the lead in collaborative technical projects 
aoa . Gingerly, it has now gone so far as tò refe 


On East-West relations — and arms control particularly — the 
summit declaration is more encouraging. What seems to have _ 
been agreed is that the seven members differ in their eagerness to 
resume negotiations of some kind with the Soviet Union == and __ 
have been given the assurance of the others that, up toa point, to 
do so will not count as rank disloyalty. The result, ine o 
that governments other than that of the United Sta 
trying their luck in Moscow in three months ahea 
Francois Mitterrand, indeed, announced immediatel 









eS 
summit meeting that he will be off late in the month. “By 
coincidence, the Pugwash organization came to the conclusion, at > 
its Geneva meeting at the beginning of the month, that this was — 
precisely a period when explorations of what might be done on the 
limitation of nuclear arms would be more productive than formal 
negotiations. Part of the explanation is that the United States will - 
soon be in the thick of an election campaign. But that, by itself, is 
no reason why President Reagan should not bring forward the | 
Threshold Test-Ban Treaty for ratification (see Nature 7 June, ~ 
p.482). | Se ee re 


Innovation | rae. 
The third respect in which last week’s meeting deser 
lukewarm applause is that a gathering concerned chie 
world’s economy found time to approve, if only f 
report from the Working Group.on T echnology, Gro 
Employment (see p.572). The credit for that goes to | 
Mitterrand who, in the days o . : 
the French minister for resear 
two years ago with his passi 
















tled the Versailles summit. — 
dvocacy of technological ` 
-onomicsystem—andas _ 
iate problems. And while the 
yorking group has to say 











months ahead. 


The working group, although a creature of the member _ 


governments, is mercifully above the political battles in which 
most of them are habitually engaged. No doubt that will remain 
the case so long as the group is not drawn into arguments about 
gs of monetarist as distinct from Keynesian 


the rights and wrongs 
7 r contentious matters of that kind. Its first 
fens for last year’s summit at 

mber governments to take 
ighteeen.altogether). . 

| .o-sOitie of the ways 
in which the governments which are collectively its m fer make . 
things needlessly difficult for themselves by their ir | 
restraints on technology. This year’s topics are the restraints on ~ 
the free flow of inf ormation ordained by strategic considerations 
chiefly in the United States) and the tendency of all governments 
to believe that they too can excel at everything provided they deny 
themselves and their industries the benefits of technologies 
developed elsewhere, sometimes by tariffs, sometimes by other 
means. While the working group’s report does little more than 
define these problems, is has in the process won for itself a chance 
to contribute to their solution. Rein ERORE i 





instincts, exercised in the prepa 
Williamsburg, were to encour 
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This is why it is not too soon to begin preparing the group's 
report for next year’s summit. The most urgent need is that 
governments should be made to understand the benefits of 
genuinely free trade in technology, a principle too often illegally 
denied even within the framework of organizations such as the 
European Community. Directly or indirectly, all the 
governments represented in London last weekend are in the 
business of supporting technological innovation, always by some 
device for making sure that public purchasing of high-technology 
products should benefit domestic producers. The immediate 
consequence is always to postpone a true division of labour in 
high-technology products, but in the long run, as water finds its 
own level, it is discovered that it is best, and most economical, for 
people to manufacture only those parts of products which they 
can make most economically. Meanwhile, for as long as this truth 


created. Let us hope it seizes them. Cj 


Postscripts on India 


The letters on Indian science on p.578 are the 
first of a flood. They deserve a careful reading. 


WHEN the issue of Nature concerned with the condition of science 
in India appeared on 12 April, the trou bles in the Punjab had been 
rumbling away for at least a year. They have since, as the world 
knows, exploded at Amritsar, and everybody’s concern is that the 
largest true democracy ever will survive intact. Indians are always 
rightly saying that many of their apparently built-in obstacles to 
efficiency and effectiveness derive from their seemingly perverse 
attachment to democratic ways. The view that the maintenance of 
that condition of civility is more important than efficient public 
administration cannot easily be denied, although it is remarkable 
and courageous that India, with all its social problems, should 
have kept to that ideal. — 

The comments which now appear on the survey of the 
condition of Indian science (and earlier correspondence on the 
subject) should be read against this background. Some of the 
more obvious features of the Indian way of running academic and 
scientific institutions, open access at the universities for example, 
are largely consequences of the attachment to democracy. (And 
there is no reason why a state with more than 700 million people 
should not have more than 140-universities.) But when times are 
peaceful, there are good reasons why attention should more 


seriously b to the principles of good administration in these 








institutions. Laboratory directors and vice-chancellors need more | 
fréédom to direct their institutions; their colleagues and their | 








tudents need more tangible goals on which to pin their 

- ambitions. The huge scientific community could itself do much to 

improve the standards to which the majority work — and there 
are signs that such a movement is under way. 

‘The question why India needs a scientific enterprise on such a 
= seale, when there is all that poverty (and now Amritsar) needs only 

the simplest of answers. It has paid off, and handsomely. What is 

called the Green Revolution is a direct consequence of the 


~~ investment there has been in India in agricultural research over the 
ord 


k _» past few decades. | (d 


OPINION 
Solar System unknown 








| other tasks, one technical and one í 
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A modest case for collaborative exploration of 


the Solar System deserves cautious support. 
THE intended planetary explorers of the United States and Europé 
are well on the way to breaking records for advance planning (see 
p.573). Their proposals for a series of collaborative projects 
would, if accepted, put a cap on planetary exploration between 
now and the end of the century, at least so far as the industrialized 
West is concerned. (The Soviet Union and Japan, and perhaps 
other entrants to this expensive way of gathering data about the 
Solar System, may yet have surprises up their sleeves.) By 
comparison, even those who build accelerators are fleet of foot, 
counting themselves unlucky if they spend more than six years in 
building a new, more powerful machine. The reason why 
planetary projects are so long in gestation is that each of them is 
based on a purpose-built space vehicle packed with an array of 
instruments, most of which must be specially designed and 
developed afresh for each intended mission. Costs are also high — 
$500 million seems to be the standard planning unit. So the 
question inevitably arises whether there is not some simpler and 
cheaper way of gathering the same kinds of data. Precisely that 
question has prompted the US National Aeronautics and Space; 
Administration (NASA) to design a series of modular spacecraft 
for future planetary exploration. 

Within the terms of reference of the joint US-European study, 
the report now published is nevertheless as sensible as could be 
expected. Its hallmark is indeed its modesty. One of the 
assumptions is that the programmes of planetary exploration 
planned separately by NASA and by the European Space Agency 
(ESA) will continue, and that the objective of collaboration 
between the two continents should be to mount projects that are 
unlikely otherwise to be carried out, yet which together do not 
carry spending on either side of the Atlantic above the limits likely 
to be found tolerable. Plaintively, the report says at one point that 
it would be easy to add to the list of explorations now proposed (to 
Saturn, six asteroids and Mars) if only there were funds available. 
The sad truth is that there is unlikely to be unforeseen growth in 
the budgets, and that the US commitment to the development ofa 
space station (noncommittally endorsed by last week's summit 
meeting) is likely to take up any slack that may emerge. For the 
time being, at least, planetary exploration will be a poor cousin to: 
the other projects in the two agencies’ portfolios. i 

While the cost of these space missions is necessarily high, the 
more serious difficulty for those who would see more spending in a 
this field is conceptual. Once a decision has been made to launcha 
spacecraft towards, say, Saturn, it becomes impossible not to 
pack the vehicle with a whole array of instruments devised to 
glean information about several unrelated phenomena. The result 
is that these enterprises take on the character of expeditions to 
distant places of the kind mounted by terrestrial explorers in the 
nineteenth century. Two of the projects now suggested (to the 
asteroids and to Mars) have the further disadvantage that they are 
meant as spurs to the development of new technology (solar- 
electric propulsion and robotized exploration), further clouding 
the objectives. It would, however, be a shame if European 
planetologists have to twiddle their thumbs for the next decade 

half, brooding over the meagre harvest of dataESA plans to 
vide. If the worst Comes to the worst, at least the Saturn 
project should be mounted.” | 






















: Meanwhile, planetary explorer: 





yald bend their minds to two 
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probes were simpler, cheaper but also faster — I 
to make observations more t 


trouble now is that the questions they are asking are not pointe 
enough to justify spending in lumps of $500 million. q3 
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UK higher education 


NEWS 


Cheers but no extra 





THE British Government’s ambition to 
redirect higher education towards 
engineering and physical science has been 
at least temporarily set back. At a meeting 
last week (4 June) called by Sir Keith 


Joseph, Secretary of State for Education | 
and Science, it became plain that other | 
spending ministries were not prepared to | 
contribute by a reduction of their own | 


budgets towards the cost of what the 
government is proposing. 

There is particular resentment among 
officials of the Department of Education 
and Science that the Department of Trade 
and Industry, the chief agitator within the 
\ government for an increased output of 
“graduates in engineering and physical 
science from British universities and poly- 
technics, was in the event unwilling to back 
its rhetoric by an agreement that funds 
should be diverted from its own budget for 
a new investment in higher education. 

Last week, Sir Keith Joseph was asking 
for an extra £400 million to be spent over 
the next several years in universities and 
polytechnic n new buildings and 
ineering and physical 













jence departments. The government 


eo -appears to have been convinced that sucha 


development is urgently necessary by the 
well publicized complaints by engineering 
companies that they are having to recruit 
high-technology specialists from overseas 
and by evidence from within the education- 
al system that the provision of buildings 
h and equipment has for ‘several years fallen 
short of needs. 1 Sips at 

In Whitehall, the 
resources towards: 
science educatio: 
been knownas 
a galling echo « 
about confider 
The objective 
decisive and, 
British higher. educa tit 
paration of students for work in high- 


















lan : to. redirect 


é 1970s film 

“The Sting”. 
-to engineer a 
permanent shift in 





technology industry. The estimated cost of | 


£400 million is predicated on the assump- 


tion that it would be better to strengthen | 


and enlarge departments which are already 
str ng i fully E than to take 





id physical | 
eral months | 
inretrospect | 


yn towards the pre- | 


unds for engineering 


accompanied by an increase of student 
numbers at British universities. 

While the meeting seems unanimously 
to have denied Sir Keith contributions 


towards his £400 million, the spending 


ministries represented at the meeting seem 
to have been less niggardly with their 
promise of wholehearted support for what 
he is trying to accomplish. But his direct 
request to the Treasury for the extra funds 
seems to have been met with the familiar 
statement that ‘‘further study” would be 
necessary. 

With time unexpectedly on their hands, 
Sir Keith and Mr Tebbit appear to have 
fallen into a desultory and even nostalgic 
conversation about the advantages there 


The year 2000 





sii 


would be if only UK students were able to 
finance their own residence at universities. 
Schemes for replacing government main- 
tenance grants by student loans, fashion- 
able at the beginning of the present govern- 
ment’s spell of office, have long since been 
abandoned because they offer no immedi- 5 
ate relief to the public treasury. | 

The chance that the Treasury may find 
part of the funds needed to engineer The 
Switch in time for the financial year begin- 
ning in April 1985 is nevertheless not 
identical with zero. But many educationists 
are relieved that the plan has for the time- 
being been derailed, if only because British 
higher education institutions are stillin the — 
thick of adjusting to straitened budgets — 
and bracing themselves for the probable 
erosion of the boundary between universi- 
ties and ploytechnics. Even so, intheafter- . 
math of Sir Keith Joseph’s failure with his 
begging-bowl, the University Grants Com- 
mittee is likely to be devising a system: 0 
carrots and sticks to persuade universities : 
towards engineering education. © 00 Ñ e 














Prophets of doom rejected 


Washington 
A BLISTERING riposte to the pessimistic 
forecasts contained in the Carter Ad- 
ministration’s 1980 Global 2000 Report io 
the President, was unveiled in Washington 
last week by the Heritage Foundation. The 
Resourceful Earth, a new book coedited by 
the late Herman Kahn and a Heritage 
Foundation economist, Julian Simon, says 
the Global 2000 study is full of factual er- 
rors and illogical and misleading 
arguments. The book says the Global 2000 
warning that by the year 2000 the world will 
be more crowded, more polluted and less 
stable ecologically is ‘dead wrong’. Hs 
own happy prognosis is that the world in 
2000 will be less crowded (though more 
populated}, less polluted and more stable 
ecologically. 

The Resourceful Earth concedes that the 
Earth’s population will grow by the year 
2000, but argues that better housing and 
mobility will make life less crowded for 
most people. In the richer countries, it says, 
there is evidence that hazardous air pollu- 
tion has been declining and water quality 
improving. 


ain, the 








energy. And the prospect of running out of 


ed | energy, given the availability of nuclear 
tary of State at the | 
in iene and by 


power, is ‘‘purely a bogeyman’’. 
The body of The Resourceful Earth con- 


sists of a score of papers examining trends | 
| in population, agriculture, climatic trends, 
| energy, health and the environment. Ac- 
| cording to Simon, many of the authors 


ar | were incensed by the “bad science’’ of 


Global 2000 and were determined to put 
the record straight. Although almost all the | 


| data and, when it did, used them badi oe 


In rich and poor countries 4. 
alike, life expectancy is increasing and 
average income has risen. Acid r 
T book says, is troubling, but could be 
mitigated by a greater reliance on nuclear 





papers are robustly optimistic, the in- nia 
troduction (which appears under thenames == 
of Simon and Kahn although Kahn ap- 
parently died before he was able to make a 
significant coni bufon, warns gainst 





















Mainly, eae Maik Ti Ree thé: repo! Lt 


the President failed to use enough. trend. 








Thus Global 2000, analysing data up to 
1975, predicted continuing stagnatio 
the size of the fish catch. The Resoure 
Earth claims that data for the years 
1975 show the fish catch resuming its ton 
run upward trend. wg 
If there is one thread of pessimism in The ane 
Resourceful Earth it has to do with people = 
rather than nature. Several papers com- ~ 
plain that science and ingenuity offer ready 
solutions to many of our problems but 


- humans and their institutions have a habit 
| of botching them. A persistent example of- 


red in the book is the reluctance of 

§ embrace nuclear power. Ina 
dissentit tatement at the end of the book, 
one author, University,.oLePittsburgh 
physicist Bernard Cohen, says he cannot 
share the optimism of his fellow aut 
because science has come under “‘irra 
attack by the forces of ignorance”. Public 
fear of nuclear power, he argues, is the 
fault of the media, ‘‘a group of scientific il- 
literates drunk with power, heavily in- 
fluenced by irrelevant political 
ideologies”. Peter David 
The Resourceful Earth: A Response to Global 


2000 will be PUDSE in ie s Bee 
Blackwell. : | a 

























British polygraphology 


NEWS 


Getting into business 


THe polygraph or lie detector has arrived in 
Britain. A recently established company, 
Polygraph Security Services Ltd, now 
offers polygraph tests as a means of 
combating employee theft, and boasts that 
in at least one case now pending, charges 
of theft have been brought after ‘‘identifi- 
cation’’ of a suspect with the polygraph. In 
another instance, a man who failed a poly- 
graph test was later found to have previous 
undeclared convictions for theft and was 
consequently dismissed. 

Directors of Polygraph Security Services 
recently appeared before the House of 
Commons Select Committee on Employ- 
ment, which is conducting an inquiry into 
the implications of the polygraph for 
industrial relations. The company declined 
to identify its clients to the Commons 


committee, citing commercial con- | 


fidentiality. The committee accordingly 
threatened to use its legal powers to obtain 
such information, and the company’s 
directors are now taking legal advice. 

The chairman of Polygraph Security 
Services is Sir George Terry, a former chief 
constable of Sussex police. The other 
directors are Mr Jeremy Barrett, Mr Philip 
Tite and Mr Martin Seligson. Tite and 
Seligson are directors of Triangle PD Ltd, a 
printing and publicity company, and 
Seligson is also a director of Beneficial Arts 
Ltd, a company which distributes films of 
horse races to social clubs for fund-raising 
events. Barrett is director of a market 
consultancy company. None of the direct- 
ors has previous experience of polygraph 
tests. Their training has been through the 
Zonn Corporation in the United States, of 
which Polygraph Security Services des- 
cribes itself as the United Kingdom 
extension. 

Seligson claims that with the polygraph, 
companies can cut employee theft by 80 per 
cent. Some client companies are already 
conducting tests on job applicants, and an 
existing workforce can be screened regu- 
larly through the ‘‘honesty maintenance 
programme’’ offered by Polygraph 
Security Services. Seligson stresses that all 
_ tests are voluntary, although it is unclear 
how such a screening programme could 
possibly be effective if a substantial pro- 
portion of the target groups declines to be 
tested. 

Seligson4s unimpressed by the serious 
serie Ahat have been raised about the 
-cHiability and efficacy of the polygraph. 
de says that Professor David Lykken, who 
wrote a critical article on polygraphic inter- 















(307, 681; 1984) is ‘‘totally debunked” and 
“generally discredited”. The authority for 
this judgement is a paper by D.C. Raskin 


a and J.A. Podlesny published in the | 


: Psychological Bulletin in 1979 (86, 54-59). 
» empirical.. issues separating those 








rogation published in Nature in February | 


au ors. from Lykken boil down to what 


sort of data is valid for an objective test of 
the polygraph’s effectiveness. Lykken 
charges that Raskin relies on studies using 
pre-selected polygraph traces which had 


previously been scored ‘‘correctly’’ by a 


polygraph examiner, so providing evidence 
only that trained polygraphers tend to 
concur in their judgements, 

UK polygraphers are not above 
circulating (non-attributably) rumours to 
the effect that Lykken administered or 
undertook to administer a polygraph test 


to Mr John de Lorean, now on trial in | 


California, on behalf of de Lorean’s 
defence lawyers. Lykken’s version of this 
story is that the judge in de Lorean’s case 
threw out all polygraph evidence after 
seeing two directly contradictory poly- 
graph reports: one, from the Federal 


"Canacatut lations! You've Failed —you're a 
compulsive. liac— uttecly dishone st—.- 
just me signe we need for our 
polygraph Azvelopment” 


progra mmel® 7 


se 
tee. 







Bureau of Investigation, concluded that 
the accused was deceptive, while the other 
by Raskin concluded that de Lorean was 
truthful with 99 per cent probability. 
Lykken denies ever giving polygraph tests 
himself except as demonstrations, and says 
his total involvement with the case was one 
telephone call. 

While Polygraph Security Services is 
already advertising its services in Britain, 
little is known about plans to introduce 
polygraph testing for those employees at 
the Government Communications Head- 
quarters in Cheltenham who have access to 
highly classified material. The British 
Security Commission recommended last 
year, after a review of the Prime spy 
scandal, that polygraph testing should be 
considered for such employees. It is 
thought that about 20 senior Cheltenham 


» personnel volunteered to take part in a pre- 
‘test of the polygraph in London, although 
«There are | development of power sources free of 


-between th ë és 









some others may have d 
no longer any formal 
majority of em: 
cations headc 
unions, but there 
immediate plans to extend the test. But, 


‘ the communi- 
and: the civil service 





according to one account, it has already — 
| been decided in principle to make 


polygraph tests mandatory for all 
employees at Cheltenham during their 
probationary period, and for those with 


access to highly classified material at each - 
| quinguennial: security review. 


Tim Beardsley 
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Summit science 


Leaders espouse 
collaboration + 


THE London summit last week gave an un- 
contentious blessing to a report of the 
Working Group on Technology, Growth 
and Employment — the gathering of senior 
government science advisers which owes its 
existence to President Francois 
Mitterrand’s initiative at the Versailles 
summit two years ago. But the secret of the 
report’s easy passage seems to have been 
that its references to contentious issues 
were cast in the most anodyne language. 

On the perennial bone of contention 
between the United States and the six other 
summit countries — the control of Western 
technology by means of the strategic 
embargo — the report says only that 
strategic considerations have persuaded 
governments to seek to control technology. 
and that, ‘‘nevertheless’’, the exchange of 
information and the encouragement of 
trade are necessary for the maintenance of 
technological innovation. 

Dr Robin Nicholson, Chief Scientific 
Adviser at the UK Cabinet Office and ex 
officio chairman of the working group 
during this calendar year, explained earlier 
this week that the immediate objective had 
been to win the acknowledgement of 
governments that strategically inspired 
restraints on the free flow of information 
and products were a potential impediment 
to the pace of technological innovation. He 
said that the issue may be explored in 
greater detail at the two sessions of the 
group due to take place before the next 
summit, next year in West Germany. 

Other impediments to innovation such 
as “‘non-tariff’’ barriers to international 
trade are also referred to in the report, 
which acknowledges that these often stem 
from the ‘‘wish of countries” to be self- 
sufficient in high technology. Nicholson is 
especially keen that the working group 
should encourage uniform and acceptable 
standards for the new technologies. 

The working group’s chief initiative 
since the Williamsburg summit a year ago 
seems to have been to urge the need for 
international cooperation on environ- 
mental problems, especially acid rain, 
radioactive waste disposal, the marine 
environment, the greenhouse effect and 












yótentially harmful emissions. The 
working grou rejected the notion that 
ye added to the list 












NATURE VEL WY 14 JUNE 1984 


Kingdom volunteered to take the lead). 
According to Nicholson, the robotics 
projects, led jointly by France and Japan, 
were a particularly rich source of 
> spollaborative research projects, not merely 
“in production technology but in mining, 
firefighting and agriculture. 

The emergence of the working group as 
an institutional part of preparations for the 
annual 
nations is something of a surprise. 
Nicholson explained this week that its 
objective is largely to identify areas where 
collaborative research may be useful, 


whereupon it will be for individual 


countries to take the lead in fostering 
particular collaborative projects among 
summit members. On his view, some of the 


areas thus identified are certain to be more 


- fruitful than others, while everybody seems 


summits of the industrialized. 


NEWS 


reconciled to the notion that some projects 
will fail for lack of interest. 

Even so, Nicholson concedes, there may 
be a need that the working group should 
monitor the fate of the projects which its 
recommendations stimulate. As things are, 
proprietary information arising in the 
course of collaborative research projects 


would remain the property of the partner | 


paying for the research concerned, while 


information about the conduct of research | 


projects would not necessarily be passed to 
all interested parties. During the past year, 


however, it seems to have been agreed that | 


membership of these partnerships should 
be extended to countries not among the 


seven summit-going states, with the pro- | 
viso that outside membership should be | 
allowed when the interests of the project | 


would thereby be served. E 





Planetary exploration 





A WORKING party of European and US 
planetary scientists has made a strong bid 
for a modest layer of frosting on the cake 
now promised by their respective agencies, 
the European Space Agency (ESA) and 
the US National Aeronautics and Space 
Administration (NASA). The three pro- 
jects, originally made public at a meeting 
organized by the vorking party at 
Heidelberg in West Germany at the end of 
April, were put to a mee ngo of the oaths 
Society in Londo he 
working group’s h 
by last weekend’s è 
not been borne out. P 

ne essence of the recommendations 
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‘for orbit about 
en route a probe 
é surface of Titan, 
Saturn, measuring 


atmospheric and aerosol constituents of 
the atmosphere of Titan on the way. The- 
object would be launched in 1992. 

a : xploration of up to Lous ae 


-Plans for US-Europe launches 


_ technical challenges to those working on 


the project, for which no launch date has 
been set except that it should be before the 
end of the century. 

The projects singled out by the working 
group for priority were originally chosen so 
as to provide opportunities for a measure 
of independent collaboration in which 
respective US and European halves would 
be developed and built independently. The 
working group says that the first two pro- 
jects could be contained within the budgets 
now foreseen for planetary exploration by 
NASA ($300 million a year) and by ESA, 
but that the third, perhaps the joker in the 
pack, would require that extra funds 
should be set aside. 

The working group report emphasized 
that the three projects are intended to be 
complementary to the existing planetary 
programmes of the two agencies. NASA’s 


future strategy is now tied to the develop- | 


ment of a series of modular low-cost space- 


craft that would be launched from the | 
shuttle by a Centaur rocket. ESA’s pro- | 


gramme depends on the use of Ariane. The 


working group also draws attention to | 
opportunities for closer coordination | 
between the existing plans of the two | 
agencies, the coordinated launching of the | 
US and European Martian satellites due to | coc 
| decade. The. actors in the first stage are 


be launched in 1990. 


The working group was established 
| indigenous natural uranium Only the 
| Tarapur plant is Using tH 


F Taen and the Space Sciences Board | 
| uranium now being supplied by Fr 


of the US National Academy of Sciences, 


each of which has endorsed the recom- | 
| its nuclear power capacity at the turn of the 


mendations. The test of its success will, 


| however, lie with the responses of the | 
operating agencies, NASA and ESA. The | 


omi | former plans in the next several years to 


-ci goncentrate on the development of low- | 
| cost planetary exploration as part of its 
yu 7 eon th | Observer programme, while European | 
Ma for the collection of hi inet a | 





logical data. Both the landing craft and 








the yua would present laced 


planetologists grumble. that they are poor 
cousins to the astronomers in ESA’s 


foward DAA MIGS tt saith atte paste bed atic BOy 








Indian nuclear power 


Breeder not 
so fast 


| New Dethi 


THE Indian Atomic Energy Commission _ 
has announced that a tiny reactor using - 
uranium-233 as fuel has become critical at 
the Bhabha Atomic Research Centre 
(BARC) at Trombay. This is cheering news 


| at a time when the nuclear. power 


programme is under fire for time and cost 
overruns in commissioning nuclear 
reactors, frequent breakdowns. and a 
meagre output of the necessary heavy 
water despite investment. 

The reactor concerned is the only 
operational reactor in the world fuelled by 
uranium-233, aman-made fissile isotope of 
uranium produced by irradiation of 


| thorium in a reactor. The fuel has been 


produced BARC using a research reactor = 
and reprocessing plant. oe 
For India, the importance of the devel- 
opment lies in its long-term nuclear power 
programme which is to be based on 
conversion of thorium to uranium-233, | 
BARC has now shown that this may be 
feasible. The southern Indian states of 
Kerala and Orissa sacle P of thorium 





Eventually: reactors with urani 3 fi je < fos 
may be used asa abasis for a f uel cycle whic h eo 





The tiny reactor Kamini developed a at : oe 
eater uses about 500 grams of Io 








for this rea 
supplied the f t 
through because of at India calls the 
“prohibitive price’? demanded by France. 
India’s second phase of atomic power 
development is based on the fast breeder 
system. Feasibility studies and a design are 
nearing completion for a 500 MW sodium- 
cooled reactor to be set up in the next 








based .om’pressurized heavy water and 










India has set a target of 10,000} 





century, which would meet 10 per cent of 
the expected total power requirements. 

Five projects are already in operation, with 
a nominal capacity of 2,240 MW, and two 
more under construction will add another 
510 MW..But, with a gestation period of as 


| much as 10 years, there are doubts about 


whether India will meet the ambitious S 
MW target ae Sunil Saraf N E 








US agricultural research 


Congress digs in heels 


Washington 

Hopes for an expanded programme of 
competitive grants for agriculture have 
been dashed once again by Representative 
Jamie Whitten (Democrat, Mississippi), 
chairman of the powerful House of Rep- 
resentatives Appropriations Committee. 
Last week, the House went along with 
Whitten’s wishes, approving major cuts 
that his committee had made in the Reagan 
Administration’s request of $50 million for 
the programme. The new initiative in bio- 
technology under the programme was cul 
from $28.5 million to $10 million. Plant 
science was cut to half of its present level of 
$15 million (also the amount requested for 
next year). Also missing from this year’s 
$34,000 million agriculture budget is $5 
million approved last year for graduate 
fellowships. 

Representative George Brown, who has 
been fighting year after year to increase 
support for competitive grants above the 
$17 million level where it has stagnated 
since its inception in 1978, offered an 
amendment on the floor of the House to 
restore $10 million of the cuts to biotech- 
nology. The amendment was rejected ona 
voice vote. According to Brown’s staff, 
there was little hope that the amendment 
would be passed (‘‘no-one bucks the chair- 
man’’), but Brown believed he had made 
his point and may have garnered some 
quiet support that will help when the bill 
goes to House-Senate conference. The 
Senate, which has yet to act, is likely to 
agree with the full administration request. 

Supporters of an expanded programme 
of competitive grants had been optimistic 
this year. Many longstanding opponents — 
notably the land-grant colleges, which had 
tended to view competitive grants as a 
threat to their assured non-peer-reviewed 
federal support — have recently changed 
sides. The association of land-grant 


colleges produced a report last autumn | 


recommending $70 million for competitive 
grants for biotechnology and two US 
Department of Agriculture (USDA) 
research advisory panels had made similar 


recommendations. The President’s science 





adviser, Dr George Keyworth, has also lent | 
“7 principle apply to computerized health 
data wherever they occur. A government 


his personal backing. re i 
During the floor debate; Whitten twice 
dismissed basic research as ‘‘finding 
















eet? 





~~ the earmarking clearly reflects the 
- committee’s desire to rescue congressional 





pet projects known as ‘‘special grants”’, 
scheduled to be phased out this year. 
USDA has never cared much for special 
grants, a programme of mandated research 
that gives the department little flexibility. 


The special grants programmes in soybean 


research, acid precipitation and alcohol 
fuels were transferred in their entirety to 
the competitive grants plant sciences 


section, a total of $1.7 million in 


earmarked funds; two new sections were 
created in the competitive programme to 
accommodate $3.5 million in special grants 
programme on aquaculture, gypsy moths, 
boll weevil and pine bark beetle; and, 
apparently for lack of a better place to put 


it, $250,000 for ‘‘sugar cane in Hawaii” | 
was inserted in the biotechnology section. ! 


Data protection 


UK bill improved and approved 


THe British Government’s Data 
Protection Bill, substantially modified 
during its committee and report stages, was 
finally approved by the House of Com- 
mons at its third reading last week. The bill 


sets out to provide for the first time the | 


statutory right of access for individuals to 
data that are held about them in machine- 
readable form, while at the same time 
preventing unauthorized disclosure of such 
information. Despite the highly con- 
tentious exceptions to these general 
principles, the official opposition declared 
itself content with the concessions offered 
by the government last week and did not 
oppose the bill, which now returns to the 
House of Lords. It is expected to gain the 
Royal Assent within the next month. 

One of the most controversial clauses of 
the bill would have allowed medical data to 


be passed to outside agencies such as the | 
Inland Revenue or the police by people | 


other than health professionals. A medical 
inter-professional working group under 
the chairmanship of Sir Douglas Black has 
drawn up a code of practice to govern the 
disclosure of medical information, and 
after extensive lobbying the government 
has now accepted that these should in 
















based on those ti 
Service, wherever th 
thought necessary. 
Universities and examination boards 
had been worried that the bill’s provisions 
would allow examination candidates access 
to their marks even before the examination 
results were officially published. That 


d within the Health 


| anomaly has also been rectified; candidates 
for examinations will in future be allowed- 
-access to their marks only 5 months after 


the request, or 40 days after the examin- 











ese precautions are- 


pean Convention on Data Protec 
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Taking into account the cuts and ear- 
marking, the competitive programme 


received only an additional $497,000 in 


unrestricted funds over the current appro 
priation. y 
Meanwhile, there are increasing signs 
that USDA’s in-house research arm, the 
Agricultural Research Service (ARS), is 
taking biotechnology seriously. Both 







| Beltsville, ARS’s chief research centre, and 


an ARS laboratory in Albany, California, 
are to become centres for biotechnology. 
Beltsville officials are speaking of quad- 
rupling research in this area over the 
coming years. The Albany laboratory will 
also receive increased support, and colla- 
boration is planned with researchers at the 
University of California at Davis. Most of 
the new effort will apparently be supported 
by a shift of existing funding, since ARS is 
to receive only a 3 per cent increase in next 
year’s budget. Stephen Budiansky 






ation results are published, whichever 
should be sooner. Some university vice- 
chancellors had, however, hoped that 
candidates’ access would be delayed until 
90 days after publication of results, to 
discourage frivolous challenges to the 
accuracy of examination data from dis- 
gruntied candidates. 

Other modifications incorporated 
during the bill’s committee and report 
stages will allow individuals access to data 
held about them for the purposes of 
immigration control, and will allow 
individuals damaged through inaccurate 
data the right to compensation for damage 
and distress. The data protection registrar | 
is to play a more active role than was 







originally foreseen, promoting codes of — 


practice among data users and pursuing © 
complaints raised by individuals about 
whom data are held. 

Blanket exemption in the bill’s earlier 
version that would have allowed the Home 
Secretary to exclude any or all government- 
held data from the bill’s disclosure 
provisions have been considerably 
curtailed, and small data banks held solely 
for payroll accounting purposes will not 
now have to register under the act. 

Last week’s debate was remarkable for 
the unaccustomed affability and cordiality 
isplayed between the Home Office 

ister involved, Mr David Waddington, 
and the speakers of the official opposition, 
























Kilroy-Silk and Mr 
siperal Members of 


with the changes that have been ma 
bill will allow Britain to ratify th 
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NSF moves 


NEWS 


Knapp replaced by Bloch 





Washington 
ADR Edward Knapp, director of the 
National Science Foundation (NSF) for the 
past two years, will leave his post at the end 
of this year to return to Los Alamos. This 
was announced earlier this week by NSF, 
which said that Knapp will be succeeded by 
Erich Bloch, now an IBM vice-president, 
who has spent all his working life with the 
company. 

Knapp’s departure is unexpected. 
During his spell in Washington, he has 


secured for NSF some of the most sub- | 


stantial budget increases since the 
foundation’s inception. Over the past two 
years, the budget has grown by more than 
35 per cent while NSF's traditional 
involvement with science education, 


_ virtually eliminated during the early years 


of the Reagan Administration, has been 
=: partially restored. 

Knapp has been an energetic and stout 
defender of the NSF’s role in the support of 


British nuclear power 





has announced 
[00 million study to 
find ways of T reducing radioactive dis- 








o zero as sibie. The decision was 
announcec last week by Mr Con Allday, 
the company’s chairman, who stressed that 
the new policy was in direct response to 
public concern about: radioactive dis- 
charges. from its. reprocessing . plant at 
í Sellafield (formerly 





levels than h hitherto planed”. oe 

The company has been through ¢ a adis 
astrous few months for public relations. 
Last November, a television documentary 
drew attention to.a-locally increased 
incidence of leukaemiain children near the 
reprocessing plant at Sellafield and raised 







the possibility of a link. with the plant, |. 


which emits Europe’s largest routin 
charge of radioactivity into: 
ment. The Ponien 






ile A 
rly. ief Medical Adviser to the 
iment of Health. 
Days later an unplanned discharge of 
radioactively contaminated chemical 
sol nt led to public warnings from the 
E rnment to avoid the use of beaches in 
rea, & ‘warning recently withdrawn. 












basic science but also a loyal member of the 
administration. One striking feature of his 


tenure of his office is that the posts of | 


deputy director and of the three statutory 


for the development of the micro- 
processors for the IBM 360 series of com- 


senior management positions with the 


company and is at present in charge of tech- | 


nical personnel development. 


Bloch was bornin Germany i in 1925, aid | 


became a US citizen in 1959. He is a 


member of the National Academy of | 


Engineering. The director of NSF is 


appointed by the US President for a six- | 


year term, which appointment is subject to 
confirmation by the Senate. 
Stephen Budiansky 


ites contamination bullet 


The company’s conduct was later criticized 
in swingeing terms by the Department of 
the Environment. More recently, transport 
unions have threatened to block the 
delivery of spent fuel to the plant unless the 


-levels of discharge are reduced. 


Discharges of both beta-gamma emitters 
and alpha-emitting actinides from the 
plant are down to a tenth of the peak levels 
of the early 1970s. Sir Denys Wilkinson, 
until recently chairman of the govern- 


ment’s Radioactive Waste Management | 


Advisory Committee, said last week at a 
lecture organized by the Science Policy 


Research Unit of the University of Sussex | 


that radiation dose to critical groups result- 
ing from the Sellafield operations was 


“higher than one would like it to be’’. The | 
original fluorescein experiments on which | 
the discharge policy was based were | 


planned and executed in 4 months, Sir 
Denys recalled. There had been no full 


evaluation of the consequences of the dis- | 
charges, and unforeseen developments | t 


such as the lowering of plutonium safety 


limits and the ‘‘uncooperative attitude” of | 
Sea in-returning radioisotopes to | 
land instead of dispersing them into the | 
-į ocean had reduced. margins of confidence. 

| In addition, discharges were unnecessarily 


the Irish: 








high in terms of what is easily achievable. 
Discharges from the French reprocessing 
plant at Marcoule, for. example, were sub- 
stantially than that at Sellafield. Sir Denys 
was nevertheless convinced that nobody 
had suffered any significant extra hazard as 
a result of British waste disposal practices, 
and he expressed doubts as to whether 
Sellafield could achieve the low emissions 


| teened at Marcoule. 





ation = 
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IOS closes lab 


THE UK Natural Environment Research 


Council (NERC) has decided that thereisa 
prima facie case for closing the Taunton — os 
site of the Institute of Oceanographic ae 


Sciences (IOS), which carries out research 


in sedimentation and applied wave. 
assistant directors at NSF, vacant when he | 
was appointed, have remained unfilled. 

Bloch is by background an electrical | 
engineer who, unlike his predecessors, has | 
no doctorate. At IBM, he was responsible | 


mechanics. The council’s governing body 


was due this week to consider the- | 


implications of eaten the work to 
other NERC sites. 
Staff at Taunton are unimpressed with 


_ the way NERC has handled the matter: The — oS 
| director of IOS, Dr Anthony Laughton, 
puters. Since 1968, he has held a numberof | 


was said to have promised speedy decisions 


- on the future of the site almost a year ago. 


Dr Laughton declined last week to make 


| any comment about the proposed closure. _ os 
Staff at Taunton do not see where they 
- can go. NERC’s budgetary problems mean. 


it cannot put up any new buildings, and 
there is not thought to be room for existing - 
Taunton staff at the IOS site at Bidston on 
Merseyside. Most would prefer instead to. 
move to the site of the Institute for Marine 
Environmental Research at Plymouth. 
The accommodation problems will 


probably be solved by the resignation of T 


many of the staff. Scientific manpower at 


Taunton is already much less than it was in ee 


the past; the decreased emphasis | onw 


source may be. part: of th 
Finance from the Depar men 
has been: Sorters cia oe. 


the ype tog bar itself. 
The recent events at Sellafield have post- 


poned any possibility of a public offering 
l of shares i in BNF, which are at present all 
held by the government. There have also 






en extensive changes made at senior 
anagement level. 

The company is still awaiting the 
decision of the Director „of Public 
Prosecutions on whether nè 










November ’s debacle. Possible. 
ments of. operating licences were 
wards reported by the Nuclear Installations 


Inspectorate. Tim Beardsley 
eaten OSAERA AARE 
Correction 


THE limit for nitrogen oxides in ambient air 
proposed in the EEC directive (Nature 308, 
309; 1984) should have read 200 en not 
















sacar to cie 
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Mercury pollution 


NEWS 


Dry battery alarm in Japan 


Tokyo 

A Paik of headphones and a portable 
cassette player have become pretty much 
standard street wear for young Tokyoites, 
but they are creating a new problem for the 
Japanese Government — how to dispose 
safely of the batteries that power them. 


Alkaline-manganese batteries have been | 


favoured because they provide a stable 
voltage and last a long time: the trouble is 
that they contain a lot of mercury which, it 
is feared, is finding its way into the environ- 
ment from municipal rubbish tips. _ 

The risk of mercury poisoning raises 
strong emotions in Japan. In 1956 and 
$964; major outbreaks of Minamata 
disease, caused by eating shellfish con- 
taminated by methyl mercury in factory ef- 
fluent, left thousands of victims, some 
paralysed from birth. 

Public protest over risks from batteries 
led this week to an announcement of sub- 
sidies and tax incentives for industry to set 
up a special non-profit research and 
development association to find ways to 
make mercury-free batteries. This move 
has, however, neither been welcomed by 
industry nor been seen as much more thana 
sop to public opinion by consumer groups. 
Industrial companies have been trying for 
years to take the mercury out of batteries — 
simply because it is so expensive — but 
without finding a suitable alternative. 

Japan is now manufacturing a staggering 
2,850 million dry batteries each year. 
About two thirds of these are for domestic 
use and the 70 tons of mercury they contain 
— mainly in the alkaline-manganese bat- 
teries and “‘button’’ type mercury batteries 
used in cameras — end up in domestic rub- 
bish, most of which is used in landfill in 
2,500 municipally owned sites. According 
to calculations at the National Institute of 
Environmental Science, the research arm 


of the environment agency, these sites will | 


have an average battery-derived mercury 
content of about three parts per million — 
a thousand times higher than the maximum 
mercury content permitted in water sup- 
plies — on top of a small amount of mer- 
cury from discarded fluorescent lighting 
tubes and other sources. 
corrode, the mercury will,enter the en- 
vironment and an unknown fraction of it 
will be conyerted into organic mercury by 
bacteria ahd Jéached away. Most sites are 
small sand are converted to other uses 
n five years; being municipally own- 
i, they are often converted to public use, 
- including the building of schools and 
playgrounds. The risks are much less from 
the small fraction of rubbish that goes to 
_ incinerators rather than to landfill. In- 

- ¢inerator temperatures are far above the 













-o boiling point of mercury and the concen- | 


` tration of vapour reduced into the air is low 
“ much lower than the World Health 
Organization guideline levels although still 





As the batteries |. 


| at the same time, the technological level of 
the C inese could be too low to deal with 


thousands of times greater than natural 
background levels. 

Consumer groups are now donandi 
that batteries be collected and disposed of 
separately from other rubbish. Already 
about 400 of the nation’s 3,300 munici- 
palities have passed local regulations re- 
quiring citizens to deposit their used bat- 
teries at special disposal centres rather than 
in household rubbish, and that number is 


expected to grow to 800 by the end of the | 
year. All the local authorities can do with | 


the batteries at the moment, however, is to 
store them until some safe disposal method 
has been found. 


Radioactive waste 


Mongolian alarm at China’s plan 


CHINESE plans to act as a ‘‘nuclear 
dustbin’’ for Western countries have 
provoked a sharp reaction in the 
neighbouring Mongolian People’s 
Republic. Alarm was crystallized last 
month in a formal interview, organized by 
the Soviet news agency TASS and its 
Mongolian equivalent Montsame, with a 
Mongolian physicist, Dr D. Dorjbat, who 
appears to have been selected as a mouth- 
piece of grass-roots scientific concern. 

According to Dorjbat, the Chinese do 
not possess a highly developed nuclear 
technology, and so will not be able to 
ensure a reliable method of storing the 
wastes. Since they plan to bury them 
beneath the Gobi Desert, there is a serious 
risk of contamination of Mongolian as well 
as Chinese territory, through seepage of 
radioactive material in the groundwaters. 

Dorjbat went on to discuss the political 
implications of the plan . The Chinese, he 
alleged, not only hope to obtain additional 
hard currency from the plan (their 
preliminary tenders offer to take up to 
4,000 tonnes of waste by the end of the 
century thus earning $6,000 million); they 
also want to process the waste into 
plutonium for nuclear weapons. 
Numerous ‘‘foreign experts”, he said, 
have drawn the same conclusion. 

Dojbat made no attempt to explain how, 








s but high enou 
plutonium from thos 
more at ease with his political statements, 
alleging that China is at present helping 
Pakistan to develop nuclear weapons (a 
claim which the Pakistanis vehemently 
deny). He also attacked the ‘‘disrespect”’ 
for the destiny and lives of the Chinese 
people shown by their leaders who, he 
claims, regard a nuclear war as winnable. 

Beijing, so far, has made no direct 
reference to the allegations, but appears to 
be treating them as significant signals in the 





current war of words with Moscow. Within | 







Bonner. 
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Dr Tsukehiro Gotoo, chief researcher at 
the National Institute of Environmental 
Science, hopes to see the construction of 
five battery reprocessing plants across the 
country together with the enforcement of. a __ 
refundable deposit system to encourage they” 
return of used batteries. A private battery 
reprocessing plant is already in operation at 
Hokkaido but its charges are high — 
80,000 yen (£260) per ton of batteries plus 
transport charges. Studies at the institute 
show, however, that setting up regional 
recycling plants with a capacity of 2,000 
million batteries a year would at most add 
only Y10 (£0.3) to the cost of a battery. 
Such a move seems more likely to providea 
practical solution to the problem than the 
call of the Ministry of International Trade 
and Industry (MITI) for research on non- 
mercury batteries. Alun Anderson 


a few days, The People’s Daily carried 
what was clearly a direct refutation of the 
attacks on the waste disposal plan, affirm- 
ing that Chinese technology was well- 
equipped to deal with all forms of nuclear 
waste, solid, liquid or gas. The more sinis- 
ter charges that the Western wastes would 
‘be used as the raw materials for bombs was, 
however, pointedly ignored. Vera Rich 


Moscow visit off 


Washington 

Amip continuing uncertainty about the 
health of Soviet physicist Andrei Sakharov 
and his wife Yelena Bonner, the US Na- 
tional Academy of Sciences confirmed last 
week that its president had postponed . 
plans to visit the Soviet Union to re- 
establish formal links with the Soviet 
Academy of Sciences. l 
In a short telegram to A.P. Aleksan- 

drov, president of the Soviet Academy, Dr 
Frank Press, president of the US National 
Academy, said talks on a new agreement 
were ‘“‘impossible’’ given the deepening 
concern of American scientists over the cir- 
cumstances of Dr Sakharov. The telegram 
added: “I have delayed until the last mo- 
ment a final decision in the hope that the 
situation would be positively resolved in a 
manner that all of us would recognize. 

Since this hoped-for development has not 
occurred, I believe it is to our mutual ad- 


“tO” tek vantage to postpone the visit of our dele- 
se wastes. He seemed | 


tion until a climate more favourable for 
positive discussions exists.’ 
3 fficials stressed that 
şe planned visit was 







the decision to cance 
taken by the academy alone, they — 
acknowledged. that Dr had consult d: 
the government. The official also st 
that the visit had been postpone 
than cancelled, and hinted that it 
ahead if the Soviet Academy show 
of interceding. on behalf of Sakha 
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Nuclear winter 


ICSU project 





ONAN urgent call for information on the con- 
sequences of large ground-based fires for 
the atmosphere of the Earth has gone out 
from the workshop held in Leningrad be- 
tween 14 and 16 May on the climatic and 
biological consequences of nuclear war. 
The meeting is part of the programme by 
which the Scientific Committee on Pro- 


blems of the Environment (SCOPE) of the | 
International Committee of Scientific | 


Unions (ICSU) proposes to produce a 
comprehensive report on the subject by 
September 1985. 

Participants at the Leningrad meeting 
explain that one of the obdurate uncertain- 


ties of the prediction of sharply reduced | 


and even sub-zero temperatures on the sur- 
face of the Earth after a nuclear war, called 






of smoke from fires that would be carried 
into the atmosphere. The aggregation of 
smoke particles is, in particular, not taken 
into account in the models of the effect so 
far published. 

At the Leningrad meeting, Soviet scien- 
tists suggested that data bearing on this 
question might be gathered from studies of 

-= large Siberian forest fires, to which end a 
«Meeting on the subject is to be convened in 
the Soviet Union, followed by another in 
` West Germany. 
< The possibility was also canvassed of col- 
eing data from the forest fire that has 
been raging during the past two years in 
- Indonesia. One difficult: appears to be 
_ that the resolution of 


















occurring in then 

On the: di radels, the 
i ed the import- 
mal models of 
king account of 
the “‘scavenging’’ of particles from the at- 
mosphere. One: of the particular dif- 


. ficulties to be surmounted, according to a | 


-Statement after the Leningrad meeting, is 


that of accommodating mesoscale (inter- i 
‘mediate scale) atmospheric turbulence in| 









the general circulation models. 





the nuclear winter, concerns the likely | 
behaviour and effects of the large amounts | 


NEWS aaam T 


, school (represented at Leningrad by V.V. 
| Aleksandrov), and the Leningrad school 


(K. Ya. Kondrat’ev), with the former being 


| more certain than the latter that a nuclear 
| winter would follow a nuclear war. 


The next workshop within the SCOPE 
project will be held in Paris in October. 
Drafting of the final report is due to begin 


| at a meeting in Colorado next January, but 


the final version of the report will be com- 


| AIDS development 


pleted only at a meeting of the project team 
arranged for next June at the University of Sa 
Essex in the United Kingdom | AS 

Part of the problem that lies ahead i EE 
financial. Most of the support for the e 
SCOPE project, launched at the Cam- o 
bridge meeting of ICSU two years ago, - 


| consists of a grant of $75,000 from the 


Rockefeller Brothers’ Trust, but other - 
possible sources are being approached. {) 


NIH to license HTLV 


Washington 
THE companies selected by the US federal 
government to manufacture a blood test 
for acquired immune deficiency syndrome 
(AIDS) are expected to be announced this 
week. A scientific panel has already met to 
review the 20 or so proposals received in 
response tO an announcement in the 
Federal Register on 3 May, and recommend- 
ations have been forwarded to Assistant 
Secretary for Health Edward Brandt. 

The selected companies will be provided 
with Dr Robert Gallo’s method for mass- 
producing human T-cell leukaemia virus 
IH (HTLV-HD in return for a royalty 
payment to the government that is expected 
to be 5 per cent. The Federal Register 
announcement specified that applicants 
should have experience with retroviruses, 
virus production and the manufacture and 
distribution of radioimmunoassay kits, 
and have access to a P-3 containment 
facility. Although skill in recombinant 
DNA techniques was also mentioned, 
members of the scientific panel that 
reviewed the applications said they gave far 
greater emphasis to ability to manufacture 
the product quickly and in large quantity. 
Millions of test kits will be required each 
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12-Month 12-Month Company 
high low — 
14 8 Biogen (Switzerland) 
2 l/s Bio-Logicals (Canada) 
14 8 Bio-Response (USA) 
14 10 Cetus (USA) 
104 5 Collaborative Research (USA) 7 
19% bi Damon (USA) 
264 124% 0-Biochem TA ; 
10% 8% ow General (USA). ° 
424. 28% Genentech (USA) 
10% OB Se Ge etic Systems (USA) 
ao i ex (USA) 
23 2M h (USA) 
1614 8340 Molecular Genetics (USA) SA 
IS 10 Monoclonal Antibodies (USA) 14 
60 h 43 Novo Industri A/S (Denmark) 
22% 144 Pharmacia (Sweden) 


_ than one company is ex pected to bechosen. 





year to screen blood products. It is 
expected that the initial production will 
rely exclusively upon existing technology 
— growing the viruses in bulk to produce 
enzyme-linked immunoabsorbent ae 
antibody (ELISA) tests to detect the Virus. 
This widely used technique provides. a 
sensitive and simple means of assaying © 
serum antigens. Eventually, recombinant ee 
DNA techniques may be used to produce a 






| virus antigen for the tests. 


Abbot, DuPont and Roche are said to i ee 
have submitted strong proposals. More ` 

















Genentech has submitted a ‘proposal gi 
through its joint venture with Travenol, 
Genentech-Travenol Diagno 
Genentech is also known. to be seek 
basic research collaboration < 
and perhaps also with the French 
the Pasteur Institute, Gallo is sai 
something of a dilemma over the possi 
of collaborating directly with 
company; on the one hand he 1 
expertise in gene expression that the p 
omp Di had he is wae XC 








outside 















MA Haunih ann aama a NE Ne 


Closing prices are for the last Friday of the month. For over-the-counter stocks, bid price is 
quoted; for stocks on the American and New York exchanges, the transaction price. Nature’ So 
weighted index of biotechnology stocks stood at 135 on 31 May, compared with 164 a Month’ 
earlier. Data from E.F. Hutton, Inc. 










; Eo to Rave detected a dif ference 
en what they called the Moscow | 












Science in India 





SPONDENCE 


The supplement on Indian science Nature 12 April (pp. 58 l -600) has 


prompted many reactions. Some are published here, 


week. 
SiR — The key to considering science and 
technology in India lies in recognizing 
that India is trying to go through three 
revolutions simultaneously — the agricultural 
(still incomplete), industrial and computer 
- revolutions — with a government that is 
democratic, a population less than half of 
“which is literate and resources that are 
hardly adequate for a task never before 
undertaken. This is the reason for the wide 
spectrum from poverty to excellence that 
one finds in India in all aspects of life. I do 
not think that Nature’s supplement 
< recognized this, explicitly at any rate. 
ad A few careless statements crept in — for 
instance, “India... often describes itself as 
©. the third nation in the world of science and 
technology’’. The truth is that India does 
state frequently that it has the third largest 
scientific manpower, but mainly to illus- 
trate that despite that fact, productivity 
is low in science, industry and everywhere. 
S But my main objection is to the way you 
_ depicted the central universities as ° ‘breed- 
ing grounds for violence’, apparently on 
the basis of the report on the working of the 
central universities. The report has nothing 
- to do with the actual work of the central 
universities and much less with science in 
them; rather it is concerned with factors 
preventing the central universities from 
_ working as they ought to. The report is in 
no way a guide to what the central 
universities are, any more than a 
pathologist’s report reveals a man’s 
personality. 

In fact, the original concern of the report 
was precisely that of ‘‘finding some way to 
restore authority to where it belongs’’. For 
several decades, long before the Indian 
Institutes of Technology started to blaze 
their trails, the central universities, notably 
those of Delhi, Banaras and Aligarh, con- 
tributed much to science and humanities. It 
is totally wrong to say ‘“‘nepotism, disorder 
(even violence) and maladministration are 
rife even in the seven (central) 

-_universities...’’, wherever this infor- 
mation came from. 

Your sampling of the scientific 


institutions and scientists also appears to be . 


inadequate. Unless one is®careful, the 
visible and the vociferous have a high 
probability2of looming large. But sur- 
isi aftef all that is said, you have not 
Auch, pt, perhaps, a few more 
ints in the Science Citation Index. Yes, 
bivalence seems to be a part of our 
‘relations. ogi an 
` But despite these complaints, and 
although I do not always agree with your 
‘conclusions, your survey is the most 
nce in India. I agree with you that 
lia has by far the best chance of 
eceeding”’ in the development of science 





































analysis of the complex system of - 


with more next 
and technology, not because of ‘‘the 


but because, as Aldous Huxley pointed out 
(Science and Literature), one of the 


greatest achievements of science is to have | 
developed a method independent of those | 


who work with it. 


B. S. RAMAKRISHNA | 


University of Hyderabad, 
Hyderabad 500 134, India 


Sir — You are, of course, right in saying 
that all is not well in India’s Science. But 
great strides have been made. As our Prime 
Minister declared during a White House 
reception, India is engaged in the stupen- 
dous task of moving hundreds of millions 


of people into the twentieth century. 
Against this backdrop one can understand 


why our laboratories and classrooms are no 
longer sheltered. The attendant erosion of 


academic freedom, loss of objectivity and 


so on are inevitable, but, one expects, tem- 
porary phenomena. 
Notwithstanding the problems, there 


have been some achievements (as noted by 


you also). The green revolution is a reality, 
and our chemical industry is able to lean on 
our own research and development. Where 
high technology is concerned, we can cer- 
tainly claim we know how to launch a 
satellite and how to build a nuclear power 
station. On the more exotic basic research 
side, we cannot boast of a string of spec- 
tacular discoveries, but then our total in- 
vestment relative to that in the West is 
paltry. If achievement is measured relative 
to obstacles overcome, our record 
measures up favourably to those of others. 

All the same, we are neither satisfied nor 
complacent. Recently our two academies 
held a joint brainstorming session to ex- 


covered (as expected) that streamlining In- 
plasma at a million degrees in a container at 
laboratory temperature, and for essentially 


the same sort of reason. But some sugges- 
tions did emerge and they have been trans- 


We are confident we will make it and are 
working hard towards that objective, As 


friends could note that Indian science can- 








we have done. 
have those giving 
Nor will it be acec 
seminars by sc 
pei de 
ternational committee. 





lished by listening to 
oming for a family 











Reactor Research Centre, 


amine how to improve matters. It was dis- 


dian science was about as easy as holding a | 


mitted to the Science Advisory Committee | 
sto the Cabinet. 


not be bettered by simply asking “‘Is this all | 
oye??? (Incidentally, what | 
is advice done for us?) | 


ts ci | scientists and policymakers 
even under the auspices of anin- | z er E es 
| The Population Council, 
_G. VENKATARAMAN | amarskjold P. 
| New. pa is 
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SiR — Readers of your survey are likely to 


| conclude that most of what is good and 
| worthy of its name in Indian science is $0 


because (1) a director or a chairman or per- 
haps a minister knows and means his/he 
business; (2) they or their organizations” 








| have or at least had good overseas con- 
ingenuity and articulateness of its people”, | 


nections and (3) they have somehow 
managed to avoid the anything-but- 
beautiful influence of the run-of-the-mill 
scientific workers and of the people at 
large. 

The major contradiction in Indian 
science is that of its patch excellence vis-a- 
vis its unrootedness in Indian soil. Co- 
operation from scientifically advanced 
countries is necessary and should be 
welcomed. India neeeds to ensure a certain 
degree of immunity against the crisis, of 
which there are visible signs, by directing 
science in international directions. But the 
country also needs help in promoting the 
search for identity of the ‘‘two Indias”. 

With the general elections expected this. 
year, the political undertone of the report 
carries significance. However 
“surprising”? and ‘‘dangerous’’ it may be 
for Indian science to be strongly influenced 
by the people in power, in fact its infective 
power seems to defy territorial confine- 
ment. 

Lastly, for the sake of correctness of 
information, the Bose Institute of Calcutta 
is not and never was engaged in training 
graduates, nor is there any emphasis on 
nuclear physics in its research programmes. 
Neither of the two Boses received Nobel 
prizes, on which point there seems to be 
some misunderstanding (p.589-90). 

R. MAJUMDAR 





Department of Ceramics, 
University of Leeds, 
Leeds LS2 9JT, UK 





Sin — Your special issue on India provides 
a comprehensive account of accomplish- 
ments, failures and problems of science in 
India. The introductory note to the survey, 
however, contains the erroneous figure of 
2.5 per cent as the annual rate of India’s 
current population growth. The registra- 
tion of births and deaths in India is far from 
complete, but the annual population 
growth rate of 2.2 per cent during 1971-81, 
derived from the census counts of 1971 and 
1981, is considered by demographers as 
reasonably accurate. In a recent statement, 


J lat | Prime Minister Indira Gandhi gave the cur- 
but when’’. Meanwhile, our expatriate | 








One Dag Hammarskjold Plaza, 
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THE NICOLET 2090 DIGITAL OSCILLOSCOPE 


TAKE A CLOSER LOOK 
AT WHAT YOU’VE 
BEEN MISSING. 


DIGITAL PRECISION AND RESOLUTION 
LIKE YOU'VE NEVER SEEN. 
Picture this. The smallest detail in 
12-bit resolution, expansion to X64, 
with voltage and time coordinates 
alphanumerically displayed. Plus the 

ability to record 4K data points at 
speeds up to 5OMHz, with the 205A 
plug-in. Its what you'd expect from 
the digital oscilloscope that’s still 


setting the standards—Nicolet’s 2090. 


DON’T Miss ANY TRANSIENTS. 


The 2090 offers push button tran 
sient Capture, at speeds selectable 
from 20 nanoseconds to 200 seconds 
per point, so you ean record fast or 
slowly changing signals with ease. 

ànd pre- and post-trigger capture lets 
you see what led up to an event as 
well as what followed. Built-in floppy 
disk allows unattended operation 
just set and forget. 


THE VERSATILITY YOU'VE 
BEEN LOOKING For. 
Optional RS232 and IEEE-488 
bidirectional interfaces give you the 
ability to coordinate and manipulate 
data by remote computer. That means 


the 2090 scope can be the front end 
of an entire analysis system. Not only 
that, the 2090’s modular de sign allows 
you a choice of four different plug- 


ins. Pick the digitizer that’s designed 
for your present application, and 
add other plug-ins to fit your expand- 
ing needs in the future. 


SEE FOR YOURSELF. 


Let us show you how easy the 
2090 is to use. It’s time you started 
benefiting from the tremendous digi- 
tal advantage. Call us: (608) 273- 
5008. Or write: Nicolet Oscilloscope 
Division, 5225 Verona Road, Madison, 
WI 53711. 


Circle No.20 on Reader Service Card 


BRINGING DIGITAL PRECISION 
To AN ANALOG WORLD 


Nicolet 

























<- QUEST, a sequence pattern recognition 

: program developed by IntelliGenetics, 
allowed scientists at the Institute Pasteur 
to rapidly search all available nucleic acid 
_ databases for characteristic nucleic acid 

_ sequences initially observed in £. Coli. 

he scientists were able to discover the 

n of 67 members of a family of 
persed repetitive palindromic DNA 
quences unique to the procaryotic 
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4. 3117 3127 3137 3145 
TEATCAGGCCT ACAACGGCTG TCAAATGTAG GCCGGATA 





These palindromic sequences could form 

stem and loop structures in RNA or be 

_. important recognition sites in DNA. The 
stem is composed of eight remarkably 

conserved base pairs separated by an 

intervening region that varies widely in 

ength and sequence. 











METHODS: 
< QUEST'’s sophisticated query formatting 
-capabilities required only 38 sequence 

- -keys to represent over 2.3 x10" possible 
‘ambiguous sequences. These simplified 

keys were essential to the rapid search 

of the entire NIH GenBANK”™ and 

EMBL DNA scab databases. For 7 





ae ia Any pattern of either nu- 
a acid 0 or amino ac id hegre can be 






~ ware License _., and 


RESULTS: 

Using the 38 QUEST keys, it was dis- 
covered that a characteristic 8 base pair 
inverted repeat (IR) sequence was found 
predominantly in procaryotic genomes. 
These palindromic IR’s are present at 
least several hundred times in the ge- 
nomes of E. Coli and other bacteria. 
These IR’s are found primarily between 
genes and occur either singly or in 
clusters.* 


CONCLUSION: 

These inverted repeat regions, character- 
istic of procaryotes, support the cassette 
model of genomic evolution, and further- 
more suggest a specific role for these 
sequences in genetic regulation in 
procaryotes. 


QUEST is only one of a complete set of 
integrated computer resources developed 
by IntelliGenetics. Other programs which 
can help you in your research are: 


CLONER Simulation and design of re- 
combinant DNA experiments 


MAP Determination of restriction maps 
from enzymatic digests 


GENED Simplified entry of nucleic acid 
and amino acid sequence data 


GEL Management of large scale DNA 
sequencing projects 


SEQ/PEP Nucleic acid and amino acid 
sequence analyses and comparisons 


IFIND High-speed nucleic or amino acid 
sequence homology searches 


NIH, EMBL, NBRF On-line, up-to- 
date, annotated library of nucleic acid and 
amino sequences 


IntelliGenetics is currently supporting 
over 500 molecular biologists worldwide — 
with a complete set of programs, all fully 
compatible with the NIH GenBank”, 
EMBL nucleic acid databases and the 
NBRF protein sequence database. On-lin 
support, training, consulting and docu- 
mentation is provided for all products. 
IntelliGenetics’ computer tools are avai 
able through a timesharing system, | 
32-bit supermicro BION graphic display — 
workstation, or by software license for 
multi-user computer systems. | 
IntelliGenetics’ QUEST and IFIND pat- 
tern recognition programs can now help 
you obtain results and reach new conclu- 
sions more rapidly than ever before. 











To find out more about these powerful 
computer resources, call IntelliGenetics 
at (415) 328-4870, or send the coupon to: 
IntelliGenetics, 124 University Avenue, 
Palo Alto, California, 94301. 





IntelliGenetics 
*Accepted for publication in the European Molecular Biology ae 
Organization Journal, Vol 6, Number 3 (1984). 


__... Please send ine ais Sequence Database Search/Comparison Application Guide. 


__.. Please send more information about IntelliGenetics’ programs and services. Iam 
particularly interested i in Timesharing ——, the BION computer workstation ____, Soft- 
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question were finally decided. 

What T.W. Teasdale and David R. 
Owen have done is to attempt to discover in 
measurements made with genetic siblings 
brought up separately, usually as a conse- 
© quence of adoption, the degree to which 
-> intelligence (as represented by measured 
=> IQ) is genetically determined. The study 
has been made possible by the accessibility 
of the adoption register in Denmark, and 
the ready availability of data on edu- 
ional attainment, IQ and height (as well 
s other physical attributes) for males who 
Must register for military service at the age 
of eighteen. The availability of these data is 
in part a justification of the pleas that 
social scientists have been making in recent 
_ years that legislation to protect the privacy 
of individuals should not disallow access 
r the purposes of legitimate research. 
The numbers involved in the study now 

reported are comparatively small. Five 
groups of sibling pairs (all male, since 
women do not register for military service) 
have been identified, of which two groups 
have been used, for practical purposes, as 
controls. One of these groups comprises 
genetically unrelated males adopted by the 
same parents. and brought up together, the 
group of genetic brothers 
brought up by their natural parents. One 
essential element in the design of the study 
is the use of measurements of height (at the 
age of eighteen) as a kind of control 




















variable. There is a wealth of earlier | 


evidence to suggest that height is indeed 
heritable, so that height Q should 
>= behave similarly if, indeed, IQ is inherited. 
“The outcome of the study, so far as it 
; goes, favours 4h EEEE that intel- 























“reared apart. The standard calcu- 


yields a satisfactorily low value — 
dds are one in 200, But as with pote 








hat this result may have arisen by 


A new study of IQ among adopted siblings points to hereditable intelligence, but inconclusively. 


Geneticists (and others) should not however be Jearful of a determination of the question. 


Is human intelligence genetically 
determined, environmentally conditioned 

or the product of both influences? Since 
the work of the late Cyril Burt was 

~ discredited some years ago, the ferocity 
= seems to have gone out of the argument on 
this question that had been raging for close 

on half a century. The article that appears 

on p.620 of this issue, yet another piece of 
evidence that is by itself inconclusive, will 
-inno sense reawaken that argument. It may 
however be an appropriate occasion for 
sking what would happen if ever the 


studies of this kind, only some of the 
crucial questions that will arise in dis- 
cussion of these data have at this stage been 
taken up. How comparable were the 
families into which the several groups of 
children were adopted? May there not be 


systematic differences between the families 


adopting related and unrelated siblings | 


(other than the observation by Teasdale 
and Owen that parents adopting more than 
one child are likely to be well off)? One odd 
feature of the data now reported, however, 
is that the expected correlation in height 
among separately reared siblings does not 
unambiguously show up. The explanation 
may be the small size of the groups of 
adopted children, but until other 
explanations are excluded, the precise 
significance of this study cannot be certain. 

None of this implies that the study has no 
immediate bearing on the question of 
whether intelligence is heritable. On the 
contrary, and at the very least, the study is 
an imaginative pointer to a source of data 
on heritability that has previously been 
almost entirely overlooked. One especially 
valuable feature of the Danish data is that 
the records of adoption and the measure- 
ments of IQ have been carried out for quite 
different purposes than that of the authors. 
Even if Burt’s studies of genetic inheritance 
in identical twins had not been discredited 
by the suspicion that they may have been 
crudely fabricated, the fact that he was 
personally responsible for the measure- 
ment of IQ would by now have put his 
claims in doubt. One of the immediate con- 
sequences of what Teasdale and Owen have 
done will be to stimulate a search for other 
objectively gathered blocks of data that 
may throw light on the heritability of intel- 
ligence. 

But why bother? One common assertion 
is that when a positive result (in favour of 


heritability) would be socially divisive, No 4... 
good purpose can be served by answering | 


the question. Sucha response cannot how- 


ever be regarded asa serious impediment to | 


serious enquiry. If indeed 1Q were shown 
unambiguously to be genetically deter- 
mined, the result would be interesting in its 
own right and stimulating of other 
investigations. And even if it were the case 
that IQ is only a crude representation of 
what should properly be understood by 
intelligence, it would be even more remark- 
able that such an artefact, constructed 
from the ease with which individuals carry 
out artificial tasks, should be genetically 


determined than that unmeasured and per- 1 





| heritable, 


haps unmeasurable intelligence should 
thus be determined. a 
Precisely what the E con- 
sequences would be of a conclusive deter- 
mination of the hereditability of IQ is 
another question. In the ancient ro 
between the nature and nurture schools 
has commonly been assumed that the 
must be uncomfortable for one side ort 
other. That view should carry very Ii 
weight. For nobody pretends that if I 
inherited, the effects can be as simple a: 
for example, the inheritance of well-kni 
physical disorders where a single gene m 
be responsible. 
Everybody agrees that IQ, if inheritable 
at all, is determined by several genes, pe 
haps even indirectly. The result is that tl 
IQ of the offspring of parents of kne 
intelligence will be determined bys 
tribution spanning a range | 
values. Offspring of high-IQ 
frequently have low IQs. Exac 
kind of overlap is found in the di 
of IQ in racially different group 
ren attending the same schools. .. 
The consequence of these expe 
of how measured IQ is likely- 
tributed is that even when the quest 
heritability has been settled, fer 
guides to social policy will have 
provided. It will remain the case, 
example, that societies that insist 
educating the offspring of success 
parents separately from others, on the ty 
assumptions that success denotes in 
gence and that all offspring of areas 
parents are themselves intelligent, 
imperfectly satisfy the needs of many ofti th 
children. It would be similarly profligate of 
human potential to suppose that, if IQ is 
schooling as such might be | 
abolished on the grounds that native wit ~ 
will make itself apparent. ; 
In the whole field of social policy, . 
exactly similar considerations apply. A 
ermination of the question whether 10. 
is heritable: would. be largely irrelevant to. 
policy, which is not ti it. Wok 
never be used as a means of 
irrational prejudices. This is. wh 
such as those of Teasdale and Owen 
warmly to be welcomed, why there is the. 
strongest case for hoping that the issue will 
soon be clarified — and then for learning 
something of the mechanism by which such 
a fuzzy attribute of the central nervous ` 
system as intelligence may be, even in nic nae 
heritable. aA 
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. from Piet Borst 


SINCE 1978, when Robert Schimke and his 
--co-workers showed that it could be 
associated with the development of drug 
resistance in eukaryotic cells', gene 
amplification has been shown to underlie 
resistance to several drugs and toxic com- 
< pounds in a variety of eukaryotic cells, in- 
<: cluding such unicellular organisms as fungi 
and protozoa (see ref. 2 for an excellent re- 
‘cent review). There have also been hints 
‘that it underlies another form of drug 
resistance in mammalian cells — the in- 
triguing multidrug resistance (or pleio- 
tropic drug resistance) in which the induc- 
‘tion of resistance to one drug leads to cross- 
esistance to a motley assembly of other 
rugs with widely different chemical struc- 
ures and cellular targets’ ®. Direct 
evidence that multidrug resistance is due to 
gene amplification has been missing. That 
‘lacuna is filled by the paper < of Roninson et 
‘al. on page 626 of this issue’. 

' Schimke’s studies were on the develop- 
: ment of resistance to methotrexate (MTX), 
an inhibitor of the enzyme dihydrofolate 
reductase (DHFR). Resistance to it can 
-arise in at least three ways**: by a decrease 
in the carrier-mediated uptake of MTX; by 
the production of an altered DHFR; and by 
the increased production of normal 
DHER. Schimke and co-workers showed 
-that the third route involves an amplifica- 
tion of the structural gene for DHFR'. 
How does the genome know that DHFR 
has been blocked by MTX? The answer 
seems to be simple: MTX inhibits cellular 
DNA synthesis; when the block is released 
-by removal of the drug, chromosome seg- 
ents that have partially replicated will not 
only continue the old replication round but 
also re-replicate, producing an extra copy 
of that region. Once gene amplification is 
underway, selection with MTX ensures 
that cells with the largest number of copies 
_ of the DHFR gene will have the best chance 
of surviving. By stepwise increase of the 
_ drug concentration, one can eventually ob- 











more on the relationship between amplifi- 
_ cation and replication the reader is referred 
to David. er) article in these col- 





ack into chromosomes to yield homo- 
geneously staining regions (HSRs) or re- 
main as extra ‘minute’ chromosomes, 
often found in pairs as double minutes. 
HSRs are stable when cells are grown 
vithout drug, but maintenance of double 
minutes usually requires continuing drug 
lection because they lack a centromere. 
andom distribution of double minutes 





tain cells with many copies of the gene. (For. 


amplification ae either be re-inserted 





DNA amplification and 
nultidrug resistance 
among daughter cells and loss to the | 


cytoplasm rapidly leads to the emergence 
of cells that have lost most or all of their | 


double minutes; this instability is a 


hallmark of drug resistance due to this type | 
| patients exposed to intensive treatment 


of gene amplification (see refs 2, 9-11). 


The presence of double minutes in multi- — 


drug-resistant cells, as well as the unstable 
nature of multidrug resistance, has strong- 
ly indicated that this, too, is due to gene 
amplification '>13. Resistance of this type 
can be induced with colchicine, a drug that 
prevents tubulin polymerization, or with 
one of the carcinostatic anthracyclines, 
drugs with diverse effects on cells. Cross- 
resistance develops to a group of drugs 
whose only features in common are a mole- 
cular weight between 350 and 1,250 and an 
amphiphilic aromatic nature. This 
indicates that multidrug resistance is due to 
altered drug transport, but whether the 
mutation results in decreased drug entry, 
increased efflux or a combination of these 
mechanisms is still not certain’. 

A corollary of this type of drug resis- 
tance is the overproduction of a large 
membrane glycoprotein with a molecular 
weight around 170,000. A reasonable 
hypothesis i is that this membrane glycopro- 
tein is encoded in the amplified DNA". 
This cannot be the whole story, however, 
because different multidrug-resistant cell 
lines show different degrees of cross-resist- 
ance to individual drugs. 

The direct evidence for gene amplifica- 
tion in multidrug resistance provided by 
Roninson ef al. in this issue of Nature 
comes from the use of an elegant, in-gel, 
renaturation technique. The authors show 
that two multidrug-resistant Chinese ham- 
ster cell lines contain amplified DNA seg- 
ments, absent in revertants. They have 
cloned one of the amplified segments as 
recombinant DNA in Escherichia coli and 


show that the degree of drug resistance | 


correlates with the number of copies of this 
segment in the DNA of resistant cells. The 


„two cell lines have different patterns of 
‘cross-resistance, and it is therefore of 
interest that the two lines have only part of 


the amplified DNA segments in common. |... 
“ya, Curt, G.A. eft al. New Enel. J. Med. 308, 199 (1983). 


This suggests that at least three proteins can 
contribute to multidrug resistance: one 
preferentially induced by anthracylines, 
one by colchicine and one induced both by 
anthracyclines and by colchicine. It should 
not be too long before the gene products 
of these amplified genes have been 
identified. 


What is the relevance of this sophisticat- _ 
ed molecular biology to the clinician treat- | 
_ing cancer patients? Only limited informa- | 


tion is available to answer this question. 


Amplification of the gene for DHFR has 


| is frequently observed in patients, 






been shown to occur in tumour cells from 
patients who have had prolonged treat- - 
ment with MTX 4'8, Multidrug resistance 


whether gene amplification contributes +o. 
itis not known, Once the amplified genesin o= 





| multidrug-resistant human cell lines have - eo 


been cloned it should be easier to test for 
amplification of these genes in tumour 
biopsies by standard molecular and 
cytological hybridization techniques. I 
expect that these experiments will give 
positive results in a significant fraction of 


with carcinostatic drugs. Most carcino- 
static drugs block DNA replication; some 
of these drugs act on DNA in a similar 
fashion to certain carcinogens which are 


| among the most effective inducers of gene 


amplification! '°?'; and the schedules of = 
drug administration used by clinicians are. 
not incompatible with induction of gene 
amplification. 
If gene amplification is important for © _ 
clinical multidrug resistance, amore com- `. 
plete understanding of the phenomenon 
might be useful. Knowledge of which gene © 
is amplified could allow prediction of = 
cross-resistance to other drugs. Knowledge 
of the detailed mechanism of drug exclu- 
sion could lead to the design of modified 
drugs not affected by the exclusion 
mechanism. The membrane proteins over- 
produced could form useful targets for 
antibody-coupled toxins. Multidrug 
resistance is obviously an area where gene 
amplification will induce research amplifi- — 
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V athematics 


¥om lan Stewart 


MANY mathematicians think in pictures, 
and maintain that geometric ideas offer 
some of the most important insights in the 
subject. Others, who think in symbols, dis- 
agree. Be that as it may, a number of topics 
in the mainstream of current mathematical 
research have clear links to geometry. A re- 
cent example! combines ideas from the 
theory of minimal surfaces with Thom’s 
theory of catastrophes?“ to shed new light 
on an old problem posed by soap bubbles. 
The study of minimal surfaces goes back 
to the (blind) Belgian experimentalist 
Joseph Plateau, who in 1873 published a 
book, Statique Experimentale et Théor- 
ique des Liquides soumis aux seules Formes 
Moleculaires, dealing with the shapes 
assumed by soap films under various con- 
straints. In particular he noticed that if a 
closed loop of wire is dipped in a solution 
of soap and glycerine, a surface forms, 
spanning the wire. Many elegant shapes 
_ can be constructed in this way. If gravity is 
`- - ignored, such a surface will minimize the 
<- energy due to surface tension, that is, its 
> area. Hence the name ‘minimal surface’. 
- The ‘plateau problem’ asks for a rigorous 
ormulation of this concept, and a proof 
n arbitrary loop can be spanned by a 
nimal surface. It has been solved, in 
lous settings (for example, refs 6-8); it 
has also been considerably generalized. 
` Catastrophe theory, on the other hand, 
deals with discontinuous changes in the 
-state of a system having an underlying con- 
4 tinuous structure. In its simplest and best 
Known version, elementary catastrophe 
ieory, it studies systems that minimize 
- some energy-like potential function. The 
- best known example, the cusp catastrophe, 
_ provides a universal description of the local 
_ competition between two stable states. 
Despite criticism of some speculative 
<- models, catastrophe theory has proved ap- 
= plicable to a variety of problems?! f 
_ though not always those originally envis- 
~ .aged by its creators. Now another area of 
application has emerged to augment the 
ever-growing list, and to confound further 
the pessimists. 
About a decade ago, Poston observed 
-that soap films appear to undergo catas- 
trophe-like changes when the loop that 
-they span is slowly deformed!'. Specifical- 
+ ly, if a loop is constructed inyi ly the 
shape of the seam on a.tennis- yall, the film 
“will span two stable minimal surfaces (by 
(symmetry); but if itis opened out into a flat 
rele, i “a unique surface. Poston 
gued..persuasively that the transitions 
n these competing states should be 
“described by cusp catastrophe geometry, 
gave no proofs. This conjecture has 
een demonstrated rigorously by 
and Tromba!, —_ 





































NEWS AND VIEWS 


Soap bubbles and catastrophes 


They find it convenient to work with a 
specific shape of loop, yielding a surface 
known classically as ‘Enneper’s surface’. 
The variational nature of the problem 
(minimizing area) is highly reminiscent of 
catastrophe theory (minimizing potential), 
but there are technical difficulties. In par- 
ticular, catastrophe theory is usually for- 
mulated for a finite-dimensional set of 
states, whereas minimal surface problems 
require an infinite-dimensional set. Never- 
theless, Tromba has developed tech- 
niques'*-'? to render catastrophe theory ap- 
plicable to the minimal surface problem, 
although a number of obstacles must still 
be overcome. The results add to the avail- 
able knowledge on a difficult and impor- 
tant problem: how many minimal surfaces 
are there that span a given loop? Indeed, 
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St Helena Ebony tree saved 


from Mark Williamson 


ST HELENA is probably best known as the 
oceanic island to which Napoleon was ex- 
iled. To biologists it is also known for its 
extinct flightless birds and remarkable 
endemic trees. It is also a classic example of 
the destruction of the biota of an oceanic 
island by man'; the introduction of goats 
and other species and the stripping of bark 
for tanning have all contributed to the 
decline of the native flora. Therefore, par- 
ticularly as 1984 is Plant Year of the World 
Wildlife Fund, it is a pleasure to record that 
about 12 species endemic to St Helena are 
now being cultivated’, including one that 
had been thought to be extinct for 130 years. 

The island is a mere 121 km?, lying in the 
South Atlantic at 16° south. It is ringed by 
cliffs rising to 200 m or more, while the cen- 
tre of the island rises to just over 800 m. It 
was formed by volcanic action 7-15 Myr 
ago, in the Miocene. A mere 36 species of 
flowering plants are definitely native?4 and 


no fewer than 33 of these are endemic. : 
Another 20 or so species may be native, but’ 


even with them the list would be remarkably 


~ short. An equivalent area in England would 


have roughly ten times as many species. 
Two of the most remarkable of the ende- 
mic species are the Redwood’ and the 
Ebony, now placed in a genus of their own, 
Trachaetiopsis®, in the Sterculiaceae, a 
chiefly tropical family which includes the 
Cocoa and Kola trees. The nearest relatives 
of the Ebony and Redwood are the six 
species of Trochetia found only on the 
islands of Mauritius and Réunion in the In- 
dian Ocean. The Ebony seems to have been 





10, Stewart, LN. Rep. Prog. Phys. 45, 185 (1982). 


a dominant small tree in the lower. arid |. 








































they furnish the first explicit example o 
non-unique solution. The results also con 
tribute to the generalization of catastroph 
theory to variational problems in infinit 
dimensions, thereby bringing several nev 
areas of application within its scope. ‘= 
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parts of the island, while the Reds 
found in the more mesic zone hig! 
Whereas the Redwood has co 
survive on St Helena, albeit now o 
gardens, the general assumptios 
that the Ebony became extinct s 
after the 1850s. But in November. 
George Benjamin, a forest guard, 
Quentin Cronk, of the University of Cam 
bridge, found two bushes of Ebony gr 
ing on a cliff*. In January and Februa 
1983 Cronk was back on the island wi 
Simon Goodenough, of the Royal Bots 
Gardens, Kew. Cuttings from the Ebor 
were established *” and the plants have now 
flowered at Kew. The Ebony can be pro- 
pagated both by cuttings and by seeds, and 
there are now plans to plant several hun- 
dred back on the island. Since all the” 
plants are derived from two bushy indivi- 
duals, the genetic type and range of the sur- 
vivors may differ appreciably from the 





> generality of the original stock. But it looks = 


as though thespecieshasbeen saved. O0 
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other viral candidate 


from K.A. Brown 


DEVOTEES of the school that believes an 
‘occult virus is responsible for the induction 
of rheumatoid arthritis will have welcomed 
a recent article summarizing a three-year 
_ collaborative study undertaken in three 
_ USA centres on the identification of par- 
ee vovirus-like particles in synovial tissue 
_ from the joints of rheumatoid arthritis 
= patients | For the sceptics in this field, the 
= publication heralds the arrival of yet 
another viral candidate whose association 
with rheumatoid arthritis, if any, will be 
-shown to be circumstantial and which war- 
-rants investigation simply because it is one 
“of the few viruses which has not already 
_been the subject of an attempt to associate 
-it with the disease. 
- The research of Simpson ef al. stems 
from their isolation of an infectious agent, 
termed RA-1, from rheumatoid synovial 
cells, co-cultured with human lung 
fibroblasts or rabbit fetal synovial cells, 
and subsequently passaged in suckling 
mice. Injection of RA-1 into the cerebral 
area of the brain of neonatal Swiss- 
Webster mice produced a fatal neurologi- 
cal disease, whilst its inoculation into the 
peritoneum produced several symptoms, 
notably permanent crippling, alopecia, 
conjunctivitis and dwarfism. Such 
fatalities and disabling effects were not 
induced by synovial extracts prepared from 
patients with the non-inflammatory 
disorder osteoarthrosis. 
‘In their size (24-25 mm), morphology 
and resistance to chemical and physical 
treatment, the infectious particles resemble 
a parvovirus. Parvoviruses are among the 
smallest of the DNA viruses. There are two 
iain genera: the adeno-associated, whose 
lication is ‘defective’ and requires the 
ip of a co-infected adenovirus; and the 
adeno-independent, whose replication 
does not require assistance. In domestic 
animals parvoviruses are believed to be 
‘responsible for such conditions as pan- 
Jeukopenia and enteritis in cats and 
-hepatitis in dogs and geese. Human ‘serum 
-parvovirus-like virus’ was discovered 


























































blood donors for hepatitis B virus anti- 
--gen?, This adeno-independent virus, often 
asthe B19 virus, was shown to 





clotting factor concentrates 2 

“Since established laboratory cell lines 
may be contaminated with parvovirus, 
there is always a risk of parvovirus 
mtamination during the co-culture and 
issage stages of experiments. However, 











pson_et al. show that injection of ! 


rheumatoid arthritis synovial cells into 
murine brains, without prior co-cultivation 
with accessory cells, induces the appear- 
ance of the RA-I virus. Furthermore, the 
RA-1 antigen does not react with antisera 
directed against several other parvoviruses 
which infect mice and other animals. 

On caesium chloride equilibrium gradi- 
ents, the RA-1 viral particles are found ata 


density of 1.30 - 1.43 g cm~. In a). 


collaborative study which is shortly to be 
submitted for publication, Gabi Stierle, a 


visiting scientist to our department, | 


demonstrates that caesium chloride frac- 
tions of 1.41 g cm~', prepared from 
synovial cells of five of eleven rheumatoid 
arthritis patients, but none of six 
osteoarthritis patients, react with an anti- 
body against RA-1. The immunoreactive 
rheumatoid fractions contain abundant 
particles of 10 nm diameter whilst 23 nm 
particles are seen in similar isolates from 
long-term rheumatoid synovial cultures. 
The rheumatoid fractions do not react with 
the monoclonal antibodies to the B19 
virus. This finding, together with the 
failure of the B19 virus to react with the 
anti-RA-1 antibody and the high 
prevalence of the anti-B19 antibody in 61 
per cent of the population®, suggests that it 
is unlikely that the B19 virus has an 
important role in rheumatoid arthritis '. 
Parvovirus is the infectious agent of 
Aleutian disease in mink, a slowly pro- 
gressive fatal disorder characterized by 
hypergammaglobulinaemia, anaemia, im- 
mune complex-mediated arteritis and 


100 years ago 
PILE-DWELLINGS ON HILLTOPS 


AMONG the Miris, Singphus, Kamtis, Nogas, 
Mismis, and Deodhains that I have questioned 
as to the origin of the custom of building on 
piles, the answer is invariably that they do not 
know, that it is their tribal custom, &c. Pressed 
as to the advantages of it, or why they could not 
build on the ground like Hindus, they generally 


| end by urging the absolute necessity of keeping 


during the screening of symptom-free “things out of reach of the ever-present pig. 


Assan illustration of how this animal 


building, I append.a:section of a typical average 
Noga house, as built by the tribes south-east of 
Sibsagar to the Upper Dihing. One end generally 
rests on the ground, while the other overhangs a 
slope for which there often seems to be no 












practically<affects the question of houses- 










glomerulonephritis’ and thought by some 
investigators to have features of autoim- 
mune disease. There is no evidence to 
suggest that parvovirus may directly 
initiate a synovitis, though the affinity. 
the virus for host cells that are of high | 
mitotic activity, particularly activated 
lymphocytes® and endothelial cells?, and = 
its dissemination by monocytes and 
macrophages® are attributes which might 
be expected of a polyarthritogenic agent. It 
is premature to indulge in conjecturing 
possible implications of the work of 
Simpson and Stierle for rheumatoid arthri- 
tis. We must await definitive characteriza- 
tion of the RA-1 virus by techniques such as 
cell hybridization, serological evidence of 
parvovirus infection, laboratory studies 
performed on patients with inflammatory 
arthritides other than rheumatoid arthritis, 
and cytopathogenetic studies using adeno- 
virus and other viruses which might sup- 
port its replication. 

Simpson ef al. are to be encouraged in 
their persistent and patient search for a rep- 
licating virus in rheumatoid arthritis, atask -> 
that seems fraught with almost insur- a 
mountable biological and technical = 
obstacles. Whatever the outcome, they will 
have resurrected interest in an area which 
urgently requires more motivated scientists 
of enthusiastic application and original 
approach. Progress is painfully overdue. i 
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occasion, as plenty of level land is about. In all 
houses of this type the end devoted to husking -< 
rice rests on the ground, and the door at the end oe 
has a slab that can be raised to admit pigs to eat 

the husks. This compartment (one-third of the 
house) is divided from the living and sleeping 

part by a wall and a door with a stile to keep out 

pigs. There are generally from two to six, OT 
more, sleeping-rooms on the ground, and 
beyond them again is an open room used for 
visitors, or to sit and work in during wet 
weather. 

But there are many other things besides pile- 
dwellings that prove these now distinct tribes to 
have descended from a common stock. The 
-*morongs,’’ or houses in which the lads and 
single men, sleep at night, away from their 
parents’ houses, are seen under various names 
all through thesechills. There are also 
‘“morongs’’ for the. - and single young 
women, and are special an 
peculiar laws relating to morongsef 
Liberty of the sexes before marriage -/ 
is indeed practically so complete _ 
among all these tribes th 
morals begin with marria 
- tnarriage they are better, 
\ . than civilised nations. . 































"ample, the product ratios resulting from 
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= | similar to the values in enzyme catalysis. | 
Doo Ultra-stable zeolite Y is currently used a 
SS Z li d l the cracking catalyst in oil refining. It 
£ CoO ites un Cr contr O cannot be synthesized with a ratio of SiO, _ 
' to Al,O, greater than 3, but this ratio can 
be increased by various de-alumination. . 
processes. These impart additional thermal _ 
content and extrapolated to zero activity at stability but lower the crystallinity, and the 
zero Al content. This quantitative correla- | resulting catalyst is still too active and- 
tion can be explained only if all Al atoms | requires dilution with catalytically inactive : 
are in tetrahedral framework locations — | binder material. Even then, coking of the = 
which is exactly how they are shown to be catalyst pellets occurs in a reactor ina time 
arranged by high-resolution magic-angle | scale measured in seconds. The data of- 
spinning nuclear magnetic resonance. Haag et al. on ZSM-S5 indicate how little. 
With such accurate quantitative dataitis | Al is necessary for cracking reactions and 
possible to determine the number of active | should spur zeolite chemists on to discover 
sites, the absolute molecular turnover rates | a method to produce zeolite Y with. very — 
and the turnover numbers. Haag et al. | much less Al than used at present. Very. 
found an absolute turnover rate for n- interesting technical problems will have t 
hexane cracking of 2.8 molecules per | be overcome to produce such a catalyst. - 
minute per atom of Al over the entire Al Finally, Martens et al. show that- 
concentration range. Since the reaction relatively simple test can be used to obtaina 
rate is first order, the fraction of occupied | detailed insight into the structure of the 
Al sites at 100 torr is less than 1 per cent of | channels and cages of zeolites (Zeolites 4 
the total Al sites and the turnover rate per | 98; 1984). Using n-decane isomerization. 
occupied active site (the turnover number) | and hydrocracking reactions over 
is greater than 300 molecules per minute platinum-loaded hydrogen zeolites as a 
per active Al site. fingerprint, five independent criteria can 
The reaction rates for other reactions, | be found which give consistent and. 
for example I-hexane cracking and supplementary evidence on the structure: 
i~-hexane double-bond isomerization, have | and dimensions of the void space in 
also been shown to be linearly dependent | zeolites. Voids that are characterize 
on the Al concentration. The olefin crack- | terms of unidimensional pores mad 
ing rate is some 800 times the paraffin | 10-membered rings of oxygen aton 
cracking rate while the olefin isomerization | readily distinguished from those 
rate is some 1,300 times the olefin cracking | cages of varied dimensions acc 
rate. The Al concentration needed to through pores made of 8- or 12-mem 
achieve technically relevant reaction rates rings. Surely the consistent reproduc 
can be less than 1,000 p.p.m. for paraffin | of these catalytic reactions — 
conversion and from a fraction ofa p.p.m. | uniqueness of zeolites as catalysts. 
to 100 p.p.m. for other conversions. Lovat V.C. Rees is Reader in one 


Tur nover numbers as large as 4x 107 can Chemistry at the Imperial College of Scien 
be obtained with zeolite catalysts: not dis- | and Technology, London SW7 2AY. 


~~ Catalysis 


mm Lovat V.C. Rees 





ON page 589 of this issue of Nature, Haag 
et al. report a very nice example of the way 
in which zeolites can be used in the con- 
trolled catalysis of hydrocarbon cracking, 
which is best seen in the context of John 
Dwyer’s brief but comprehensive overview 
of zeolites as acid catalysts in the 2 April 
issue of Chemistry and Industry.. 

Zeolites are crystals of alumino-silicates 
permeated by channels and cages of 
molecular dimensions. The active catalytic 
centres are hydroxyl groups — one for each 
Al atom — which are readily generated by 
deammoniation of ammonium- -exchanged 
zeolites on heating to 400°C. On heating to 
temperatures greater than 550°C, 
i however, these Bronsted acid sites are con- 
erted to Lewis sites by loss of H-O. John 
Dwyer clearly indicates the importance of 
zeolites in elucidating the fundamental 
mechanisms involved in the catalytic con- 
version of hydrocarbons. Since zeolites can 
readily be synthesized over a very wide 
range of Si/Al ratios, it is possible to create 
catalysts with active centres whose average 
-Separation distance can be varied in a con- 
_ trolled way. Also, by choosing specific 
_- zeolite structures from a large list, channel 
cage geometry can be varied. Specific 
jannel geometries can also be modified by 
"various techniques. 

With this ability to finely tune zeolite 
~ catalysts. it is possible to observe the effect 
-<z of increasing the acid strength on, for ex- 










































































































































the isomerization of butenes. The shape- 
elective behaviour of zeolite catalysts can 
be readily quantified. Thus reactant and 
product shape-selectivity and restricted 
transition-state-selectivity can be ex- 
plained. The size and shape of the channels 
and cages exert both geometric and diffu- 
_ sional restrictions. The size of the crystals, 
coking, steam treatment and chemical 
modifications affect the products of a 
reaction in easily. explained ways, 

It is usually quite difficult to identify and 
count the number of active sites involved in 
a catalytic reaction but that is not the case 
for ZSM-5, the zeolite studied by Haag et 
al. and in which it is possible to have such a 
high ratio of SiO, to Al,O, that the Al 
atoms are no longer a structure-determin- 
Ing constituent. Haag et al. varie | 
„content of ZSM-5 from 20 to 
a such that the eae liste 













Immunology 


T-cell development in the thymu 


from Ken Shortman 





























for tracing labelled emigrants into the 
periphery have shown that emigrant cells k 
are much like mature T cells, are already 

committed to one or other of the special- 
ized T sublineages and are already func- 
T tional. The essential development of the “8 
; _ have occurred within the e 


MUCH of the development of T lympho- 
cytes takes place in the thymus, away from 
the melee in bone marrow where B lympho- 
cytes and other haematopoietic cells dif- 
ferentiate side by side. What is the purpose 
of this convenient packaging? Is the 
thymus an inductive environment for | ¢ His. . 
Switching the differentiation of uncommit- | thym 
“ted stem cells into: one of the T-cell- 
1 | lineages? Or is it an- immunological 
. | finishing school, generating | a diversity in 7 
the antigen receptors. on the surface of Tp 
cells and selecting those: ost suitable for | attrition rate a ART at culling for 
recognizing foreign antigens presented in appropriate specificity, it could equally a 
tthe context of ‘self? histocompati- | well reflect a low efficiency in the forma- 
bility) antigens on the surface of cells. Oris | tion ofa functional T cell of any specificity. 
it both? A careful study of what goes in and The other part of the equation, the- 
| what comes out can set the limits of what seeding of T cells in the thymus, is con- 
e | | might happen in the thymus. itself. - sidered by Ezine, Weissman. and Rouse on 
Sad devised techniques? for labell- page ; 629° of thi issue- 




















































































population of the thymus of mice whose 


for T cells, have been destroyed by irradia- 
tion. For the purposes of reconstitution, 
Ezine et al. supplied the mice with a mix- 
ture of a large number of bone-marrow 
cells from identical mice and a smali 
© number from congenic mice that carried a 
< different T-cell surface marker. It was 
thereby possible in immunohistological 
studies of frozen thymic sections, prepared 
several weeks after reconstitution began, to 
tell which T cells had originated from 
which stem cells. The results were similar to 
those that had been previously obtained us- 
ing a chromosome marker*: often thymus 
lobes contained no cells of congenic type 
and in other cases discrete foci of congenic- 
type cells were seen, and occasionally an 
entire thymus lobe was uniformly of that 
type. This pattern of distribution indicates 
that the thymus is recolonized by very few 
‘stem’ cells, and sometimes by only one. As 
Ezine ef al. point out, although this model 
does not tell us the actual number of stem 
cells colonizing a thymus throughout em- 
bryonic development, it does suggest it 
could be small compared with the size of 
the T-cell specificity repetoire. That argues 
in favour of the generation of receptor 


diversity within the thymus 
The second issue raised by the study is 


the long-disputed relationship between the 
thymic cortex and medulla. The medullary 
region of the thymus contains most of the 
organ’s phenotypically and functionally 
mature cells (about 10 per cent of the total 
cell population). The simplest interpreta- 
tion is that these are the immediate source 
of cells destined for export, although there 
could be a similar, but small and transient, 
pool of such cells in the cortex. The cortex 
contains the majority of dividing cells and 
the majority of thymocytes, most of which 
are both non-functional and pheno- 
_ typically different from mature T cells. The 
simplest interpretation would be that these 
are the immature precursors of the 
f yedullary population, but this does not ac- 
cord with the intrathymic death of most 
‘cortical cells. The medullary and cortical 
_ populations in fact display a large degree of 
_ independence in cell kinetic studies™*. 

< Nevertheless, Ezine ef al. report cases 
“where both cortex and medulla appear to 
be repopulated by a single clone, sug- 









































cell lineage which populates first the cortex 





and then the medulla. A subpopulation | of 
apparently cortea! blast cells, capable of 





CO! cal and medullary 









a of a ater eat stem ‘cell “sug- 





he- medulla showed reconstitution with 
songenic-type cells, 








laematopoietic stem cells, including those | 


gesting that a single stem cell has initiated a}. 
Ps ‘secular tidal contributions; as a result no 


ested by Ezine et al. Note, however, that 
neetal, also report instances where only. 


: suggesting a direct: 
ig of the medulla without cortical | ` 


involvement. The studies of Joterau and Le 
Douarin’ on colonization of the avian em- 
bryonic thymus also suggest independent 
seeding of the cortex and the medulla. 
Why there might be two separate 
developmental pathways, one cortical to 
medullary, one medullary alone, is far 
from clear. It would make more sense if 
T-cell sublineages of different function 
were handled in different parts of the 
thymus. With our present knowledge, it 
would be more sensible and comprehen- 
sible if all T-cell development, from stem- 
cell immigrants to functional T-cell 
emigrants, took place in the medulla. It is 
the involvement of the cortex, with its high 
level of both cell generation and cell death, 
and with its non-functional lymphoid cells 


Earth science 







of peculiar surface composition, that 
forces us to acknowledge there is 
something interesting happening in the 
thymus that we stilldo not understand. 
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Anomalous satellite motion and © 


mantle viscosity 


from Kurt Lambeck 


For many years geodesists have examined 


evidence for the temporal changes in the | 


Earth’s global shape and gravity field. 
Confirmation that such changes occur on 
time scales of at least several years has now 
emerged from the observation of a secular 
acceleration Q of the node Q of the orbit 
of the satellite Lageos!?, launched by 
NASA in 1976 and tracked ever since with 
high-precision laser-ranging equipment. 
Acceleration of the node implies a secular 
change in the flattening of the Earth and 
the most obvious explanation of this — 
the mass readjustment inside the Earth 
associated with the rebound of the crust 
after the melting of the Late Pleistocene ice 
sheets +? — has recently been analysed in 
detail by Wu and Peltier’. 

One benefit of the measurement of the 
anomalous orbital motion is that it will 
provide an additional estimate of the vis- 
cosity of the mantle, a quantity that is 

central to discussions of mantle convection 
yet remains uncertain. The information on 
viscosity contained in the observation of 9 
is the same as that contained in the obser- 
vation of the Earth’s secular acceleration 
but the latter is contaminated by other 
physical processes, most notably the 


re for ihe’ non-tidal acc 





with the po: 








fore reflect a more direct measure of the. 
mantle’s effective viscosity. 


The. power of the analysis of satellite | ce 


orbits to determine the dynamic flattening, ‘| 
i Jis of the Earth with high precision is well.) chan 
known‘. Nonetheless, observations. of F $ 









acial E for ease | 
very long-period contributions could arise | 
from electromagnetic coupling forces | 
acting at the: core-mantle interface. The | 
orbital perturbation in the node may there- | 


| oceans. Locate: 





temporaral fluctuations in this quantity 
have proved elusive. What was missing, 
until Lageos, was a satellite that could be 
tracked with great precision and whose 
orbital motion was almost entirely 
governed by the Earth’s gravity field. 

The two studies use nearly the same 
Lageos data and there are many simi- 
larities in the orbital analyses used. Yet 
their results for the secular accelerations 
differ significantly: Rubincam’ obtains 
(-10.8+2.4)10° are s yr? as the value of Q 
while Yoder et al.! obtain (-14.741.3)103 | 
arcs yr-?. Are we in for another long debate _ 
on the correct value of a secular variation 
matching that of the Earth’s non-tidal 
secular rotation? Why do these differences _ é 
occur? The problem may be partly one of 
contamination by long-period tidal contri-_ 
butions because superimposed upon thes: 2 
secular motion of Q are long-term parioa 
fluctuations due to the tidal deformations - 
of the Earth, principally the 18.6 year tide. . 
The periods of these tides are well known 
but the amplitudes are not, primarily 
because both the ocean response and 
departures of the solid Earth’s response - 
from that of an elastic body remain un- 
certain’. Thus with only 5.5 years of data 
the Lageos results are still very preliminary. 

In more leisurely times the authors would 







l have patiently waited until a much longer 
record had been painstakingly acquired, 


but one cannot be sure that NASA will still 

be tracking Lagi a few years from now. 
Whatever t answer, Wu and s 

Peltier be i liev „ean: be aana as. 
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orbits undergo secular changes. Many 
attempts have been made to deduce mantle 
viscosities from these direct and indirect 
observations of the post-glacial rebound 
_ but the results have remained conflicting. 
hat can be said is that nearly all obser- 
-vations are accommodated by mantle 





models of uniform Newtonian viscosity of © 


10*'-10” P, Where controversy arises is in 


whether there is a significant depth- depen- | 
dence of viscosity, whether this viscosity is - 


linear and whether there is evidence for 
lateral variations in viscosity, A principal 


reason for this state of affairs is that the | 


results are only as good as our inadequate 


knowledge of the distribution and melting — 


history of the ice loads themselves, partly 
determined by the rebound observations, 
particularly by observations of sea-level 
changes 7°, 


The new J, or Q observations are largely | 


consistent with the uniform and 
Newtonian viscosity range of 102'-1022 P. 






conclude that the data imply there to be a 
thick elastic lithosphere overlying an upper 
mantle of viscosity 1072 P and a lower 
mantle viscosity of 1~3x1022P. The 


: average thickness of this elastic lithosphere | 


-İs estimated to be about 120 km with the 
~ continental layer being at bout 200 km thick. 
This conclusi 1 by assuming a 
l ji letérmined by local 
f rebound!’ and then 















co from ie rotation data. The conclusion 
3 __ therefore remains dependent on the 
~ -assumed ice history. Other recent studies 7-9 


à -have shown that the proposed melting 
histories remain inadequate to explain sea- | 





, level changes in tectonicall stable regions 
5 far away from. the 














eine the far: field Holocene. ! 
. fluctuations are responsive main} 
mantle flow induced by the added 


_ water rather than the flow. under the former 
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Wu and Peltier? have attempted to | 
-combine this observation with those of the | 
rotational response to deglaciation and | 


: ing the lithospheric thickness | 


E for growth competence; and it isin this 
| phase that c-myc is implicated; 
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Message of myc in context 


from Miranda Robertson 


THERE are two reasons for the exceptional 


concentration of research on the cellular | 


myc proto-oncogene (c-myc). The first is 


historical. The chromosomal transloca- 
| tions characteristic of Burkitt’s Iyi- 
phomas transfer c-myc from its normal 
context into an active immunoglobulin _ 


locus', where it was quickly identified bya 


number of research teams whose vigorous | 


investigations on the molecular basis of an- 


deflected to the molecular basis of cancer. 

The second is the nature of the c-myc gene 
itself. Unlike many other oncogenes, c-myc 
is expressed in a wide variety of both nor- 


| mal? and tumour? tissues, and can there- 
fore be expected to have some general. signi- 
ficance. This expectation is borne out by- 
two recent papers directly implicating © 
c-myc in the control of normal and. abnor- | 


mal cell growth*', 


The implication. of all the recent. a 
research, broadly, is that what. changes , 


during tumorigenesis is not c-myc itself but 
the regulation of its production. The 


evidence comes partly from the two recent | 


papers*> on changes. in c-myc expression 
during the growth cycle of tumorigenic and 
non-tumorigenic cells in vitro, and: partly 
from the latest investigations. on the in- 
teraction of c-myc with the regulatory 
mechanisms operating on the 
immunoglobulin locus in Burkitt’ ’s lym- 


| phoma cells. 


cm rye and the cell cycle 
The data on the cell-cycle 
c-myc come de a four laborat rie S: 









E 


Pardee’, The aim of their. a was | 


to establish where the product of the c-myc 


gene might act in the successive steps by | 7 
which cells progress through. their growth | 


cycle. There is evidence, cite: | in bot} 
papers, that the progressi 


quiescence to DNA synthesis (that is, | 
through G)-G,)can be divided into | 


roughly three phases, each triggered by dif- 
ferent tissue-specific growth factors. The 
first phase is known as the phase of priming. 


Kelly et a/.4 have been able to show thata 


fibroblast mitogen, platelet- derived | 
growth factor (PDGF), and two lym- | 
phocyte mitogens, concanavalin A and 


lipopolysaccharide,. stimulate the expres- 


believed to act early in the cell cycle to in- 
duce competence; and all stimulate: tran- 


-sient expression of c-myc within 1-2 hours, 
with a return to baseline well before the 
onset of DNA synthesis. 





‘regulation of 





| et al. experiments c- mye. and c-Ki-ra 
|. sion of c-myc in those celis that normally | 
| respond te them. All three: mitogens are 


The activation of c-myc by PDGF is par- 
ticularly noteworthy, and indeed is par- . 
ticularly noted by Kelly etal., inthelight of 


_ the very close relationship between the se- 


quence of one chain of PDGF. and that of 
the product of the c-sis oncogene®’. This 


-may be the first clear illustration of how the .-. 
cellular proto-oncogenes encode different “3 


components of a single regulatory chain, 


| disruption of any part of which could con- 
tibody diversity were immediately | 


tribute to tumorigenesis. 
The implication of the Campisi et al.5 


data is that after a normal cell has been = 
transformed into a tumour cell, regulation 


of the c-myc gene may be disrupted i in such 


| a way that its activation is independent of 
: growth factors. They have measured c-myc ` 
expression during growth and quiescence —_- 
-in three cell lines: the non-tumorigenic 


mouse fibroblast line A31, and two 
tumorigenic derivatives, BPA3] and 
DA31, both transformed by chemical car- 
cinogens, The growth of all three lines can 
be arrested by starvation (though the 
tumorigenic cells are slower to. -respond); 


but whereas arrested A3l cells. cease to ex- ae, - 


press c-myc, the transformed cells continue : 
to express the oncogene at: the same devel 
after arrest, Apparent C- i aS 











nt with the notion, derived iculazty i 


that c-myc is one of a class of on- 
ogenes whose activation. immortalizes 
{A31 cells are already immortal) and 
hat a second gene (for example one of the 
as family) is needed. to. complete transfor- 
‘mation, But then, this categorization is in $ 
any case operational and indeed Landeta 
explicitly state thi 









talizes. What all this probably means i 
tumorigenesis is a function of in 
between different oncogenes (in 


a not be the same in all tumours. There _ 
for example, no way of knowing 
ee the deregulation of c-myc in 
BPA31 and DA3I cells is due toachangein © 
the regulatory region of the gene itself, or 
to the deregulation of some other compo- 


nent of the je pathway in which c-myc par- 




























insfection. experiments. of Land et © 


1 they have no direct... : 
evidence that c-myc transfection: immor- eer 



















Untranslated 


Normal promoters 
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Coding 


Cryptic promoters 


which is on chromosome 8 of man, has three exons, the most 5: 


moters at the 5’ end of exon 1: 


constant-region segment, containing four exons (shaded area). 


ticipates: it might even reflect changes in 
C-SIS. 

It is in establishing a precise mechanism 
for c-myc deregulation that Burkitt’s lym- 
phoma cells may be important. In those 
cells, the c-myc gene on the normal 
chromosome 8 is silent, while its allele, 
which has been translocated to an im- 
munoglobulin gene locus, is constitutively 
active. Thus deregulation must be associ- 
ated with the translocated gene itself, or its 
flanking DNA. The latter could be either 
from the original context of c-myc on 
chromosome 8 or from its new context in 
the immunoglobulin locus (usually on 
chromosome 14). 


Mutation and derepression 
There have been, very broadly, two schools 
of thought on the mechanism of c-myc acti- 
vation in Burkitt’s cells. The first, which 
derives from George Klein’s original obser- 
vations. on Burkitt’s translocations i2 is 
that the an 


tivity of the immunoglobulin locus in the 


ticle’. The alternatives that the c-myc ge 
and its own regulatory. sequences are 
altered in the transloc . 

One possibilit 











y that. 
s that c-myc is activated by 
~~ mutations in its coding exons. The c-myc 
gene has three exons (Fig. 1a), of which on- 

ly exons 2 and 3 are translated BH Exon 1, 
which is highly conserved, is suspected of 


-subserving a regulatory function. In no 


-> ease is either exon 2 or exon 3 broken in the 





wer lies in the constitutive ac- 


~ Burkitt's cell tran slocations; and with one | 
- exception (which will be discussed later) no- 


mutations have been found in the translo- 
cated coding exons (ref. 15 and C. Croce, 
personal communication). Attention has 


thus recently been focused on the putative - 


regulatory exon, exon I. The issue is theim- 
portance of the loss of myc regulatory 
regions relative to that of acquisition of im- 
munoglobulin regulatory elements, in the 
activation of the translocated c-myc gene. 
The evidence in favour of a regulatory 
function for exon 1 of c-myc is strong but 
circumstantial. Exon 1 is highly conserved 
across species in the cellular gene, but en- 
tirely absent from the v-myc oncogene of 
tumour viruses. This strongly implies that 
it is vital to the normal function of the gene 
but unnecessary or even inimical to its 
transforming function. Leder and his col- 
leagues have put forward the theory that 
the 5’-untranslated region including exon | 
is the binding site for a transcriptional 
repressor, possibly induced by, or even 


identical to, the c-myc product itself'*. | 
This kind of regulatory feedback could | 


clearly account for the transience of c-myc 
activation by growth factors; and Leder 


and his collaborators have bolstered their 





case by showing that when protein syn- 
thesis is inh by cycloheximide, 
transcription of c-myc in response to 
prolonged‘. 








_ablement of exon 1, or other sequences 5° | 
to the coding exons, is associated with the | 
production of tumours. (That the trun- f 
|. cated gene can be transcribed atall is due to- 

‘a copious supply of cryptic promoters in | 
‘the first intron: see Fig 1a.) 
















| the constitutive activity of the immurte" 
| globulin locus is more important than the 


-to-exon | cannot be ruled out. 





Burkitt’s lymphomas, however, have 
failed to comply with this picture of c-myc 
activation: in many of them, the c-myc 
gene is translocated intact (see Fig. 2a). 
This has been interpreted as evidence that... 


state of exon 1 of c-myc in deregulating the 
translocated gene. Recent results from 
Leder’s and Rabbitts’s laboratories suggest 
an alternative, arising from a second spec- 
jalized property of the immunoglobulin 
locus. Through a mechanism that is still not 


| understood, antibody diversity is increased 


by the generation of somatic mutations in a 
discrete region of DNA normally occupied 


| | by the variable-region segment of the im- 
| munoglobulin gene. In- Burkitt’s lym- 


phomas, this site is usurped by c-myc; and 


| Rabbitts et al." have shown that in one 
| case — that of the Raji cell line — the trans- 
| located c-myc gene has undergone exten- 
| sive mutation. Leder and his colleagues — 


have now used sequencing and S , mapping 
to demonstrate mutations in the intact 


| exon 1 of two more Burkitt’s cell lines '*; 


and Rabbitts ef al. '? have found mutations — 
in yet another two. ~ a aia 


If exon 1 of translocated c-myc genes - 


were invariably either mutated or lost, this 
might be taken to resolve the activation 
issue in favour of the gene rather than the 
immunoglobulin locus. There are two com- 
plications, however. The first arises from 
Rabbitts’s original data on mutations in 
Raji cells. These mutations extend into ex- 
on 2, the coding portion of the gene, where 
they result in 16 amino acid substitutions. 
It is hard to imagine that these would leave 
the myc product functionally unaffected; 
yet conserved myc function seemes to be 
essential to tumorigenesis >. 

This particular paradox is resolved b 
the activation, in Raji cells, of the untrans 
located c-myc gene — which is silent in 


other Burkitt’s lines'?*°. Rabbitts at- 


tributes the activity of the untranslocated 
c-myc gene directly to the mutant product 
of the translocated one, under Leder’s 
repressor theory. If the myc product usual- 
ly mediates. or induces repression. of the 
c-myc gene, then a mutant product may 
lead to a failure of repression. This leads to 
another paradox, however, since the nor- 
mal c-myc gene once activated ought 
presumably to induce its own repression. 
There are various possible ways out of this 
difficulty, but in the present state of know- 
ledge they are all more or less arbitrary. 

.. The second complication arises from 







‘| some data, not yet published, from Croce 
and his collaborators (personal communi- 


alterations to other conserved seq 
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Importance of context 

Can any sense be made of the data so far? 
Yes, but only by disregarding for the time 
being the particulars of exon | and refocus- 
„ing on the behaviour of the immunoglobu- 
trlocus, and the normal c-myc gene, in the 
course of normal B-cell differentiation. 
Both undergo sequential changes in tran- 





scriptional activity as the cell progresses. 


from the proliferating lymphoblastoid 
Stage to the terminally differentiated 
plasma cell in which transcriptional activa- 


tion of the immunoglobulin locus reaches | | 
its peak. In lymphoblastoid cells, both the - 
immunoglobulin locus and the c-myc gene | 


are transcriptionally active: Burkitt’s lym- 
phomas represent a later stage of differen- 


tiation, in which the c-myc genes are pro- | 
bably normally silent and the activity of the 
immunoglobulin genes is increased. Mouse | 


plasmacytoma cells, which have chromo- 
somal translocations equivalent to those of 
Burkitt’s cells, represent the terminally dif- 
. ferentiated state, with immunoglobulin 
ranscription at its height. 

By making somatic cell hybrids between 
different combinations of these cell types, 
Croce and his associates have, in effect, 
been able to assay the regulatory signals ac- 
ting on both translocated and untranslo- 
cated c-myc genes against each differenti- 
ated cell background. I have already dis- 


cussed' the results of a series of ex- 


periments on the behaviour of untranslo- 
_ cated c-myc genes. The c-myc gene on the 
--untranslocated chromosome 8 in Burkitt’s 
<- Cells is silent in the lymphoma cell but 


| - transcriptionally active in a lymphoblastoid 
_ cell background. The normal active c-myc 


genes of the lymphoblastoid cell, by con- 
trast, are silenced when. transferred to a 
mouse plasmacytoma cell. This presum- 
ably reflects the influenc of stage-specific 
regulatory factors acting on the. normal 
regulatory sequences of the c-myc 





















same lines*', Croce 
have gone on to 
specificity of trans¢ 
the translocated 
presumably : =e 
influences. o 
Indeed, by choosi 
which the translo 
the c-myc gene a 
locus, they have b 
procal translocation 


e the reci- 
2b-and c) to 









8. (Fig. 


assay separately the regulatory elements of 
the two separated parts of the immuno- 
parts of 


globulin locus on the separated 
c-myc in two different background 
phoblastoid and plasmacytoma. 

The Burkitt’s cell line that Croce and his 
co-workers used is ST486, in which there 
iis a reciprocal translocation between 
ychromosome 8, which contains the c-myc 
ocus, and the immunoglobulin heavy- 
chain locus on chromosome 14. The break 
on chromosome 8 falls between exon 1 and 
exon 2 of c-myc, the two coding exons be- 







ing transferred to the immunoglobulin 
locus on chromosome 14 (see Fig. 2b) while 3 





exon 1, left behind on chromosome 8 (Fig. | 


just such a long-range enhancer. 


the activation of the putative long-range 
enhancer is strictly stage-specific. 


‘Tocally translocated exon 1 in plasmacytoma 


a Chromosome 8 


b Chromosome 8 


5 


Coye 


d Chromosome 8 





coding exons (b and c) and sometimes 
translocation is between chromosome 


2c), is joined to a fragment of the immuno- 
globulin locus containing the one known 
tissue-specific regulatory sequence 
operating on the immunoglobulin genes — 
the enhancer sequence upstream of the 
constant-region segment (see ref. 1). 

One of the many earlier reverses in the at- 
tempt to understand c-myc activation in 
Burkitt’s cells was the discovery that this 
transcriptional enhancer is usually 
separated from the immunoglobulin locus 
in the translocation, and thus cannot ac- 
count for the transcriptional activation of 
the invading c-myc exons. Since the c-myc 
exons are activated notwithstanding, it 
became clear that there must be some other 
transcriptional activator operating on the 
immunoglobulin locus. Moreover, because 
some of the translocations place c-myc far 
away from the constant-region segment, it 
must operate over a very long range. Croce 
now believes he has indirect evidence of 


In hybrids between ST486 and lympho- 
blastoid cells, in which as a general rule the 
immunoglobulin genes of both parent cells | 
are expressed, the translocated c-myc gene 
of the ST486 cell is silent — despite having 


interprets this to mean that the putative 
factors responsible. for transcriptional 
activation of the immunoglobulin locus in 
lymphomas are absent from the lympho- 
blastoid cell background; in other words, 


The evidence for Stage-specificity is 
strengthened by the behaviour of the recip- 


cells. In its original Burkitt's lymphoma 
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Fig.2 a, Typical translocation with c-myc intact; b, typical translocation with c-myc separated 
from its exon 1; c; reciprocal of translocation shown in b. The typical translocation in Burkitt's 
lymphoma cells involves: a reciprocal exchange between chromosome 8 and chromosome 14, 
resulting in the juxtaposition of the c-myc gene with the immunoglobulin heavy-chain constant- 

region locus C, the two genes being in reverse transcriptional orientations (shown as 5'-»). The . 
| distance of the chromosome 14 breakpoint from the constant-region locus is extremely variable; - 
the breakpoint on chromosome 8 also varies, sometimes separating exon | of c-myc from the | 
not (a). d, In the rare variant translocations, the 
8 and the immunoglobulin light-chain loci on 
chromosome 22, as shown here, or on chromosome 2. In these cases c-myc remains intact on 
chromosome 8 and is joined to the constant-region locus of one of the two light chains, tail to- 
head, so that both are in the same transcriptional orientation. | 


_cribed, presumably under the influence of 
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background, the isolated exon 1 is trans- 
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Archaeopteryx palaeontological myopia 


Sir — Howgate'! criticizes our interpreta- 
tions? of the homologies and morphology 
of the Archaeopteryx manus by distorting 
and misrepresenting our viewpoints. 
Palaeontologists have identified the digits 
of theropods, Archaeopteryx and birds as 
digits 1-2-3 of the primitive reptilian hand 
whereas embryologists*’ have identified 
the bird digits as 2-3-4. Do the similarities 
observed by palaeontologists have greater 
weight than the evidence derived from on- 
tageny by embryologists? 

“The correspondence of the number of 
: phalangeal elements in the manus of Ar- 
chaeopteryx with the primitive reptilian 


~~ formula has convinced palaeontologists — 


that the digits of Archaeopteryx represent 


the digits 1-2-3. We stated that the digits of © 


birds must be 2-3-4 based on embryological 
work, If Archaeopteryx is a bird, it 
should have digits 2-3-4 and not 1-2-3 as 
suggested by Howgate’. 

Howgate! states that we’? resurrected 
“a broken phalanx hypothesis” proposed 
by Heinroth® which states that there was a 
break in the proximal phalanx of topo- 
graphic digit 3 and that we ‘arrived at a 
non-theropod phalangeal formula 
(2-3-3). We cited Heinroth? because it 
was essential for a complete review. We* 
stated that ‘‘The break or joint in the first 
phalanx of the fourth digit appears im- 
mediately distal to the immobilized area’. 
We again stated? (p.144) that ‘‘either a 
break occurred in the first phalanx (of the 
last digit) or if there are two phalanges a 
distortion of their orientation”. We did 
not conclude that the phalangeal formula 
of Archaeopteryx was 2-3-3, but only 
stated the possibility of there being a break. 
Contrary to Howgate', only the Berlin and 
Maxberg specimens have the essential areas 
of the manus preserved as bone. Their state 
of preparation precludes a definitive state- 
ment of the phalangeal formula of Ar- 
chaeopteryx. — ae 

in the left manus of the Berlin specimen 
there is a laterally directed flange on the 
first phalanx of the middle digit, directed to 
the junction of the supposed joint or break. 
Howgate implied that we? said that this 
flange ‘‘served to brace and strengthen the 
wing’’!. Howgate! further states that “‘the 


‘flange’ appears to be a secondary.|. 
outgrowth due to injury or disease and not | 






an original morphological structure”. We 
did not state that this flange cou 
brace the wing since such a small structure 
cannot brace an entire v ving. This function- 
al misconception can only be attributed to 








oe _. Howgate. His illustration of the right 
manus demonstrates that this area is 


covered by matrix and a digit. Therefore 


3 E how can he conclude the flange is an 


- anomaly or a normal structure? 
ian Attempting to make our explanation ap- 
_ pear ludicrous, Howgate'! implies that our 


- fourth digit (its crossing under the third 





Id serve to | 


scenario’? of the preservation of the 


digit) was the result of Archaeopteryx 
“crossing its fingers hopefully as it plunges 
at high speed in the sea wing-tips first’ *,We 
stated (as a scenario) that the break or joint 
in topographic digit 3 was caused by forces 


during stalling?'°, impact upon the water, | 


or as a result of preservation. Howgate' 
also stated that ‘‘all the specimens of Ar- 


chaeopteryx with a well preserved manus | 


have the second and third digits crossed’’. 
This is not the case since the Maxberg speci- 
men!! has a manus without this condition. 


The important aspect of the homologies | 


of the avian manus is the debate between 
the 1-2-3 and 2-3-4 hypotheses and the im- 
plication that different developmental pat- 
terns in digit reduction can produce similar 


morphologies. 
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Evolutionary unease? 


SiR — Peter Fellgett raises an interesting 
suggestion! that the study of cybernetic 
feedback loops throws light on the redun- 
dant (multiple copy) nature of functional 
genes and hence places the evolution of this 


phenomenon within the rubric of Darwin- | 


ian natural selection. His proposition is 
that selection has favoured organisms in 
which gene redundancy not only protects 
them from mutation but also leads to en- 


hanced prospects for survival in that ‘anew | 






[biological] program would run rather than 
crash’. He considers this system of ‘selec- 
tion for selectability’ as more acceptable 


| than so-called alternative ad hoc sugges- 







molecular drive, which he 


that selection is our basic null hypothesis. 


I have no objection to Fellgett’s basic | 


proposition, although I cannot understand 
his premise that the scientific necessity for 
alternative mechanisms depends on which 
side of the Darwinian fence they fall. Mole- 


cular drive? is based on several well-known | 


processes of non-reciprocal exchange bet- 


_ ween redundant genes, all of which have | 
the interesting and biologically important | 
effect of continually replacing a family of | 


- same family between species and for dif- 
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genes with newly-arising mutant genes, 


throughout a sexual population. This 
| mechanism of spreading a mutant gene, Or 


parts of genes, can explain the widespread 
observation of clear differences between... 
species in the way in which families have 
become replaced (homogenized). The 
phenomenon has been observed in families 
of both protein-coding and RNA produc- 
ing genes and in non-functional DNA 
families, generally irrespective of the 
degree of redundancy or chromosomal 
dispersion of the families. Hence it is €x- 
traordinarily difficult to explain by selec- 
tion alone the parallel homogenization of 
hundreds of families and the accidental 
gain and loss of complete subfamilies and 
families, across any one species, without 
invoking generally implausible ad hoc 
scenarios. Genetic turnover potentially con- 
stitutes an independent mechanism of pop- 
ulation change with respect to both the de 
novo origin and the subsequent behaviour | 
of redundant genes. Selection and drift can 
be expected to interact with this mechanism, 
depending on the gene family and popula- 
tion structure in question (see refs 2-9). 

1 am quite comfortable with Fellgett’s 
idea that the origin of redundancy (and I 
would add the existence of nonreciprocal 
exchange processes within the redundant 
families) might be due to selection via 
cybernetic multiple feedback loops, that is, 
the processes underlying molecular drive 
have arisen via natural selection. There is 
nothing in evolution that cannot be ex- 
plained by natural selection, if that is our 
starting point. However, this possibility 
would need to take into account why so 
many hundreds of qualitatively different 
genic and non-genic DNA families exist, 
why the degree of redundancy varies over 
several orders of magnitude both for the 






ferent families in the same species, why _ 
many families differentiate into multiple 
subfamilies, and why there are continual 
rounds of family homogenization by 
variant genes or parts of genes across a 
species. An unsubstantiated appeal to a 
seeming Darwinian ‘‘selection for selecta- 
bility” based on cybernetic theory is not a 
sufficient justification for discounting the 
necessity for an additional evolutionary 
mechanism which is based on known DNA 
turnover mechanisms within the genome, 
That molecular drive is non-Darwinian is 
surely irrelevant. 
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~The active site of acidic aluminosilicate catalysts 
. Lago & P. B. 
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The availability of solid acidic catalysts based on zeolite ZSM-5 make possible observations on the nature and the absolute 
rate behaviour of the individual protonic sites. Tetrahedral aluminium atoms are. the highly reactive ingredients, even at 
levels of parts per million, or less. Turnover numbers for several hydrocarbon reactions equal and exceed familiar enzymatic 
turnover values. Intensive catalytic activities can result from aluminium levels likely to be ignored by the CX PENMERIER 
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THE acid catalytic activity of aluminosilicates is usually assumed i 
to reside in sites involving tetrahedral aluminium atoms in 
substitutional positions in the framework of silica; the negatively 
charged aluminium sites are associated with cations which, in 
\ the case of acid catalysts, are protons. It has, however, been — 
“difficult to identify and count the number of active sites, and - 
thus to determine quantitatively the turnover rate of which. these a: 
sites are capable. With the availability of zeolitic catalyst, and _ 
particularly of ZSM-5 catalysts, such a quantitative description 






is now possible. 

For many decades, acidic clays and amorphous: silica-alumina 
compositions have been used to catalyse the cracking of carbon- 
carbon bonds, for alkene isomerization and polymerization, 

aromatic alkylatio: h alkenes or alcohols, transalkylation, 

and other. acid-cata d reactions. The cracking of alkanic 
3 bonds requires. the highest activity; alkene transformations 
ire lower catalytic strength and/or lower temperature. 












- \ctivity of aluminosilicates 

OCA convenient measure of activity is based on the alpha (a)-test'* 

|. which has been refined’. It consists of measuring the first-order 

rate constant for the- 

100mm Hg. For compa : 
: to the activity of a 

ilica~alumina cat 


hp 


irst-order rate Ci 

















ne ai. of k= “0. 067 s` 
ate Er T of 13x 





107 mols g™' o 

catalyst particles 
By definition; K 

conversion). Pre 








ined fot ataeiical reactor oper- 
> rate, we use the more accurate 





o value based on vape 
-on unit weight of | 


ict -As the above G aan about 0. 002 w of Al g’, the 
turnover rate above corresponds to only 4x407? molecules 
min”! per atom of total aluminium in the sample. However, the 

are both accessible and in the 

ral substitution in silica: 


fraction. of the Al atoms which 
proper chemical condition 
struct e) is unknown. 

‘With the zeolites así ie solids 







ee 






contact. 


With zeolite Y in the hydrogen (protonic). form, æ activities 
higher were observed™?. 
implies. a turnover capability of the order of 2-10 ; 
ka Al atom. However, the papivetsnce and 










a of between 1,000 and. 5,000 and” 








mole ules min 






sking- raed n- -hexane at 538°C at 


reaction conditions (538 °C) and 


we have progressed from — 
\ solids with a, usually unknown, number of active sites available 
SH the geometric particle surface to an essentially ‘transparent’ - 
medium: all intra-crystalline sites can be available for molecular- 


degree of. participation of all Al atoms was not clear i in view ‘of a a 


_ the high aluminium atom density i in this zeolite, approximately ` 
_ one Al atom for two Si atoms, and the ease with which aluminium 
can undergo hydrolysis and removal from the framework. 


i Physical chemistry of ZSM-5 


In contrast to zeolites previously used as catalysts, the 


- aluminium atom concentration in zeolite ZSM-5 is very low and 


continuously variable over many orders of magnitude, as iilus- 
trated by Fig. 1. The representation of aluminium concentration 
when expressed in terms of the SiO,/AI,O; ratio traditionally — 
adopted to characterize zeolite mineral structures, demonstrates - 
the variability and unique diluteness of Al-atom concentration ae 
achievable for ZSM-5. oe ase 
The factor of most physical chemical significance is ak 
ZSM-5, Al atoms are no longer structure-determinin 
stituents, that is, they no. Jonger contribute a TIm pi 
the framework structure’. 
The average distance bets 
to several to many atomi 
should approach random 
random model (subject: o 
rule) may be applicable te to 
a vape of 2.0. 















2004 







| ZEOLITE 
"ZSM-5 


CO WEEE oe 


N 
AN 


MORDENITE 






Fig. 1 Al atom concentration: end d Si0,/ AIO, ratio for vario so 
a . zeolites. ‘ 
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A Fig. 2 ` The hexane cracking activity plotted against the aluminium 


content in HZSM-5. Shaded band indicates activities near a = |; 
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Fig.3 The Brønsted acid site in HZSM-5 and its interaction with 
a base. 





samples, with average Si/Al value R, statistics will produce 
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=o Jn all cases, i 
















characteris 
forces) 


C bond cracking activity per site 
‘to zero for aluminium concentration tending to zero’. This 
~ magnitude of both activity and Al concentration, down to nearly 


= 20 p.p.m. of Al, as seen in Fig. 2. F or orientation, acti 
ind belowe ~!l correspond to levels actu ally used t 





rocesses. — 





angle spinning (MAS)-NMR data have shown® that in the” * 
dehydrated state aluminium is in a tetrahedral environment = 


‘The a activity is proportional to Al contents and extrapolates | 
“dependence has now been extended over nearly four orders of 


vities near | 
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Fig. 4 The activity of H ZSM-5 plotted against the tetrahedral 
aluminium NMR signal. 
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Fig.5 Comparison of rate constants at 454 °C, of hexane cracking, 
hexene cracking, and hexene double-bond (DB) shift (after ref. 18). 


The active Bronsted acid site in a hydrogen zeolite and its: 
interaction with a base or substrate is depicted in Fig. 3. Magic 


which is asymmetric, in agreement with Fig. 3 (left-hand side). 
On interaction with an added base, B, such as water’ or 
ammonia’, the aluminium is in a highly symmetrical tetrahedral 
coordination’, as indicated in Fig. 3 (right-hand side). 

A meaningful quantitative correlation of activity with total 


aluminium content can be expected only when all Al atoms are 
in tetrahedral framework positions. Hydrolysis to give extra- 
__ such as zeolite Y'°. In HZSM- 












zeolites with low Si/Al ratio 
this can be readily prevented 
sure 
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the IR spectrum assigned to Brgnsted acid sites'*, and the 
intensity is proportional to Al content. A second IR hydroxyl 
band at about 3,720 cm“ is due to crystal terminating OH groups 
or to silica gel impurities'*"*. | 
a£) The ammonium form can be quantitatively reconstituted and 
> Lewis-bound pyridine can be found by IR'”, that is, all Al 
atoms in the zeolite framework are in tetrahedral coordination. 
(4) Measurements of the ion exchange capacities of a series of 
HZSM-5 samples with various Si/Al ratios show a 1:1 molar 
ratio of the exchanged cation, caesium, to the aluminium 
content’. a | 
(5) The temperature-programmed desorption (TPD) spectrum 
of ammonium-exchanged ZSM-5 shows a single high-energy 
desorption band with Tmax at 400°C as observed by Kerr and 
Mikovsky, and others'*. Kerr and Mikovsky (unpublished data) 
have shown that it is not composed of a multitude of bands 
resulting from ammonia elimination from acid sites of different 
acidity, as is found with HY zeolite’. The molar amount of 
ammonia eliminated is equal to that of the chemically deter- 
mined total aluminium concentration for a series of HZSM-5 
samples’. After exposure to excess ammonia vapour, the 
ammonium form desorbs ammonia from two additional lower 
energy states, giving rise to three desorption maxima, that are 
sometimes erroneously thought to indicate the presence of three 
ypes of acid site!®!7, E oa 
We can now demonstrate in Fig. 4 the proportionality of «æ 





activity to the tetrahedral Al concentration, as determined by 


MAS-NMR’. Clearly, the tetrahedral Al atoms (Fig. 3) and their 
associated protons constitute the active site. i 
With such quantitative data for the. number of active sites 
available, absolute molecular turnover rates and numbers can 
_ The absolute turnover rate for n-hexane cracking at the stan- 
dard test conditions (538°C, 100 torr n-hexane pressure) is 
| d to be about 2.8 molecules min™' per atom of Al, for 
oncentration range. 
f: the reaction rate is indistinguishable from first 
rder for the entire pressure range 10-760 torr. Therefore, the 












+ 


fraction of occupied Al sites at the pressure of measurement 
(100 torr) must be <1% of all Al sites. It follows that the turnover 
fate per occupied active site (the turnover number) is greater 
than 300 molecules min™’ per active Al site. 7 


Acid-catalysed 
e intrinsic rate con 
tions are proportio1 
therefore to the numb 
toluene disproportion 


Bate” 

















any other acid-catalysed reac- 
of the ZSM-5 catalysts, and 
ms; they include the rates for 
ie isomerization, alkene con- 
'*, These rates are all greater 









on rates we have observed for 
acking, and I-hexene double 
solute rate was found to be propor- 
im concentration, as shown by the 
acking rate is some 800 times the 
ikene isomerization is some 1,300 





ccur ata liquid hourly space 
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Table 1 The magnitudes of the turnover values for ZSN 
100 torr : 











Turnover rate — 
(molecules 

min”! per 

| Al site) 

n-hexane cracking |. 0.37 

I-hexene cracking | | 290 > 29,06 

i-hexene double-bond isom. 370,000 Bax id’ - 








From data of Lago and Haag: see ref. 18. 


by the shaded area in Fig. 5—can be below | 000 p.p.m. Al for 
alkane conversion, and as low as a fraction of a p.pum, to 
100 p.p.m. for various other conversions such as those involving 
alkenes. Hence ‘discoveries’ of significant but unexpected 
catalytic activity on siliceous zeolite compositions can occur = 
due to ignorance of the role of unanalysed amounts of lattice = 
aluminium. ee 
Table 1 presents the magnitudes of the turnover figures at) ā © 
454 °C, expressed in the units (min) characteristic of enzymology, 
(These magnitudes are large and not dissimilar from those > 
encountered in enzyme catalysis.) He Sain, tet hiss 





Experimental procedures _ 





mined by digesting the zeolite ina HF/H,SO, mixture,evaporat- 
ing to dryness, dissolving the residue in hydrochloric acid and, ~ 
after addition of potassium chloride as an ionization and inter- 
ference suppressant, analysing by atomic absorption. spec: 
trometry. The accuracy of the Al analysis depends on the con 
centration in the original sample with the followin 
ies: for 1,000, 100 and 25 p.p.m. Al—5%, | 0% and 25%, r 


















tively. Pion ae 
The concentration of framewor 
determined quantitatively -b 
FX-200 Fourier transform spe 
will be published elsewher 










Conclusions — 
It has been experimental 
for acid catalysis on alum 
identifiable with a protona 
the SiO, framework. a 

The number of sites an 
determined, using ZSM-5 
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Effect of somatic mutation within translocated 
c-myc genes in Burkitt’s lymphoma 
T. H. Rabbitts’, A. Forster’, P. Hamlyn’ & R. Baer” 


* MRC Laboratory of Molecular Biology, and t Ludwig Institute for Cancer Research, MRC Centre, Hills Road, Cambridge CB2 2QH, UK 





meanman 








Our previous studies of a translocated c-myc gene in the Raji Burkitt's lymphoma cell showed somatic mutations in exons 
l and 2. We have extended these observations to two other translocated c-myc genes and find a common occurrence of 
mutation in the noncoding exon 1. We also found that in Raji cells, unlike other Burkitt s lymphoma cell lines, the normal 
allele of the c-myc gene is transcribed as well as the translocated gene, These results support a model in which c-myc 
ne oncogene activation in Burkitt's lymphoma occurs by disruption of a normal transcriptional control mechanism in which 


the c-myc protein is itself involved. 


< BOTH human Burkitt's lymphoma (BL) and mouse myeloma 


--¢ells display specific chromosomal translocations involving 
~~ immunoglobulin gene loci and the c-myc proto-oncogene’”’. In 


- Burkitt's lymphoma there are three types of translocation involv- 
ing the c-myc gene on the long arm of chromosome 8 (8q24). 
These frequently involve the immunoglobulin heavy (H)-chain 
locus (14q32) and less frequently, in the so-called variant 
Burkitt's lymphoma, involve either the « light (L)-chain locus 
(2p12) or the A L-chain locus (22q] 1)°. Somatic cell genetics’ 
and in situ hybridization studies'® established that in t(8; 14) 
the c-myc gene is carried into the 14q* aberrant chromosome 
where it becomes associated with the H-chain constant (C)- 
region genes in the opposite orientation for transcription? ”"''""’, 
Frequently this translocation to chromosome 14 does not affect 
the three-exon structure of the c-myc gene nor does the break- 
point occur near to the c-myc gene transcriptional promoter”, 
A more dramatic variation in the breakpoint relative to the c-myc 
gene has been reported in the variant BL translocations where 
it occurs downstream (3') of this gene'®'*-'®. In contrast, the 
analogous translocation of the mouse c-myc gene and the Igh 
locus very frequently results in complete or partial loss of the 
c-myc gene exon | (refs 2, 4, 17). 

In view of this variability i in the translocation breakpoint with 
respect to the c-myc gene in Burkitt's lymphoma and mouse 
myelomas, the possibility must be considered that, assuming 
the translocation activates the oncogenic potential of the c-myc 
gene, controlling - elements normally involved in immuno- 
globulin gene transcription take control of the translocated c-myc 
gene. The possibility of higher levels of transcription resulting 
from translocation does not seem to be the whole answer because 
we were unable to demonstrate elevated levels of c-myc 
messenger RNA. (mRNA) transcription in BL cell lines com- 
pared with lymphoblastoid or other tumorigenic cell lines®. 
Furthermore, a clearly demonstrable enhancer element near the 
human C, gene does not remain on the 14q* chromosome in 


many cases of t(8; 14)'® and therefore cannot control this gene _ 
transcription in these cases. As no obvious general effect could 

~ele- - ments with either probe (6.5-kb BglII fragment and 7.7-kb SacI 
fragment) as evidenced by the similarity between all of the DNAs 










be observed on the c-myc gene in Burkitt's lymphom: 
investigated the possibility. that alterations in the exis 
- ments for controlling the c-myc gene are important rathi 


the acquisition o 








ms ~ function, being transcribed but not translated into protein® 
3 although | it has been ‘suggested to have a regulatory role?! 





a td Recently, we described the nucleotide sequence of the translo- 
-cated c-myc gene from Raji cells t(8; 14) and found substantial 
alterations in the sequence (both base changes and deletions) — 


of the first two exons’. The changes observed in Raji exon 2 
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would result in a substantially altered c-myc protein product, 
but no somatic mutations were reported to be Present in another 
translocated c-myc gene sequenced recently’. These data sug- 
gested the possibility that changes in the sequence of exon 1, 
rather than coding-region segments, may be important in the 
activation of the c-myc gene. We now report the sequence of 
the 5' end of a Daudi c-myc cDNA clone® which must derive 
from the translocated c-mye gene as only this allele of c-myc 1s 
active in Burkitt's lymphoma'’”*. This sequence differs from 
the normal exon | by 7% of base substitutions. Furthermore, 
the sequence of the translocated c-myc gene exon | from the 
variant BL cell line LY67 [t(8; 22)] was also found to contain 
base substitutions. In addition, we have observed that the normal 
c-myc gene is expressed in Raji cells (which possess a substan- 
tially altered translocated c-myc gene-coding segment), unlike 
the analogous gene in the majority of BL cell lines. This result 
supports a transcriptional control mechanism using, directly or 
indirectly, the c-myc gene product. 


Variable translocation point 


In the cell lines studied here [Daudi, t(8; 14); JI and LY91, 2.) 
8); MAKU and LY67, t(8; 22)], we were unable to detect 
rearrangements of the c-myc gene using an exon 2 probe 
(M13J11.5Sac)® in Southern filter hybridization with EcoRI or | 
BamHI-digested DNA (data not shown). Several c-myc- 
containing A phage clones (see Fig. 1), were isolated from phage 
libraries prepared from BL DNA and a detailed restriction map 
of the c-myc locus was constructed covering approximately 8 
kilobases (kb) upstream of exon | and 14kb downstream of 
exon 3. Two subclones were prepared (pUCJI5R4 and 


_ pUCJI7BS8) (Fig. 1) and used in filter hybridizations with either 


Bglil-digested genomic DNAs (pUCJIS5R4) or Sacli-digested 
DNAs (pUCHI7BS8). The choice of these two restriction en- 
zymes allows us to overlap the DNA segments detected by the 
exon 2 hybridization probe and therefore assay for possible 
DNA rearrangements which have occurred on the flanking sides 
of the probes. We only detected unrearranged restriction frag- 


compared (Fig. 1). As we know that the translocation point is 
upstream of the c-myc gene in Daudi cells'', these hybridization 
data place the translocation point at least 12kb upstream of _ 
this c-myc gene, in agreement with resu orted by others!!! 
Conversely, as the breakpoint is | of the 
c-myc gene in variant BL cells, the lack ore rea rangement present | 
in Sacl- digested: DNA from JI, LY91, MAKU | and Y 









gene in these cells. Due to the reniatcuble: variabi 
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Fig. 1 Filter hybridization of 
Burkitt’s lymphoma DNA using c- 
myc flanking region probes. The 
restriction map shown for the c-myc 
locus was generated from the A 
phage derived from genomic 
libraries of JI and LY67 DNA 
{cloned in A2001; ref. 34) and Daudi 
DNA (cloned in A 1059; ref. 34). The 
extent of each of these clones is indi- 
cated below the map (AJI? has been 
described previously”). Two sub- 
clones used in this study, cloned in 
the pUC8 vector, were pUCJISR4 
containing a 1.2-kb EcoRI fragment 
from the S’ end of the region and 
pUCJI7B58 containing a 0.8-kb 
BamHIi-Sact fragment. These 
probes were nick-translated and used 
in Southern filter hybridizations” of 
Bgllil-digested DNA (pUCJI5R4, a) 
or SacI-digested DNA (pUCJI7B58, 
b). Hybridization conditions were 
2 x SSC, 10% dextran sulphate, 0.2% 
polyvinylpyrrolidone (PVP), bovine 
serum albumin (BSA) and Ficoll*®, 
0.1% SDS, 50yg¢ml7' fragmented 
salmon DNA containing 10° c. p.m. 
ml~' probe (specific activity 
~10%cp.m.pg™'); after hybridiz- 
ation, filters were washed with 0.1 x 
SSC, 0.1% SDS and autoradio- 
graphed at ~70°C with. prefogged 
film*’. Restriction. fragment sizes 
were determined by comparison with 
A phage DNA cut with HindIII. R, 
EcoRI; H, Hindili; Bg, Bell]: X, 
Xhol; S, Saci; B, BamHI: Bglll 
sites are not complete. 
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CRTCECGCIG ALCOR CAGE CAGCOBTCOG CAALCE TIGL LETATCC at BAACTIIBC! CATABCASLE GERGEEEALT Tincanrann AVTIACASEA CECGARCHAR GACHEGACTE 260 


JOCEGALRLA GARABECTAT FOTCE ATT THAGGACATT toeenatcac IRECABBACT FHCTICRCTS AAAGGOTOTE crt gtasems LE TASACHET BRAPETTYET £GG65 TAGT ESE 485 
and AJII5. Nucleotide sequences are, ais cee : 
obtained from random sonicated 

. fragments subcloned in Mi3mp8s fol- TTTI€TCASA GTAGITATEG FAACTLEGOL TEGSSIGRGG BSTAAICOSS BACIGEATLG GEBTARARTS 
lowed by sequencing by dideoxy TAABACTACE CITTCGAGAT TICTGCETIA THAATATATY 
chain termination methods™. c, 5’ 
end sequences of Daudi cDNA 
clone, pUC cDIA. The sequence 
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variations observed for pUC cDIA” C Daud: CDIA - aberrant c-myc cONA 
are indicated by small arrowheads 
a the 5’ G residues may have been SREEC AGAGUCAGLGADCGR SCBBL CORE TADEaTACANGRGLC S8GE SABC AGAG] ELEC TGCROBEBTCE TEGGAABGOAD I TCCEGAGLE AAC AGGHGOC 
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© BL phage libraries described here could be directly identified 
as being derived from the translocated chromosome. 


Sequence alterations in Daudi c-myc cDNA 

Previously, we described the complete concordance between the 
nucleotide sequence of exons 2 and 3 of c-myc ina cDNA clone 
from Daudi cells and the normal c-myc gene sequence”. The 
observation that the translocated c-myc gene from Raji cells 
contained sequence alterations in the first two exons”? therefore 
suggested that alterations in exon | may be important (rather 
than coding region alterations). As it has been demonstrated 
that only the c-myc allele involved in the translocation is 
expressed'?”*, we can assume that the cDNA clone is derived 
from the translocated allele. We have, therefore, sequenced the 
exon | region of the Daudi cDNA clone and found that it 
contains multiple base differences compared with the sequence 
of exon 1 derived from the normal c-myc gene isolated from a 
phage library of Daudi DNA (included in a Xhol~Sacl frag- 
ment; see Fig. 2a). The latter sequence agrees with the exon | 
sequence of other normal c-myc genes’**-> and those regions 
underlined in Fig. 2b were also sequenced in c-myc clones from 
JI phage clones and found to contain no sequence differences. 
This suggests that we are not merely detecting polymorphism 
of the human c-myc exon | sequence. The distribution of base 
alterations in the Daudi cDNA exon | is indicated in Fig. 2c, 
as well as the pre 














but no obvious significant pattern of these base changes is 
apparent from this sequence. These data argue, however, that 
the differences observed in the Daudi cDNA exon | sequence 
result from mutations introduced into this region during the 
translocation event. o a E 
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Thus, the c-myc mRNA in BL cell 








3¥GGGAGAGTTGCTGTCG? 
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‘presence of a 35-nucleotide duplicated region. 
(starting at residue 92). The overall difference between the cDNA a 
and normalexon I sequences is 7.3% (excluding the duplication) 


Xho! site to the Sacl(c) site (see Fig. 2a) of the ALY2 insert is 






data in Fig. 1, those variant BL cell lines- 
not show obvious c-myc gene rearrange- 
by filter hybridization and therefore did 
hage clones which were obviously derived _ 
nslocat d chromosome. We therefore adopted an | 
irect strategy for the-identification of the translocated c-myc 
“gene which relies on the critical observation that the normal - 
_e-myc allele is transcriptionally silent in Burkitt's lymphoma'*”’. 
T VA in cells should come from the | 
“translocated allele, and it follows that cDNA clones made from _ 


sequence data of the promoter region of the L 
c-myc gene revealed no base substitutions compa 
~ normal sequence (unpublished results). A possible 


“this mRNA will represent the sequence of this translocated feature of these findings is that in three cases of translo 
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Fig.3 cDNA cloning strategies and 
sequences from LY67 and Raji 
clones. A synthetic oligonucleotide 
(sequence shown beneath a diagram- 
matic representation of the c-m 
genomic gene arrangement) was us 
to prepare double-stranded cDNA as 
described previously” from poly(A)- 
selected RNA obtained from post- 
nuclear supernatants. After digestion 
with PstI, fragments were cloned 
into Pstl-digested Mi3mp8 and 
screened” for the presence of c-myc 
exon 2 sequences using a radioac- 
tively labelled SacI fragment isolated 
from the clone M13J171.5Sac’’. Posi- 
tive clones were directly sequenced 
by dideoxy chain termination pro- 
cedures. The c-myc gene diagram 
indicates the position of amino acid 
substitutions found in LY67 and Raji 
genes as well as the PstI sites used 
in the cloning, and representative 
areas of sequence are shown from 
the cDNA clones together with the | 
base changes (indicated by arrows 
present in altered versions. 







c-myc gene. We have, therefore, prepared cDNA clones from 

mRNA of LY67 and Raji cells using the procedure indicated 

at the top of Fig. 3. A 17-residue long oligonucleotide (designated 
common oligonucleotide—see Fig. 5) was used to prime cDNA 

synthesis from a site near the 3’ end of exon 2 in the c-myc gene. 

After making the DNA double-stranded with DNA polymerase, 
it was cleaved with PstI (for which sites occur in exon 2 as 
indicated) and cloned in the vector M13mp8 (ref. 26) for direct 
DNA sequencing. Six independent cDNA clones were made 
from LY67 mRNA and each of these clones showed a T to C 

substitution in the codon for amino acid 62. This substitution 

would yield a proline instead of serine at this position in the 

c-myc protein; Fig. 3 compares the relevant area of the LY67 

cDNA sequence with the normal sequence derived from a cDNA 

clone present in Raji cells (this clone is discussed below). 

The presence of a proline codon substitution in the LY67 
cDNA provides a sequence marker for the translocated c-myc .., 
gene in this cell line. By comparing this sequence with genomi ; 
clones derived from LY67 DNA, we found that the clone ALY 
(see Fig. 1) contained this change and therefore conclude that 
this genomic DNA insert was representative of the c-myc gene 
involved in the translocation in this cell. An indication of poss- 
ible sequence differences at the 5' end of the genomic insert 
within ALY2 was given by two restriction enzyme site poly- 
morphisms found in the intervening sequence between exons l 
and 2. These are the acquisition of a new Xhol site (resulting 


_ from an A >G transition) 49 bases from the ATG codon (shown 
in Fig. 2a and Fig. 4) and the loss of a SacI site shown as 
Sacl(a) in Fig. 2a. 


The strategy for sequencing the relevant regions of ALY2 was 
to subclone the 2-kb Xho] fragment (containing exon 1) in pUC8 
and the 1.5-kb SacI fragment (containing exon 2) into Mi3mp10, 
followed by fragment isolation for generation of randomly over- 


“Clones. A partial sequence of the segment from the 5’ 











shown in Fig. 4. The only nucleotide alteration, compared with 
normal c-myc gene sequences, found in exon 2 is the single base 
change identified in the cDNA clones. Further nucleotide substi- 
tutions begin to appear in the intervening sequencing betwee l 
exons | and 2, and multiple differences exist within exon 1 itself. 4, - 





the 3’ half of exon 1, in marked contrast to t 


of changes found in exon | of Daudi and Raji cell 
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Fig.4 Partial nucleotide sequence of the aberrant c-myc gene derived from ALY2. The nucleotide se 

: ‘2. Sequence data were obtained from random sonicated subclones in M 
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been shown that exon 2 (the first coding exon) contains several 
codon substitutions. Therefore, we have prepared cDNA clones 
from Raji mRNA to investigate the possibility that the normal 
e is active in the presence of an altered gene product. 






evealed that one of these clones derived from the translocated © 
-myc gene, as it contained the characteristic base changes: 


present in this gene, while the other cDNA clone derived from 


the normal allele. Figure 3 includes relevant sequences from 
these clones, showing the regions of interest. The analysis of 


only two cDNA clones from Raji does not allow any real estimate: 


of the relative proportions of transcription (or of translati on} 
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from the respective c- 
estimate the relative | of c-myc g 
cells using oligonucleotides which either detect both.the normal 
and translocated c-myc mRNA (common oligonucleotide) or 
detect only the tran d c-myc mRNA (Raji-specific oligo- 
nucleotide) in North RNA filter hybridizations. Figure 5 
shows the results of this type of experiment; Fig. Sa illustrates 
the 17-long oligonucleotides used and their corresponding loca- 
tions in exon 2-of c-myc. The common oligonucleotide is the 
one used for the cDNA cloning experiment and the Raji-specific 
oligonucleotide spans the. sequence (illustrated in Fig. 
7 codon and the Thr- 
Asn substitution (position 58). (Thus, the Raji-specific a’ 
nucleotide contains 5 out of 17 bases different from 
c-myc sequence, including a 3-base _insertio: 
oligonucleotides as labelled probes for Raji or JI 
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Fig. 5 Northern filter hybridization with c-myc oligonucleotide 
probes. a, Diagram of the location and sequence of the common 
c-myc complementary oligonucleotide (the same as used in Fig. 3) 
and the Raji translocated c-myc specific oligonucleotide. b, 
Autoradiographs of filter hybridizations using the various probes 
indicated. Two aliquots of 50 pg Raji and two of 10 wg JI poly(A)- 
containing RNA were glyoxylated*’ and run in parallel on a 1.4% 
agarose gel, followed by electrophoresis and transfer to cellulose 
nitrate?! to yield two identical filters, each containing Raji and JI 
RNA. The filters were hybridized with *’P-end-labelled oligonu- 
cleotides at 37 °C for 18h in 2 xSSC containing 0.2% PVP, BSA, 
Ficol*®, 0.1% SDS and 50g ml~’ sonicated, denatured salmon 
sperm DNA. After hybridization the filters were washed at 37 °C 
with 2 SSC, 0.1% SDS (six times for 10 min each), followed by 
autoradiography at —70°C with prefogged film’. When the 
autoradiograph had been obtained, both filters were rehybridized 
with a cloned c-myc probe, pUC cDIA!®. The relative quantities 
of RNA in the autoradiographs were assessed by densitometry. c, 
Densitometer tracings from Raji and JI RNA hybridized with the 
two c-myc oligonucleotides. 





densitometry; the densitometer tracings of the oligonucleotide 
hybridizations for JI and Raji mRNA are given in Fig. 5c. Taken 
at face value, the proportion of signal in c-myc mRNA from 
the translocated gene in Raji is about 80%. However, analysis 
of the intensities of the cloned c-myc hybridization suggested 


lower RNA levels in the Raji lane previously probed with specific 


oligonucleotide. Normalizing the data shows ~35% untrans- 
located and 65% translocated c-myc mRNA in Raji cells. There- 
fore, we conclude that both c-myc genes are transcribed in Raji 
cells, unlike other examples of Burkitt's lymphoma, and this 
unusual transcription of the normal allele correlates with the 
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Fig. 6 Diagrammatic scheme of c-myc transcriptional control in 

normal cells (a) and Burkitt’s lymphoma cell lines (b, LY67, Daudi; 

c, Raji). Note that the feedback repressor loop need not necessarily 

be via the c-myc protein itself but could occur via a gene activated 
by the c-myc protein. 


presence of the codon replacements (that is, with protein alter- .. 
ations) in the translocated gene. : 





Immunological implications 


In view of the data presented here, it now seems that the 
translocated c-mye very frequently suffers damage as a result 
of the chromosomal breakage. This is most dramatically demon- 
strated by studies of the gene in mouse myelomas where there 
is generally truncation of exon 1'~; in Burkitt's lymphoma, 
where there is rarely loss of exon 1, there seems to be mutational 
damage. The difference between mouse and man in this respect 
is intriguing and may reflect the different rates of somatic muta- 
tion, which normally operate on the immunoglobulin variable- 
region genes, in these two organisms. Comparative hybridization 
studies of the immunoglobulin genes of mouse and man suggest 
that there may be as many as 10-fold more V genes in the 


former’’”*; it was deduced from this that the comparable V 


gene variability was created by an additional mutational load 
imposed on the V genes which rearrange to give active genes 
in man?’”. The results concerning the translocation of c-myc 
support this notion and may explain why the loss of exon Í is. 
the more common activating event in mouse translocation 
Conversely, in man mutational damage within the c-myc gene 1s 
the most common result, possibly because of the relatively high | 
mutation rate in the B-cell population: 

The results on the distribution of mutations and location of 
the BL translocated c-myc gene also have some implications for 
the mechanism of somatic mutation. Many of the translocations 
in man involve immunoglobulin Ch genes’! and the breakage 















occurs upstream of the c-myc gene (ref. 12 and see Fig. I). 

Interestingly, the variant Burkitt's lymphomas break down- 

stream of the c-myc gene and involve the proximity of the Cy 

gene in t(8; 22)'2'>!® or apparently the C, gene in (2; 8), 
\galthough the break. has. been reported to be near a Vu gene in 
me case'*, These results suggest that the common requirement 
for somatic mutation may be the constant-region gene, either 
by enzymatic recognition of this sequence as suggested pre- 
viously” or perhaps by the particular chromatin configuration 
associated with the constant-region gene in these cells. In addi- 
tion, it seems that the presence of an immunoglobulin constant- 
region gene near the translocation point. is needed for the effect 
of the translocation to be exerted in the c-myc gene. 






Model of c-myc gene activation 


The data presented here show that there are substantial differen- 
ces between translocated c-myc genes in Burkitt's lymphoma 
compared with normal sequences. These differences presumably 
arise from somatically introduced mutations associated with the 
DNA joining during chromosomal translocation and we would 
argue that the relatively restricted distribution ofchanges exists 
because such mutations provide a selective advantage (that i is, 
growth advantage) on the affected cell. Although coding region 
changes do occur in Raji and LY67 (both within exon 2), as a 
general rule these are probably not important for oncogenesis 
(although they may have been in the case of Raji). More sig- 
nificant may be the fact that in the case of Raji, LY67 and Jl, 
the sequence of exon | differs from the normal exon | sequence. 
As no coding function can be assigned to exon | of c-myc, it ts 
possible that this segment, which is well conserved between 
mice and man’'’, has.a role in the control of transcription of 
c-myc’, Our data. on the alteration of the sequence of exon | 
support this idea by. providing one explanation for the activation 
of the c-myc gene in at least some Burkitt's lymphoma lines 
even when the chromosomal breakpoint is at some distance 
from c-myc. Similar results have recently been obtained for other 
-Burkitt's lymphoma translocated c-myc gones and a similar 
“conclusion was reached*'. 

Furthermore, the results support a odeli in which transcrip- 

tion from the c-myc gene can be repressed by the binding of a 
protein to exon | (ref. 21), while explaining the maintenance of 
exon | with the transloc: ed c-myc gene, without the requirement 

| for elevated c-myc m vels. Figure 6 shows this model, 
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which incorporates our data as well as the observation that the l 
normal c-myc allele is usually inactive in cells carrying transl 
tions'??°. Figure 6a illustrates the normal transcriptional a 
of the c-myc gene. In the resting cell, c-myc gene transcription > 
is minimal but in response to stimulation (for example, one 
mitogen’) transcription is initiated from promoter sites 
upstream of exon 1, followed by protein translation starting in 
exon 2. The c-myc protein product is then envisaged to function 

by activating a further set of genes (for example, those involved 

in DNA synthesis) which facilitate cell division. (This transcrip- 
tional role for the c-myc gene product seems a reasonable 
supposition as the protein seems to be related to the adenovirus 
gene ELA?” which itself displays transcriptional control proper- 
ties™.) At the same time, repression of c-myc gene activity begins 
by protein binding (either by direct binding of the c- -myc protein 
itself or by a gene product activated by the c-myc protein) 
eventually resulting in the c-myc gene becoming quiescent again = 
(in a cyclic fashion). In Burkitt's lymphoma (and mouse — - 
myeloma) translocation of the c-myc gene seems to subtly disrupt 
this cyclic transcriptional control. We must also consider the 
possibility that disruption of control of translocated c-myc genes 
occurs via immunoglobulin locus-activating elements which fae 
exert their effects on either exon | or some unknown regions - 
upstream of the c-myc gene. As indicated in Fig. 6b, Burkitt's. 








lymphoma cells (like LY67 and Daudi described here) exhibit 


constitutive | transcription and translation of the translocated = 


c-myc gene while at the same time constitutively repressing the 


normal c-myc allele (which, of course, has a normal repressor 
binding facility). The cell is therefore incapable of returning to 
the quiescent state of c-myc gene activity. The case of the 
Burkitt’s lymphoma cell line Raji is an exception: here the 
normal allele is not repressed, which provides direct support for — 
the theory that the c-myc protein is involved in transcriptional eae 
control as we know that the Raji translocated c-myc gene is. oA 
abnormal”. Therefore, we envisage that these cells express both: 
c-myc alleles (Fig. 6c) because mutations in exon 2 
translocated gene Product inactivate or A E 















akee 3 are amenable to dire 


now being done using DN 
c-myć genes in various types: | 
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: l Observational lower mass limit for 
-black hole formation 
derived from massive X-ray binaries 
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1018WB, Amsterdam, The Netherlands 


per eaae 


The high radial velocity amplitude (235 km s~’) and 1.70-day 
orbital period of the B3V optical counterpart of the X-ray source 
` . LMC X-3 set a lower limit of 6-10 Mo for the mass of the X-ray 
source, strongly suggesting that it is a black hole'?. An observa- 
-. tional upper limit to the mass of this compact star can be derived 
_. which, in combination with considerations about the evolutionary 
history of the system, allows us to derive an upper limit to the 


: (zero age) mass of ‘the progenitor of the compact star in this 
<>. system: < 8010 Mo. From the orbital parameters of pulsating 
> massive X-ray binaries we find that stars with masses up to 240 


a (+5) Mo (and, if supernova (SN) mass ejection is symmetric, up 


pee to 60 (£7) Mo) terminate life as neutron stars. Thus, if LMC X-3 
is a black hole, the lower mass limit for terminating life as a black 


_ hole is in the range between 40 (60 Mz) and 80 Mo. Together 
` with the initial mass function of massive stars this yields a black 
hole formation rate in the galaxy about two orders of magnitude 
smaller than the neutron-star formation rate. The direct pro- 
genitors of the black holes (just before the supernova) were massive 
Wolf—Rayet (WR) stars. 

From the optical mass function of LMC X-3 (2.3 Ma), the 
absence of X-ray eclipses, in combination with the observed 
spectral type and absolute visual magnitude of the B-type com- 
panion, Paczynski” derived a lower limit to the mass of the 
B-star of 9.0 (+6.0 Mo), that is =3.0 Mo. By comparing the 
observed absolute magnitude of this star with theoretical 
evolutionary tracks, he obtained an upper mass limit of 6.6 
(+2.0) Mo, that is <8.6 Mo. Thus, the allowed mass-range for 
the Bestar is 3.0-8.6 Mo. A lower limit to the mass My of the 
compact star is set by the absence of X-ray eclipses’ which 
yields My, 26.1 and 10.0 Mo, for Mg= 3.0 Mo and 8.6 Mo, 
respectively. Upper limits to My are set by the lower limit to 
the orbital inclination (i) derived from: (1) the observed rota- 
tional broadening of the spectral lines of the B-star, which yields 
i = 50° (ref. 1), and (2) the amplitude of the photometric variabil- 
ity of this star which, yields i> 55° (ref. 3). Adopting i= 50° as 
a safe lower limit we obtain My <9.0 Mo for Ma =3.0 Mo and 
Mu = 13.6 Mo for My =8.6 Mo. (For the shape of the allowed 
domain of Mg, Mu 





. My: see ref. 1.) The above derived largest and 
smallest My, My, combinations are listed in the first two columns 
of Table 1. For a certain (My, Mu) combination one can derive 


an upper limit for the mass of the progenitor of the black hole 


just before its core collapse, as follows. Denoting the mass of 
the collapsed star before the SN as M, and assuming an initially 
circular orbit and instantaneous spherically symmetric ejection 
(that is, in a time interval shorter than the orbital peri 


SN shell (of mass AM = M,— Mn) the post-SN orbital peri 
semi-major axis and orbital eccentricity are given by* A 








as (i ‘ u) Hs g me f ` a) 


a -where subscripts zero and f denote the situation just before and 
-after the SN, respectively, and y = (My + Ma)/ (M; + Mn) (we 
neglect the effects of the impact of a small fraction of the. SN. 


shell onto the B-star, as these as well as those of asymmetries 
< are expected to be small”. oe ~~ 4 

=- As the present orbital period is only 1.70 days, tidal forces 
in the system are strong, and are expected to have rapidly 
ircularized the orbit after the SN’. After tidal circularization 


od) ofthe 
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the semi-major axis has decreased by a factor (1 — e;) (we neglect 
the spin angular momentum of the B-star which is several orders 
of magnitude smaller than the orbital angular momentum). 
Using this, and applying Kepler’s third law one finds that they” 
orbital period P’ and separation a’ after tidal circularization 
are related to the pre-SN values by 


P' = Po/ p}, a' = Ao/ he (2) 


Because P’=1.70 days, one thus can calculate Po for any 
assumed combination of Mp, M, and My. A strong constraint 
to the pre-SN mass M, of the compact star is set by the fact 
that, before the SN, the radius of the B-type star cannot have 
exceeded that of its Roche lobe, Rp, though must, on the other 
hand, at least have been as large as its zero age main sequence 
(ZAMS) value Ro. | | 

Using the expression for the Roche lobe given by Eggleton’, 
the condition that before the explosion Ry was = Ra, in combina- 
tion with the above equations yields the following condition 
for Her 





uf? 0.6 +1n (1+ PPR 


sof es] 
Ra |0.6q7? +1n (0 +9'”’) 

where f= p,/(1/q~-uy +1), @= M,/ My is the present mass 
ratio of the system, and Rg is the present radius of the. B-star. 
R, can be simply calculated, for the given Mpg, Mg combination, 
from the fact that the B-star fills its Roche lobe in the present 
orbit. 

For a given (Mg, My) combination, q and all quantities on 
the right-hand side are known, such that the lower limit on je; 
can be solved. The resulting limiting values of ur, M,, e and Po 
for the lower and upper limits of the range in (Ms, My) values 
are given in Table 1. For Rọ we used the values at an age of 
3x10°yr—the approximate age at which the companion 
exploded—calculated by Van der Linden’® for X =0.70, Z = 
0.01 (the approximate metal abundance of the LMC). These are 


87 Mo 


ts P? day 
Q ee 
Mano =O Me yr” 


8.6 Mo 


(2) 1; 25<10yr, P230days 
ONSET OF MASS 
TRANSFER. COMMON - 
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23.6 ‘MO 8.6 = 


SUPERNOVA EXPLOSION 
OF WR-STAR, LEAVING A 
ECCENTRIC ORBIT (P=2.4. days ¢=0.45 ) 13.8 Mg BLACK HOLE 
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Fig. 1 Maximum-progenitor-mass _evolutionary model for the 
origin of the LMC X-3 system, ‘corresponding to the maximum 
possible masses of the compact star and its companion as allowed 
by the observations. Between stages (1) and (2) an between (3) 


and (4) the massive star undergoes stellar wind mass loss. Scale 





` of (3), (4) and (5) is twice that of (1) and (2). — 























‘Table Upper limits to the immediate pre-supernova mass M, of LMC X-3, and corresponding limits on Hy Po, a, €, R, derived for the minimum ~ 
and maximum possible values of the component masses Mp and My; also shown are the range of helium-core masses and initial (zero-age) primary >` 
masses M; corresponding to the M, values - i 





Po dy R, Mue M; = 
(day) (Re) € (Reo) (Me) (Moho 

= = so < E SAR 2 
Minimum 3.0 6.1 1.7 4.02 0.53 14.3 0.47 6.6 0.9 a 3.4-5.5 14,319.90 i 44.00-58.77 ~ 
Maximum 8.6 13.6 3.47 5.75 0.69 23.6 0.81 V4.7 046 §.5-7.2 23.6-31,5 E 694-869 ; 


M, M R R M 
(Mo) 


R Yay 
(Mo) (Ro) (Ro) My (Ma) 
S 












Table 2 Lowest-progenitor mass evolutionary history for the 4U1 223-62 system, taking minimum rates of mass loss by stellar wind and during- i 
the exchange stage into account, together with the evolutionary model for the 4U1223 —62 system if the supernova mass ejection was spherically 
l a symmetric (to produce e =0.47) 2. N 





Lowest-progenitor mass evolutionary model for 
4U1223 —62 (asymmetric supernova)" 

Approximate 

age (10° yr) M\(Mo) MMe) 


t=0 42 38 
3.9 34 31.2 
3.9 + 10* yr 15 44 
4.35 10 OB 
4.35 1.4 43 
5.2 1.4 40 


Evolutionary stage 


MM) MáM 


(1) Zero age : EE i) 66 34 
(2) Onset of mass transfer 3.30 49 o3] 
(3) End of mass transfer 3.3 + 10% yr 28.5 45 00 
(4) Supernova E ‘359. | 227 ce eee, 
(5) Post-supernova 3.59 ee) eee 
(6) Present (X-ray phase) so o l4 AG 





_ * At the onset of the (case B) mass transfer the component masses have decreased to 34 Mo +31.2 Ms due to stellar wind mass loss. Some 6 Ma 
is assumed to be lost during the exchange. During the ~4.5 x 10° yr of helium burning and subsequent stages (between stages 3 and 4) the 15 Me 
WR star is assumed to lose 5 Mo, reducing its mass to 10 Mo at the time of the supernova. The 44 Mo companion needs about 1.3.x 10° yr after 
the mass exchange to terminate its hydrogen burning during which it loses ~4Ma by wind. This leads to the present system, consisting of a~ L4 Me 


neutron star and a 40 Mo blue supergiant. In order to explain the observed orbital eccentricity (e = 0.47) the supernova mass ejection must have — 


_ been very asymmetric. 







loss occurs during the exch 


listed in the third column. For any other (My, My) combination 
- in the allowed range, the M, values are between those listed in 
Table 1. Notice from Table | that the lowest allowed value for 
u is 0.53, which is consistent with the fact that disruption can 
have occurred only if 4, <0.50 (ref. 9). The M, values in Table 
imits as. ted the effects of impact, which 
ed e and P; and thus would 
| M, values’. | 
ese M, values just before the 
of the progenitor. The very 
s of the pre-SN star indicate 
ave been compact (see the 
progenitor of the compact 
of ~20Mo with a radius of 
+ hydrogen envelope left, 
nd a heavy-element core immedi- 
ius. Hence, the pre-SN star must 
heavier elements, A helium core 
tial stellar mass of at least about 
50 Mo. Hence, th s ratio of the initial zero age system was 
of the order of 0.1. In systems with initial mass ratios <0.3-0.4 
the onset of mass transfer from the more massive (and thus 





















short orbital period and 
that the pre-SN star m 
pre-SN Roche-lobe rat 
star in Table 1): a very 
only ~5 Ro cannot 
because such an en 
ately expands t 
have consisted of 
of about 20 M, req 








more evolved) component to the less massive one leads to the 
hich the core of the 








formation of a common envelope in whic 
massive star and the companion spiral in towards each other 
Figure 1 (1)}+(3) depicts this type of evolution schematically. The 
common envelope is lost on a short time scale (<10*-10° yr) as 
a consequence of large frictional heating'*'*. The very short 
resent orbital period of LMC X-3 (and the even shorter pre-SN 
rbital period) clearly indicate that such spiral-in must have 
aken place here’. (This evolution is the high-mass analogue of 
the formation mechanism of cataclysmic-variable binaries, see 
refs 12, 13.) After the spiral-in only the compact core of the 
massive star consisting of helium and possibly heavier elements, 
remained, with an orbital period of the order of a day-or less. 
Stripped evolved cores of 


}1~13-. 


















‘and mass loss during the exchange was taken into account in the same way as in the other model (see text). If ne “mass 
ange, the zero age masses of the progenitor and its companion become 56 Mz and 33 Mo, respectively. ~ 


` reproduce the observational ¢ 
‘lost by massive stars during th 


massive stars are thought to be iden- 



















tified with WR stars'*!®, Such stars have strong ste 
with mass loss rates M~(1-5)x10° Mayr” 

During its lifetime of ~3 x A 
may lose some 6 Mo, sotha 
may become exposed: at th 
so-called WC star'?*°. The 
X-3 just before the $] 
presence of helium in the 
the end of their nuclear evolut 
cores occupy 75% of their initial: mass’, | 
yet been stripped entirely of their helium-rich on 
Hence, their mass at the time of the SN is =0.75 tim 


































1; the lower limits to M 


He: 
In turn, these Mge value 


s can be converted into 





to account. The calculations. 
ameter a = 0.83, closely — 
s*° of the amount of mass 
-hydrogen burning phase, — 


core-hydrogen burning are taken i 
by Chiosi et al”? with mass: 







and yield the relation a ai 
l Mie = 0.1015 (M) 
(for X = 0.70; for lower X values, Mpe increases”). 
This yields the maximum values for the initial mass M; given 
in Table 1, in the range 69.4-86.9 Mo. Effects of convective | 
overshooting, a smaller initial hydrogen abundance, and so 
on!?70.25.26 aj} result in increasing the fractional mass of the — 
helium core over that given by equation (4), and result in lower 
initial mass values for the progenitor of LMC X-3. We thus 
conclude that the upper limit to the mass of this progenitor is 





















evolutionary history of the LMC X-3 system for the maximum 
possible progenitor mass of ~87 Mo. 

An estimate of the upper mass limit for stars that terminate 
their evolution as neutron stars can be derived from the presence 
of an X-ray pulsar in the most massive known X-ray binary 
system 4U1223 —62. The X-ray mass function of this 41.4- day 
orbital period system is 31 Mo (refs 27-29). Together with the 
absence of X-ray eclipses—which sets an upper limit to the 
orbital inclination—this leads to a mass = 40 Mo for the B1.5 la 
supergiant companion’’”®. To derive a lower limit for the mass 
of the progenitor of the neutron star in this system we have to 
consider evolution with mass exchange. To include the effects 
of stellar wind mass loss, we have again adopted the wind mass 
loss rates for hydrogen-burning O and B stars from ref. 22, as 
fitted by the parameter a = 0.83. These rates are lower than given 
by most authors'?° and are therefore suitable for deriving a 
lower mass limit for the progenitor. As to the mass loss from 
the system during the exchange: a comparison between the 
distributions of the mass ratios of the WR-binaries and their 
progenitors, the O-type spectroscopic binaries, shows that at 
least 30% of the envelope of the primary star is lost during the 
exchange****, Using the condition that we wish to avoid, tandem 
evolution (see ref. 37), we find that the lowest-mass realistic 
progenitor system of 4U1223--62 has components of 42 Mo 
and 38 Mo. Table 2 lists the component masses at various 


T evolutionary stages. As we have adopted the lowest possible 


mass loss rates compatible with the observations (both by wind 
and during the exchange) it seems that 42 Mo is about the lowest 
possible progenitor mass for the neutron star. If no mass loss 
during the exchange were adopted (but wind mass loss still is 
included) the smallest-mass progenitor system would be 37+ 
33 Mo. Taking uncertainties in, for example, wind mass loss 
rates and overshooting, into account—the resulting lower limit 
to the mass of the progenitor of the pulsar 4U1223—62 is 
40+5 Mo. 

With the progenitor system of Table 2 it is impossible to 
explain the observed orbital eccentricity e = 0.47 of the 4U1223 — 
62 system unless the supernova mass ejection was highly asym- 
metric. For spherically symmetric ejection the eccentricity expec- 
ted from equation (1) is only 0.19. (Due to the extensive mass 
exchange the pre-SN orbit is expected to have been circular.) 
If the SN mass ejection is assumed to have been spherically 
symmetric, the observed eccentricity e=0.47 together with 
equation (1) yields a mass of 22.7 Mo for the progenitor of the 
neutron star at the time of the explosion. The evolutionary 
history of the system for this case is listed in Table 2 and the 
corresponding zero: age! mass of the progenitor seems to be about 
60 (+7) Mo. 

Combining the aie of f Tables | and 2 we conclude that the 
lower (zero age) mass limit for stars which terminate their 
evolution as a black hole is in the range between 40(+5) Mo 
and 80 (+10) Mz. If SN mass ejection is spherically symmetric 
this limit is between 60 (+7) and 80 (+10) Mo. We expect these 
limits also to be good approximations for single stars, as single 
stars with masses =40 Mo have very large rates of wind mass 
loss and are expected to turn into WR stars and evolve in a way 
‘similar to that of binary components'*'**, Knowledge of this 
limit is of great importance for estimating the bulk yield of 

nucleosynthesis by massive stars”! : 

According to Garmany et al. the number of O and WR $ 
originating from stars more massive than 40 Mo, 60 Me 
80 Me within 2.5kpe from the Sun is between 100 and 132, 





ae between 25 and 55, and between 8 and 10, respectively. 


-Assuming mean lifetimes of 2.5 x 10° yr, 3x 10° yr and 3.5 x 


40° yr for stars more massive than 80 Mo, 60 Mo, and 40 M. 


respectively, this yields a black hole formation rate in the solar 
neighbourhood in the galactic plane of (0.2, 0.9 and 2. 0) x 
10°° kpe~? yr~', respectively. This is about two orders of magni- 
tude | smaller than the galactic SN rate” and the e pulser birth 
rate” 
Finally, because about half of all black holes 4 are expected to 
be formed in binaries, a better knowledge of the number of 





TONAT 







and a 
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black hole X-ray binaries in the galaxy, in combination with 
the initial mass function, will allow an independent estimate of 
the lower mass limit for black hole formation. 
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Discovery of M87-like ejection in F-71 


K. J. Fricke, W. Kollatschny & H.-H. Loose 
Universitatssternwarte, D-3400 Gottingen, Geismarlandstrasse 11, FRG 


The M87 jet'? is one of the most obvious manifestations of violent 
activity inside the compact nuclei of galaxies whilst also being one 
of the most spectacular phenomena of extragalactic astronomy. 
Although many radio jets are known, very few optical jets have 
been detected and virtually none is comparable to the prototype 
jet in M87. Recent charge-coupled device (CCD) images of the 
southern object F-71 show that this elliptical galaxy (z = 0.057) 





_exhibits a brilliant knot ~14 arcs away from the nucleus and is 
physically connected to it. Optically, this knot resembles in many 
respects the bright knots A and B in the M87 jet: its spectrum is 
featureless and very blue wit 
of the M87 knots. Its relative luminosity with respect to, and its 


a slope (a = 1.7£0.1) equal to that 





separation from, the nucleus are both greater than in the M87 
galaxy—jet system. We suggest here that the most likely interpreta 
tion of the F-71 knot is that it is. ejected from the parent galax 
in the same way as the knots in the M87 jet. We propose that 
further observations of the F-71 system might provide important 
clues to our understanding of the ejection activity from the nuclei 
of galaxies. 

The object F-71 (@y959 = 20 h 14. 8 min, iss = 57° 43’) from 
Fairall’s list? of compact galaxies appears as an almost circular 
galaxy of approximate magnitude 16 mag on the European 
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the r-band of F-71 showing the connection 
pelea of the elliptical galaxy and its nonthermal 


Southern Observatory (ESO) Quick Blue Survey plate. Towards 
the north-east of the object a starlike companion is visible 
approximately 10 ares iy which has not been described 

. l- have been obtained on 7 and 8 
anish telescope at La Silla (exposure 
ob pixel s = 0.471 arcs) through 
se images reveal a physical 
t knot and the parent galaxy. 
observational results for the 
ig. la) shows the connection 
is. The isophote representation 
icing through the nucleus and the 
ht distribution in more detail. The 
e parent galaxy closely follows a de 
lassified as an elliptical galaxy of type 
s points in the direction of the optical 
north-east knot, which is located 13.75"+0.3" away from the 
galaxy centre in position angle (PA) 49.5°+ 0.5°. A possible weak 
‘sounter-jet’ 























brightness. dis 
Vaucouleurs lay 






ticularly well in the red bands n 
appears. slightly extended on the far side compared with stellar 
images on the same CCD-frames. On the near side, the optical 
isophotes in all filter bands show a backward extension of the 
` compact north-east knot nearly symmetrically with respect to 
“~the line joining the nucleus and the knot (see Fig. 1 for the 
--band). This feature is reminiscent of the “waste energy bas- 
~ kets” described by Longair et al* in connection with the radio 
hotspots of extended peo galeas, i in n partioplar of f Cyg A. The 
detection of this ure in a 
physical connectic : 
opposed to the q 


and z. The north-east knot 











sef of a chance papo of F-7 i 


LETTERS TONATURE ——— 


is indicated in the direction 221.5°+0.5° and . 
12.65" + 0.3" away from the galaxy centre, and shows up par- 


75kms™! 


_ that the spikes in the short wave 





Llo 





20 





10 ve 


r{arc s) 


Fig. 2 Tracing through the nucleus of F-71 and the north-east 
knot in the r-band, 
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the knot with respect to the 
bands, increasing towards the bl 
and 0.53. f 
Optical spectra of both the kaia eT tknotof 
F-71 were obtained on 2 September 1983 at the ESO bm ne 
telescope equipped with the Boller and Chivens ‘spectrograph 
and the IDS (entrance aperture 4" x4", dispersion 171A mm"! 
wavelength range 4, 19 )0-7,300 Å, exposure time 20 min ee 
The galaxy spectru 3a) shows absorption lines typical 
of elliptical galaxies Fairall suspected, on the basis of his 
low-dispersion slitless spectrum of F-71, the presence of Balmer 





# 











- emission features. From our spectrum - we cannot confirm this 
conjecture. Ha is coincident with the atmosph: 





ic B-band. There 
is marginal evidence for the presence of we 


emission. From the absorption lines we derived ar 
0.0573 which puts F-71 at a distance 229 Mp 
Mpc™'). The visual apparent and absolute magnitu 
derived from the flux at 5,500 Å are my = 16.8 mag, and My = 
-20.0 mag. With a scale 1.1 kpc arcs™ the north-east knot is ato 
a projected distance 15.3 kpc from the galaxy centre. oe 
The optical spectrum of the knot. appears to be featureless E 
and flat (see Fig. 3b) but does not entirely rule out the EA ae 
















A4,216A and A 4, 453 A are real and are | {o n]: a 3 






CaK A 3,934 of sc. object : at z= 0. 13. ‘However; in view 

of the morpliol gical evidence described above and shown in 
Figs. 1 and 2, this interpretation does not seem to be tenable. 
e mean spectral index of the optical continuum of the knot 
is a = 1.70.1 (F< v~“): The tracings through the nucleus and 
= the knot of F-71 show that in all the colour bands the relative 
ai brightness and concentration of light between the jet and nucleus 
< is very similar to those in M87 and its jet’. This may be taken 
„~ as further evidence that both phenomena have the same physical 

origin. 

F-71 and its P knot resemble in | many respects the 
situation of the giant elliptical galaxy M87 with its spectacular 
nonthermal jet. Like M87, F-71 is an elliptical galaxy of the 
type E0-E1. In M87 the one-sided jet is made up of several 

= nonthermal knots, while in F-71 a single strong knot is visible 
to one side and a weak feature to the opposite side. The flat 
and apparently lineless spectrum of the north-east knot corres- 
_ ponds to the nonthermal spectrum of the knots A and B of M87 
: displayed by Sulentic et al’. Intriguingly, the spectral slope 
oo @ = 1740.1 of the F-71 knot continuum matches exactly that 
of the knots A and B in the M87 jet, a=1.7+0.2 (ref. 5). 
ntrinsically, the scale of the F-71 phenomenon is an order of 
| magnitude larger than in the M87 prototype. In F-71 the north- 
east knot is much more clearly separated from the main body 
of the galaxy than the jet in M87, and its luminosity, relative 
o the galaxy, is much stronger. 
> The: optic al. data on F-71 described here characterize this 
ea source as a galaxy with similar ejection activity as M87, thus 
=o warranting further extensive studies, in particular in the radio 
region. 

We thank M. P. Véron-Cetty and P. Véron for looking at the 

- spectrum of F-71 and its knot. This work was supported in part 
by the Deutsche Forschungsgemeinschaft under grant 
Fr 325/21-1. 
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=: Consideration of the pointing direction and rotation period of the 
spin of Uranus suggests that a novel kind of day-to-night ionos- 
- pheric flow system may exist there. For equatorial distances rer 
(= 2.74r,), the conjugate ionospheric flow from the dayside hemi- 
sphere to the nightside hemisphere could become ‘Supersonic as it 
crosses the — and : a shock forms a term nation point; 

on : 
















aie ing results: concerning the ionosphere of 


probes to Venus have found that it has a dyi 


izeable nightside ionosphere™”. Its maintena 










j ‘ ction of oe tam into the upper AEE E 
H Jranus, ‘which ipa to be explored by the Voyager 2 spacecealt, in. i 


$ Asa result of the slow rotation of. Venus, its nightside itrio f ae 
re is not subjected to a photoionization effect; however, i 







i a00 eV-1 keV) accelerated i in the at aT eee 


port of ionospheric plasma from the daysi 
The ionospheric transport process of Venus, ‘driven by solar 
heating and solar wind interaction directly with the dayside 
atmosphere, is unique among the planetary ionospheres. Note 
that a similar day-to-night ionospheric flow pattern could alsë 
occur at Uranus because although Uranus hag: a rapid spin 
period (16.31+0.27 h; see ref. 6) its rotational axi pointing 
towards the Sun. This means that while one. misphere is 
illuminated constantly by sunlight the other is always in dark- 
ness. Therefore, only the dayside atmosphere is- affected by 
photoionization—just as for Venus. One major difference 
between Venus and Uranus, however, is that while Venus has 
little or no intrinsic magnetic field, Uranus should possess an 
intrinsic magnetic field of significant strength as recently indi- 











- cated by the UV observations of enhanced H Lya emissions at 


Uranus’. In fact, Hill et al.'° have postulated that the equatorial 
surface dipole field should be ~4 G. 

The expected hemispherical flows in the closed field-line 
region are shown in Fig. 1. In the simplest situation, the photo- 
electron—-H* flux streaming out of the dayside hemisphere along 
a flux tube will cross the equator and then be absorbed at the 
conjugate point. 

Rösler’! has discussed the presence of such conjugate-point . 
ionospheric flows at the terrestrial ionosphere during solstices — 
at high altitudes. The occurrence of this type of inter-hemispheric 
flow should be much more widespread at Uranus as a result of 
the peculiar orientation of its rotational axis at present. Follow- 
ing the standard treatment in solar wind theory, the hydrody- 
namic equations describing the at ae flows (assumed to 
be isothermal) can be combined into’? 

$ ~ bo 


l M°- Md- ( 2) in(< A). 
2 Mo Moa Ap co 


where M = u/c is the ratio of the flow speed to the sound speed 
given as c’? = 2kT/m (kT is the plasma temperature, and m the 
proton mass), and A is the cross-sectional area of the flux tube. 
Also we have 


=O (1) 
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Fig. 1 The conjugate HORE pnene flow pattern at Uranus. Such 








Seca originates from the equatorial: region as a rest of energetic 
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Fig.2 Examples of isothermal con- ya 
~o jagate ionospheric flows at Uranus Source Source L- Sin 
`- with the plasma temperature set at j | , A) 7 

T= 1,000 K. Four cases are con- E Aea i A; ar a 

sidered: a, non-rotating case -60° ~30° o 30 60° -60° -30° 0° 30° 60 

(angular frequency (1.)=0) and the | 

field-aligned flow crosses the equator C | d | | : 

at a radial distance of 2. Or, (L=2.0); Q= 1.07 x 1074 rad s™?, L=2, p= 1, Ty = 10? K Q=1.07 x 10-* rad s7}, L=4, y=1, Ty =103 K 


b, Q= 0 and L=40; ¢« Q= f 

»,1.07 x 1074 rad s™' (rotation period = | 

< 16.31 h) and L=2.0; d Q= FSM 5M 
1.071074 rad s~! and L= 4.0. {o i 









Source: 
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he subscript (0) denotes values simplest possible situation; fet us consider first the moti 
e ro and latitude 6, (r = r, cos? @ one single charge particle. In a cold plasma approxim 
at the equator). neglecting the magnetic moment, the balance!?:!4 betwee 
ng planet, several solutions to tational and centrifugal accelerations at the equator wi 
se include: (1) transition from a radial distance (in the case of a perfect dipole fiel 
flow before reaching the equator ; 


everse transition at the correspond- PY, D= ps sec “a 
si 








aching the sonic point at the equator 30° 
nic flow speed all the way to the other 


subsonic speed at all positions. such that the charged particles with 2 zero magnetic moment will 
ould be generated by adopting different be kept to the equator when r>r, but will be pulled to. the 


meters (such as initial flow speed and topside atmosphere when r<r.,. Because r, (@= 0) = 
or the hydrodynamic none A more com- 6.96 x 10" km, have 0,= 53°. 


plete description l em will be presented. spher ic flow, a similar limit could appl 
depicted only a subset in Fig. 2 to st. ne ples ofthe e modification ; 
-conjugate ionospheric flow as well a j es 
of the ast deed rotation in mod; yi 


oo All of thes 
EE sets of pertis 


































> plasma flows should be subsonic as they teach’ 

isphere (see Fig. 2c, d). Note that the. general nat 

pe flow in a non-rotating planet remains unchanj 

al motion of the Planet i is introduced. In ac 
i iatio the le 















ipply of ionization in this way, and a nightside ionosphere 

may be maintained accordingly. 

In the case of Saturn, it has been postulated that the ionos- 

pheric region with magnetic field lines touching the rings should 

also approach the condition of free streaming—as a result of 

the absorption effect of the rings'*. Because of the narrowness 

of the rings of Uranus, they would be less efficient in depleting 
the ambient plasma density in the vicinity of the ring system. 
The s ring with a width of 50-100 km, however, should be able 
nes to intercept the ionospheric plasma and convert the hydrogen 
_ jons to neutralized H atoms. The e ring should also act as an 
absorbing barrier in keeping the magnetospheric energetic 
-~ charged particles from diffusing inward further than 2.4r, 
_ (uranian radius). Cheng and Lanzerotti'® have suggested that 
energetic particle sputtering of the rings could be an important 
-Cause of the thermal plasma in the magnetosphere. The associ- 
ated production of the sputtered neutrals will generate a thin 
neutral cloud, reflecting the composition of the ring particles. 
The subsequent ionization of these heavy neutrals (that is, CH4, 
H,O and their fragments) will form a plasma disk at the equator. 
Force balance relation as considered in previous studies'*’’ 
indicates that the thermal plasma disk (if it exists) could be 
essentially limited to radial distances outside r.. In other words, 
as shown in Fig. 1, a ‘siphon’ plasma flow from the equatorial 
region to the upper atmosphere should be expected in addition 
to the conjugate ionospheric flow. The dynamic transport of 
ionization from one hemisphere to another and the simultaneous 
loading of the atmosphere with hydrocarbons from the rings 
could have rather interesting effects on the ionospheric system 
of Uranus. 
Finally, questions may be raised about how the presence of 
a plasma torus might affect the conjugate flow pattern. The most 
obvious effect is that the angular velocity of the magnetospheric 
plasma may be reduced to a value smaller than what is expected 
of rigid co-rotation, and the corresponding centrifugal force 
may be less important. In addition, the magnetic field configur- 
ation might be significantly changed from that of a dipole field. 
Two mechanisms could be relevant here. First, as discussed 
previously’? for the case of a rapidly-rotating magnetos- 
phere'®!*, if the plasma density is large enough such that at a 
certain point the kinetic energy of the co-rotation motion exceeds 
that of the (dipolar) magnetic field energy, namely pV 2/22 
B?/87, no rigid rotation will be enforced; instead a radial 
outflow of the magnetospheric plasma stretching the magnetic 
field outward is expected to occur beyond this critical point. 
For Uranus, to reach this condition at L ~ 4 requires the plasma 
number density (assumed to be O* ions) to exceed n, = 10’ cm i 
if the equatorial surface field Bo =4 G, and n,.~4x 10° cm™° at 
2: (the critical values of n, are a factor ‘of 100 smaller if 
By =~ 0.4 G). But as shown by the Voyager plasma experiments” 
‘and theoretically demonstrated by Hill’, in the jovian magneto- 
sphere, non-rigid co-rotation could take place even with much 
Jess magnetospheric plasma—simply as a result of angular 
momentum transfer from the planetary ionosphere to the Io 
~ torus plasma. However, a large degree of non-rigid co- rotation 
Ho (A0/0. ~ 50%) only takes place : tances from the 
_ source region of the thermal plas 
_— - Tegion, it is the mecha of pick : q 
_.- immediate effect on the rotational rate of the local ® 


















































and s, = 0, 2 S, we. ve have AG/O =6% which is in approximate- 


ilibrium, and that the nightside atmosphere will receive a - 
agreement with observations’**°, By comparison, for Uranus 


| will be aed byt the acceleration ofthe new ions of satel ite 
_or ting origin by a pick-up curre t system. If the total production i 


ae orn the i ions is M, ther radial apinension:e of the source re BRON g 
R Ep part ka the results of electrostatic p po 


with M assumed to be = 10° kgs”, L=4, AR ~= Ra (525x 
10’m) and £,=0.01 S we have AQ/Q<1%. Therefore, we 
expect the plasma disk of Uranus within L~5 to be rigidi 
co-rotating and the magnetic field topology to be hardly affect 
by the mass loading effect of the pick up ions (if M <= 10’ kgs’). 
For larger values of L (210), it is more difficult to assess the 
situation as there are many uncertainties. In any case, one crucial 
parameter in this problem is the integrated ionospheric Pedersen 
conductivity £, which is directly related to the whole process 
of transport of ionization from the dayside ionosphere to the 
nightside hemisphere. 
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Although the layer charge in 2:1. phyllositicate minerals is known 
to result from the replacement of tetrahedral Si or octahedral Al, 
if jower charge, there is only limited information 
of layer charge from X-ray crystallo- 
agi and 77 Al ee angle spinning 

e distribution of 








OA na alysis of the Si 
l occupancy of the 
s some short-rang 






i general, strong AL resonances are 
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“Compound Unit cell composition* 


(I) Nao 6s MBs.80Alo 20 (Siz ogAlo.92)O20(O H), 
(H) Nao.sa[Mg8s.93Alo 19 (Sig. ogAl; 34)O29(O H), 
(HD Nay 26l M8s.4sAlo.asKSig.s) Al; a9)O20(0H), 
(IV) Nay ool Mge. 17Alo og (Sis. s6Alp 14)029(OH), 





Table 1 Unit cell compositions, cation exchange capacities and X-ray diffraction data for synthetic 2:1 layered silicate clays 


* The reported unit cell compositions and (Si/AD,., Values are averages of five independent analytical determinations using inductively-coupled a 















- Glycerol 
(Si/ Al)... Calculated Observed Air-dry solvated 
7.69 + 0.23 88 9} 13.1 18.0 cee 
4.88 + 0.08 119 134 14.2 14:6 
4.37 +0.12 i6 170 14.0 14.5 
2.74 + 0.04 201 l 201 14.2 14.9 






plasma emission spectroscopy. Samples were fused in lithium borate before analysis, and NBS plastic clay no. 98a was used as an analytical standard: 


t Cation exchange capacities (CEC) were obtained by NH% saturated and subsequent determination of Kjeldahl nitrogen. 
+ X-ray spacings were determined for oriented film samples using CuKa radiation. | 


Loewenstein’s rule* states that during the isomorphous substi- 
tution of Si by Al, occupancy of adjacent tetrahedral sites by 
Al is avoided. An early X-ray crystallographic study! of Si-Al 
ordering in the archetypical 2:1 mica muscovite has led to a 
model in which the Al centres are arranged in chains, clearly 
violating Loewenstein’s rule. More recent crystallographic 
studies” provide evidence for long-range ordering and separ- 
ation of Al centres in the brittle mica margarite, but not in 
muscovite. The lack of longer-range order for muscovite does 
not preclude the possibility of tetrahedral Al ordering within 
domains, preserving Loewenstein’s rule, but such short-range 
order is difficult to demonstrate crystallographically. Thus 
experiments which provide incisive information on tetrahedral 
site distributions are needed for the elucidation of 2:1 phyllo- 
silicate structures. | | 

Recent MAS-NMR studies of zeolites have shown the ”Si 
chemical shifts to be sensitive to the number of Al ions occupying 
` near-neighbour tetrahedral sites*°. Moreover, the relative signal 

intensities can provide structural information which cannot be 











mation in some systems’. MAS-NMR can be equally useful 


ble composition and layer charge 
othermal crystallization of gels'® 
od of 4 weeks. Table 1 provides 
eftinent physical properties for 
which undergoes swelling in 
a synthetic analogue of Na*- 
If) carry a layer charge near the 
ut they do not form a glycerol 
-intercalate glycerol, but the layer 
e expected for a vermiculite or mica. 
2 spectra are shown in Fig. la for 
1¢ relationship between the relative 
ances and the (Si/Al),,,, values allows 





glycerol, m 
saponite. Samp 
upper limit fo 
complex. Sam 
charge is closer 

Typical ”S 
samples (1), (ID 
intensities of th: 
‘us to assign tl 
centres in which 
neighbour tetrahed 
tively. None of the 
attributed to Si with: 
The average chemical sł 
(1 Al), and —85.5+0.8 py 
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site occupancy of (3 
‘95.1+1.1 (OAD, —90.1+0.9 
Al). It seems clear that the shifts 
depend mainly on the near-neighbour tetrahedral site 
_ occupancy. No second nearest-neighbour effects are observed, 
, _and there is little or no dependence of the shifts on layer charge 


















vor aluminium content of the octahedral sheet. 

© Representative “Al MAS-NMR spectra are illustrated in Fig. 

1b. All of the samples exhibit an intense 7’Al resonance near 
65 p.p.m. which is indicative of Al in a tetrahedral site’. Some 
samples (such as (IV)) also exhibit an unresolved tetrahedral Al 

- component upfield of this resonance. Aluminium in an octahe- 

< dral environment is clearly visible as a weak signal near 5 p.p.m. 
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provided for each ”Si spectrum 














in samples (I) and (ID). However, the intensities of the octahedral” SEE 












data 
shows that our clays contain tetrahedral Al in wi 
neighbour tetrahedral sites are occupied by Si, tha 
tetrahedral Al is in (0 Al) environments. It is possib 
that the multiple tetrahedral *’Al resonances arise from diffe 
ces in the occupancy of second near-neighbour tetrahedral sites. 
Although the octahedral Al in pyrophyllite and other 2: 1 layered © 
silicates is readily observed by *’Al MAS~NMR at high magnetic 

field strengths, the unusually weak resonance in our samples, 
which are tetrahedrally charged trioctahedral structures, may — 
be associated with a large and non-uniform electric field gradient 

at the octahedral sites. = A ae 
















iS- 


+ 0 Al-Al Pairs 
a | Al-Al Pairs . 





aer 
g rt 
8 i 
S i s 
i AR 7 
7 4 t 
f bd 1 
Wp 
ar 
Y ; ` 
0 i ad i f : Ao E ee 
~17,200 “17,160 ~ 17,120 
Energy (e7/A) 
ža 
h Sa 0.083 0.166 0.250 0.333 
17,150 « (6) 
T 
B | 
3 ~17,160 
id 
~17,170 





No. of Al-Si-Al 


_ Fig. 2. a, The potential energy distribution obtained for 89 ran- 

T domly generated mica-like structures (x = 0.250), grouped accord- 

ing to the presence of 0 (@) and 1 (A) AI-AI linkages per unit cell 

[e?/ A=14.4 eV]. b, The dependence of the average potential ener- 

gies of those mica-like structures with x,=0 on the number of 

Al-Si-Al linkages per unit cell. The numbers in parenthesis indicate 
the number of structures contributing to the average energies. 


The tetrahedral site distribution in 2:1 layered silicates can 
be obtained from the 7°Si NMR intensities by an analysis similar 


to that made for zeolites". The fraction of tetrahedral AI-AI 
-> linkages X,, is given y xX 
_. fraction of sites occup 
are the normalized are: 


=3x/2~(1-—x)M,/2, where x is the 
by Al, M, =U, +2} +3), and the J; 
f the NMR lines due to *’Si with 
1, 2, and 3 Al neighbours. If Loewenstein’s rule holds, 
=0, then the fraction of tetrahedral sites occupied by Al can 

bé obtained from the NMR spectra through the expression 
: x= M,/(M, +3). 
“ss The fraction of Si sites involved in Al-Si-Al linkages, x2, is 
an given by the expression x,=(1~x)M,, where M,=(1, +31). 
For a random distribution of Si ang Al in igrahedra: sites, 
subject to Loewenstein’s rule, the probabilit 3 
2 or 3 Al tetrahedra adjacent to a- Si can be c 
(Si/ AD sexe = t/r, the proba ilities P, i=0, 1, 2, or 3 Al, ar 
by the binomial: di str ation P =(1-rř, P= 3r(l =r) 
3r(1 Ma r) an Th 
distribution 
intensities given by the P, above. 

The values of the experimental ’’Si-NMR line intensities and 























Ee saie distribution parameters defined above are given in Table 2. 










` The values of x, are small and fluctuate about zero, showing 
“that within experimental uncertainty, Loewenstein’s rule is 
i obeyed. for this series of synthetic clays over the composition 


- détermined by chemical analysis and by NMR analysis also is 
compatible with Loewenstein's: rule. The experimental values 





The Si NMR spectrum for this random _ 
odel. consists of four lines with normalized 


- range x = 0.115-0.267. The agreement between the values of x 


: a of xX, are always smalir than. those predicted by the random 


Table 2 ?°Si MAS-NMR line intensities and tetrahedral site 
distribution parameters _ 









Sample I, I, I, ox x, Xz 

(1) O61 039 — 0.115(0.11) 0.00  0,00(0.04) Pi 
GD 0.52 0.44 0.04 0.170(0.16) 004 004011 ` 
dip 0.35 0.55 0.10 0.186(0.20) -0.03  0.08{0.12) 

(IV) 0.19 0.57 0.24 0.267(0.26) 0.02 018030) 





The normalized integral line intensities (Jp, J, T2} were obtained by 
fitting the observed spectra to a sum of three independent gaussian lines 


using a least-squares method. Values of x in parentheses were deter- 


mined from the NMR line intensities, assuming Loewenstein’s rule. 
Values of x, in parentheses were calculated from the random distribution 
model. 


distribution model which indicates there is some degree of 
short-range order in tetrahedral Al and Si sites in these 
structures. 

To understand the factors influencing the values of x, and 
X>, particularly in the case of the mica-like sample. (IV), we have 
carried out electrostatic potential energy calculations’? ona > 
mica structure (x = 0.250) with different tetrahedral Al and. Si ONS 
arrangements. The unit cell selected. contained 16 tetrahedral 
sites filled by 12 Si and 4 Al. There are. 1,820 different ways to 
fill the 16 sites. Of these, 100 were. randomly. selected and a — 
crystal structure for each was derived by the DLS method'*. 
Because the structural OH dipole i is sensitive to cation distribu- 
tion, OH was replaced by F in the model structures. 

The distribution of energies for 89 of the 100 structures is 
shown in Fig. 2a where the structures are grouped according 
to the presence of 0 or | AI-Al linkages per unit cell. The 
remaining 11 structures, which include 2 AI-AI linkages per unit 
cell, have energies above —17,090 e?/A. There is a marked 
tendency for the potential energy to favour structures in which 
no such linkages are present (that is x,=0). This suggests Al 
ions will occupy adjacent tetrahedra only rarely, in accord with 
Loewenstein’s rule and the experimental “Si MAS-NMR results 
of the present work. 

Figure 2b illustrates the dependence of the average potential | 
energy of those structures for which x, = 0 (48 of the 89 struc- 
tures) on the number of Al~Si—Al linkages per unit cell. These. 
results show that the structures with one and four Al-Si~AL 
linkages (that is x, = 0.083 and 0.333) are more stable than | 
structures containing zero and two Al~Si-Al linkages (x,=0 
and 0.166). Because of the small number of tetrahedra con- 
sidered in the unit cell, the sampling of x, values is. rather coarse. 
More extensive calculations with more sites per unit ‘cell will 
be needed to predict accurately the most stable x, value. 

We conclude that Si MAS-NMR measurements on four 









synthetic 2: l clays have shown that the Al tetrahedral occupancy 
follows Loewenstein’s rule. Furthermore, by determining x, the 


number of Al~Si-Al linkages per Si, we have shown that the Al 
occupancy is not random, there must be short-range ordering. 
The calculations for a mica with (Si/Al),..,=3 are consistent 
with this result as they ed a stable satel aes with an xz 





of short- -range ordering 2: : T ols aie 
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Nets with channels of unlimited diameter 
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Three-dimensional nets and polyhedra’? present an unlimited 
mathematical challenge, and systematic enumeration of the infinite 
series of four-connected nets is just developing®'° using selected 
algorithms. Several framework structures were solved and 
classified by invention of new nets (see refs 11-13). The four- 
connected nets of low density are of practical interest because 
their nodes may correspond with the tetrahedrally-coordinated 
atoms of aluminosilicate zeolites'*, some silica polymorphs”, 
aluminophosphates'*'’ and other molecular sieves. The nets can 
be classified by circuit symbols'~’ and coordination sequences'*"” 
Each oxygen atom of a zeolite and other tetrahedral frameworks 
lies near the midpoint of a branch connecting two tetrahedral 
nodes, and the empty volume between the close-packed oxygen 
-< atoms is important for molecular sorption. The largest ring in a 
natural zeolite or synthetic molecular sieve involves 12 
` tetrahedra''''*, but larger rings and sphere packings of lower 
density are known'*°-*4_ We report here two new infinite series 
of four-connected three-dimensional nets which contain channels 
of unlimited diameter. 

The four-connected three-dimensional net number 39 was 
obtained* from a stack of 4.87 three-connected two-dimensional! 
nets by addition of alternating upward and downward branches. 
Figure fa uses ab or presence of a dot at each three- 
connected node | ontal two-dimensional net to rep- 
resent the colouri ed by the change of vertical direction 
of the fourth: ingle four-ring (or square) can be 
extended to. a and of (n +1) four-rings for which 
the simpler ex “n= and 2 are shown in Fig. 1b and 
c Corresponding = channel diameter in the three- 
dimensional ids steadily as the limiting ring increases 
from eight nodes (a) to 12 (b), to (16) (c) and in general to 


















Fig. 1 Two-dimensional projec- 
tions of the first three members of. 
an infinite series of th 
dimensional nets based on_ st 
alternation of the vertical d 








_ regular geometry and 
logical symr Th 
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4(n +2). Relative rotation of adjacent bands of four-rings wo’ 
allow an elliptical shape for the channels. : 
Similar alternation of vertical branches joining a stack 
4.6.12  three-connected two-dimensional nets* gave fo 
connected three-dimensional net number 81 (Fig. 2a) which 
represented by the fifth member!’ of a series of aluminoph 
phate molecular sieves. Conversion of each four-ring into a ba 
of four-rings produces a second infinite series for which th 
simpler examples with n = 1 and 2 are shown in Fig. 2b and « 
As n increases, the limiting ring of the channel expands from 
12 nodes for one four-ring to 18 (n = 1), to 24 (n=2), and to 
6(n +2) in general. ie 
Strict alternation of the vertical branches is maintained in- 
both series, and the highest symmetry is assumed for each value 
of n. Sub-series with lower symmetry, and with incongruen 
channels, can be developed by variation of n in different horizon: 
tal directions. The strict alternation of vertical branches converts 
each horizontal branch into a crankshaft chain®. Adjacent cran 
shaft chains around the surface of each near-cylindrical chann 
generate edge-shared hexagons (or six-rings) which form 
cylindrical net (stereoplot in Fig. 4 of ref. 17: CAN channe 
Fig. 3 of ref. 25). Further infinite series with cha 
unlimited diameter can be obtained by changing the seque 
of vertical branches‘ and the type of vertical chain“ ; furtherm 
complex cages are obtained by rotation of some branch 
net 83 of ref. 4. Another suite of infinite series can 
from the two-dimensional net (4.6.8)(4.8.12) found in 1 
and zeolite L. Full details will be published elsewhere. 
Table I lists the geometrical and numerical properties of 
nets in Figs | and 2, based on the most regular geometry at 
an internodal distance near 0.31 nm. It is assumed that 


assumes that oxygen atoms (radius 0.14 nm) are p 
tions similar to those of aluminophosphate no. 
framework, for example, of SiO, composition, th 
details would depend on the chemical bonding, :; 
some tolerance in the distances given in Table 1. Fora 
of AIPO, composition with alternation of Al a 
topochemical symmetry is lower than the topological symmet 
as in the fifth member of the AIPO, series”. E 
Direct comparison with ideal sphere packings is diffic 
because the latter have constant distances between adi 
spheres in contrast to the considerable variation of O-O 
ances in the silica polymorphs and the aluminosilicat 
aluminophosphate molecular sieves. Nevertheless, it is inst 






















tive to compare the density of the present series of or 
with the least dense sphere-packings in refs 20-24 
density of four-connected nodes decreases syster 
towards zero as n increases towards infinity for each of th 
series based on nets 39 and 81. For T-T=0.31 nm, the sequence 
of node density per nm? as n increases from 0 in nets 39(n) is 
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` Properties of three- dimensional n nets in iden expanded shape 






















































Circuit symbol 


39 8 4.6° 14/mcem 
391) 24 (4°6*),(4.6°)> 14/mcem 

39 (2) 32 (4°67) ,(4.6°), P4/mec 

39 (3) 40 (4°6"),(4.6°)> 14/mem 
39 (n) 8(2 +n) (4°6"),,(4. 6°), $ 

Bi 24 4.6° P6,/mec 
811) 36 (4°6*),(4.6°), P6,/mem 

81 (2) 48 (4°67), (4.6°), P6,/mec 

81 (n n) 22 +n) (46°), _»(4.6°), $ 








(by 81 (1) 


18. 8, 16.1, 14.7, 13.0, 11.7, 10.5, 9.6.... Similarly for nets 81(”), 
‘the sequence is 17.4, 14.0, 11.6....16.3(2 +n)/(1. 37 +0.5n¥. 
There is also no lower limit of density for the nets” constructed 
by the Heesch-Laves™ ’ procedure in which a sphere is replaced 
-by a ring of three spheres in a sphere packing. 

-From the viewpoint of molecular-sieve technology, the new 
eries of nets offer an opportunity of unlimited channel diameter 


arge ions have proved useful as templates” (for example, 
nin the synthesis of fluoride-silicalite* ? 






and further explorati 
chains and helices, of the ad be considered. “Heteropoly and 


dian er) in the mineto cacoxenite? 





is PaE 


Space group 


f synthesis can be achieved, and the products are robust. Various 


: Should be enco ouraging, B ee 
sveit thoughi iron an oxygen octahedra do not provide a suitable 
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a E Free pen 
Ze (am) (nm) (nm) 
16 1.05 0.8. 0.3 
48 1.8. 0.8. 0.6 
32 1.65 0.8. 0.9 
g0 2.14 0.8. L2 a sae 
: j 0.8. ont > 
24 1.377 O.85+ O.727 o 
36 1.85 0.8. 1.2 
48 2.3- 0.8. 1.7 
{2(2 +n) (1.37+0.5n) 0.8. (0.72 oe) 





i Fot ease of reference, each sequence of nets is given the arbitrary number of the prototype from ref. 4 plus a bracketed number for the added T 
four-rings. All estimated distances are analogous to those observed for aluminophosphate no. 5, and a range of several percentage can be obtained 
varying interatomic angles. Z, and Z, are the number of four-connected nodes in the unique unit and the unit cell, respectively. 

saben al de sani | 0+0. m; n odd: A a | ieee das. 


? Fig. 2 Two-dimensional projec- 
tions of the first three members of 
an infinite series of  three- 
dimensional nets based on strict 
alternation of the vertical direction 
(presence or absence of large dot) 
of a fourth branch added fo each 
node of the three-connected 4.6.12 
net. The unit cellis shown by comer’ 08. 
marks. Small dots show approxi- 
mate positions of oxygen atoms - 
expected for occupancy of the 
tetrahedral nodes by Si or by alter- 
nating Al and P, dnd the arcs rep- 
resent an atomic radius of 6.14 nm. 
The approximate free diameter for 
a molecular sieve is shown below 

each net. 
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: . Quasi-erystals exhibit optical nonlinearity“. Other types of aae 
i ri olecules bri spiropyran side groups“ 










: groups have been: + dis 
R merocyanine orgs 
pre 







ientation i in an A electrik field), but. have 








para ae vronoel thet organic compounds with this novel 
of organization be called quasi-liquid crystals (QLCs). 


Spiropyrans of the general formula A (R =CH;,0—,- 















CsH,;0—, CN—, see below) were synthesized by a process hat 
will be described bleawhera’ The structures and purities (> 99%) 


of the spiropyrans were established by chemical analysis, NMR 
and a te The colour change of mer materials 








-CH 
a) eS 
i 

O 

CH, 


B (merocyanine) 


i Crystals of these § spiropyrans, obtained by slow crystallization 
_ from a suitable solvent, have sharp saa pointe (Table 1) and 
give isotropic melts. | ee 
The compounds can also be obtained-ai rin in amorphous films 
by fast evaporation o he: solvent from their solutions oe 
surface. In this | ery. Vis 
transparent films 
remain in the am 
‘several days de 









































exists is. s. much lower thati : í 
(Table 4)..For example, : piropyran with R= CH,O— 

the m.p. is 198-203°C, while the temperature range for the 
\ birefringent texture is 50-130 °C. The material above 130°C is 
~an isotropic liquid; below the melting point of the crystal it is 
metastable. The texture disappears above 130 °C, and reappears 
~ on cooling bi 30 °C. However, this process is not completely 
reversible due to the competitive crystallization process, which 
is slow at low temperatures but faster at higher temperatures. 
The beginning of this crystallization process is shown in Fig. 
1b. The clusters of non- as is dark spots are microcrystals. 
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letely different from conventional liquid | reheated: trom: 


and E = 1.5kVmm"! 


off. Both electron microscope 





Films cooled to room temperature retain their anisotropic struc- 
ture. It looks as if the mesophase is ‘hidden’ beneath the crystal 
phase and appears only when we destroy the crystal lattice by 
dissolving the crystalline spiropyrans. However, this is not the 
case, because the isotropic material obtained by heating 
spiropyran crystals above the melting point gives, on cooling, 
isotropic glass, which does not exhibit birefringence on being 
ae temperature, that: is the system does ae ee 





2 








For c orientation £ in an ‘electri > da thin amorphous film was. Pa 


cast onto a glass slide with interdigital electrodes. The QLC- : 
-were orientated in a constant electric field of >0.5kVmm 






‘spiropyran with R= CH,O— give at 90°C. oe 

nearly: homogeneous birefringence (Fig. oe 
2). The higher th > field and the temperature (below the clearing 
point) the better and more ‘uniform was the orientation deter- 


For example, films 








_ mined from the linear dichroism. Very thin films (<1 jum) are Se 





oriented much more slowly and less completely, probably due oe 
toan a Je effect. © t: Oriora 1th fie eld Sook 5 











| Without iE f bor at t least 3 mc 


















peaults, (to be published 
optical microscope observations showed the absence of cry 
However, at temperatures above the clearing point the ele 
field does not cause orientation but on receouee) in nthe field 





orientation is restored. g 

Stabilization of the oriented 
measure the absorption sp 
(Fig. 3). The extinction coeffic 
measured in solution in: benze 
2.23 x 10° and 1.75 x10* fort 
and R=CN—, respecti\ 
visible absorption max 
from different spiropyran 
10° 1 mol”! cm” ' (refs 
valid for the films we c; 
(C) of merocyanine a 
abosrption spectra: C 
Dae, and D.p are 
spiropyran, respectively 
sion of spiropyran inti 
films is only 3~10%. A further, 
absorption spectra of the lias avec dichroie oa in the . 
of the merocyanine absorption band (Amax ~ 600 nm 
the region of spiropyran absorption (Apa 
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Fig. 1 Optical texture of unaligned QLC films viewed through crossed polarizers. a, Mixture of spiropyrans with R= CH,O— and CN—, in 
the ratio 1:2, at 115°C. b, Spiropyran with R = CH,O—, at 90 °C; clusters of non-birefringent microcrystals are distinctly seen on the yellow and 
bluish-grey sections as shown on the front cover of this issue. 





Fig. 2 Optical texture of QLC films aligned in an electrostatic field (E = 1.5 kV mm ' at 90 °C, distance betweem electrodes = 1 mm), viewed 
through crossed polarizers. The dark parallel stripes on the picture are areas of the interdigital electrodes. a, Mixture of spiropyrans with 
R=CH,O— and CN—, in the ratio 1:2. b, Spiropyran with R= CH,O—. 


while the bulk of the material, which consists of spiropyran with R=CH,O— and CN— gives S=0.2 at 90°C and E = ~% 


molecules, is unoriented. 1.5 kv mm '. The direction of the long molecular axis, coincident 

The order parameter of the merocyanines is given by S= with the direction of maximum absorption of polarized light, is 
(D,— D,)/(2D, + Dı), where D, and D, are, respectively, the parallel to the field for all examined compounds and mixtures. 
absorptions parallel and perpendicular to the electric field. This Orientation of the films in a low-frequency alternating field 
parameter depends on the field strength, the temperature and (~ 50 Hz) was also observed, but in this case the oriented QLC 


the film thickness. For example, a 1:2 mixture of spiropyrans were not stable and crystallization occurred very rapidly. 
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Fig.3 1-4, Spiropryan with R= CN—: 1 ,2-absorption spectra of 

oriented QLC films, light polarized respectively parallel and per- 

pendicular to the electric field; 3, order parameter, S, as a function 

of A; 4, absorption spectrum in benzene solution. 5-8, As 1~4, but 
for spiropyran with R = CH,O—. 


. Simple considerations, similar to those given in refs 2 and 3, 
` lead us to conclude that orientation of separate merocyanine 
molecules is inconceivable in an electric field as weak as l- 
1.5kVmm™'. Only assemblies of interacting molecules, having 
large net dipole moments, can be oriented in such a field. It is 
also inconceivable that the weak interactions, associated with 
the anisotropy of the polarizabilities of the mesogenic groups, 
and responsible for the occurrence of the liquid crystalline state 
of material, would keep together the merocyanine molecules in 
such assemblies. Indeed, the concentration of merocyanines in 
the isotropic spiropyran bulk is low (3-10%) and the existence 


Of liquid crystalline domains of merocyanines in a pre- 
- dominantly isotropic phase is thermodynamically highly 
improbable. 


‘merocyanines or their complexes 
tacks similar to those in quasi- 
crystals because the viscosity of 
d stack formation by diffusion 
r, the interaction of the dipolar 
e surrounding spiropyrans results 


in lyotropic systems”. If these domains 
ey may provide the material with QLC 
| he temperature above the clearing point 
-= the ordering o mains is presumably destroyed. The fact 
- that QLCs appear only in the films cast from solution and never 
from spiropyran melt may indicate some kind of latent preor- 
¿ganization or complexation developing on evaporation 
solvent. er & Ro Raye 
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Until recently it has been generally thought that a stagnant water 
column is a prerequisite to the formation of organic-rich deposits 
in deep-water marine sediments, a belief best exemplified by studies 
on the eastern Mediterranean sapropels. Many workers have _ 
assumed that, following the hydrological isolation of the deep 
waters, stagnation of the eastern Mediterranean basins and the 
concomitant development of anoxic conditions occurred before the 
deposition of the sapropelic layers'“'°. Opposing arguments sug- 
gesting a role for increased marine productivity have, however, 
been put forward, both specifically with respect to the eastern | 
Mediterranean sapropels'"'* and more generally regarding deep- 
water organic-rich deposits'*"*, We report here the discovery of | 
sapropelic layers (>0.5% organic carbon)"* in a recent sedimer 
core from a deep-water site in the Guinea Basin. It is thought — 
most unlikely that stagnant conditions could prevail in the water 
column at this site, and preliminary analyses of the sediments. 
suggest that the organic-rich deposits have been a direct result of 
increased productivity in the overlying water column, the most _ 
recent occurring about 18,000 yr ago and coinciding with the last — 
glacial maximum. : Eo 
The core (10529) was collected using a Kastenlot corer’ 
equipped with a 4-m long 15 x 15 cm section barrel during RR! 
Discovery 128 cruise to the South Atlantic. The core site 
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The results of a stratig 
distributions is shownin | 
huxleyi and Gephyrocap 
ages. The reversal in dom 7 | 
huxleyi is known to occ opical areas, at about 85,000 yr 
whilst the first occurrence of E. huxleyi is dated at 270,000 yr 
(ref. 18). The peak abundance of G. aperta between these two _ aS 
dates has been recorded by Breheret'? and Weaver” and it _ 
occurs in oxygen isotope stage 7. No evidence of any major. 
sediment reworking, such as by turbidites, was found. Any such ae 
id contain mixed young and old coccolith assem: 
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y dif 
show the oozes to have considerably raised | 
carbon (Fig. 1) and opaline silica (Fig. 3a), but 
amounts of calcium carbonate. The calcium carb 
were confirmed by X-ray emission analysis'' for CaO (Fig. 1): 
The three major ooze deposite coincide with peaks in the organic 
carbon values with a double peak in the most recent ooze. The 
low carbonate values in the oozes could be caused either by 
dissolution or dilution of the carbonate fraction. Visually there 
appeared to be no consistent relationship between dissolution = 
of carbonate tests and the ooze deposits. Furthermore plotting _ 


the organic carbon and opal value on a carbonate-free basis E 
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Fig. 1 Care reais and content of organic carbon carbonate (% dry weight of sediment), . | ee eee 


-Fie 3b) indicates: that. the variation in these components are | 
-independent of variations in the carbonate content. The available 0 Fe 
evidence suggests that the increased levels in organic carbon 
-and opaline silica reflect periods of increased inputs of biogenic 
_ silica to the sediments ae the normal carbonate 
contribution. 
` Quartz levels in the core are generally low (<1%) but X-ray 
- emission spectrometric analyses''* indicate that there have 
been increased contributions of fine-grained alumino-silicate 
minerals to the sediment during ooze deposition (Fig. 3a). The 
_ origins of these. inputs are at present unknown, but again there 100 
: -is no evidence of major p post-depositional sediment transport 
ve (such as turbidites) in the core. 
~~ Some 10-cm horizons from the upper part of the core were 
taken for '“C dating and 5'°C measurements (Table 1). Age data 
- based on carbonate '*C give no indications of any major contri- 
bution by turbidites in the upper 90 cm of the core, in agreement 
= with the stratigraphical analysis (below 90 cm the age of the 


> core is beyond the“ “Cda ng method). The Ho ane ages 
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Fig. 3 a, Basic mineralogical composition (% dry weight of | 
sediment). b, Organic carbon and opaline silica data expressed on b 
a carbonate-free basis, f 


in this area and such sedimentary sites would be expected to 
receive a considerable contribution of organic matter from ter- 
rigenous sources resulting in greatly more negative 5'°C values. 
Preliminary analyses on the component lipids from the dark 

~ _ band within the most recent ooze (97-102 cm) show a fatty acid 
-= > profile dominated by C,,-C,, even chain acids (>85% total 
fatty acids). Long chain fatty acids (C)_~C3), which are typical 
_... Organic components of most terrigenous inputs, were only minor 
~~ components (<6% total fatty acids). Such a fatty acid profile 
_is taken to indicate that marine phytoplankton dominated the 
organic input during this period of the core’s history with a 
minimal input of terrigenous organic material™**. There was a 
considerable monounsaturated fatty acid component (11-12% 
total fatty acids) which is somewhat surprising for a sediment 
0-4 old. We believe that for such good 

rated lipid the original organic 
n deposited rapidly in a relatively 
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ductive areas of the ocean (the upwelling 
Peru) have indicated that in the relatively 
elf and slope areas the organic material 








eo 

















Average 
accumulation 












th Age based on c 1 ky 
in core) carbonate “C based o 
(em) (yr) 






20-30 5,100.90 






ce C295 
50-60  15,260+230 — R IN 










OTD AIR 






3.42 
















1ought to occur in marine water columns of, at most, a few 
indred metres. 

The development of stagnant hydrographical conditions have 
ormally been invoked as the primary process'"'°! for the 
reservation of organic material in sediments underlying water 
olumns of several thousands of metres depth. However, peaks 
in the organic carbon profiles of recent deep-water sediments 
(2,700-3,500 m) from the eastern equatorial Pacific’? has been 
__ taken as evidence for periods of significantly increased produc- 
tivity in the area during the last glacial maximum. The sediment 
under present study is from a considerably deeper core site 
_ (4,735 m) in the middle of a flat abyssal plain interrupted only 
_ by a few isolated sea mounts. It is very difficult to imagine that 
_ stagnant conditions have prevailed in the overlying water 
columns at this site during the history of the core (~300,000 yr). 
_ Whilst conclusive evidence is not available to prove this point, 
there is strong evidence to support the hypothesis that the 
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Isotope studies of insular phosphates 
explain atoll phosphatization 
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ome is a aior ' aabot of the phosphate deposits that occur 
on numerous coral reef islands**. Such insular pohsphates are 
generally accepted to be the result of chemical interaction between 
_ Solutions oa seabird guano and th Bae ng reef lime- 
; v specific thtecd™ 
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deep-water, organic-rich ooze deposits found in this core from 
the Guinea Basin were a direct result of periods of increased 
productivity in the surface layers of the overlying oceanic water 
column. First, the core mineralogy shows that the ooze deposits. 
were associated with a considerable increase in the input a 
biogenic silica. Second, the most recent peak in organic carbon 
corresponds to a period of raised sedimentation. Third, the 
stratigraphical analysis, ‘““C carbonate age profile, 138C 
measurements, quartz data and fatty acid analyses all show no 
major turbidite influence in the core. Fourth, the '’SC and fatty 
acid data indicate that the organic matter in the most recent 
ooze deposits mostly originated in marine plankton. 

The recent report of a seasonal pulse of organic detrital 





material to bathyal and abyssal depths being derived directly 


from the surface primary production” supports this theory. 
We thank Dr D. D. Harkness of the Scottish Research Reactor 
Centre for providing °C data and '*C dates. 
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respectively. Two samples from Ocean Island (0°53 S, 169°35" E) 
and Makatea (15°50 S, 148°13' W) are also included to augment 
the representation of high oceanic islands capped by phosphates 
and separated by wide stretches of ocean (Table 1, Fig. 1). The 
phosphate from Ebon Island is typical of atoll phosphate rock, 
or “crust guano””''. The material consists of coral rubble, 
mainly coral aragonite, bound together with thinly laminated 
collophane (cryptocrystalline apatite) cement, thought to be a 
primary precipitate which forms when phosphatic solutions 
leached from guano first come into contact with the limestone 
substrate. Minor aragonite micritic cement coexists with the 
apatite in the fine laminae. The phosphates from the high-lying 
atolls are of two distinct types (see Table 1). The first are typical 
of the unconsolidated phosphate ore filling the depressions 
between pinnacles (karst remnants). These samples are fine to 
medium-size pisolitic and oolitic pellets with a markedly con- 
cretionary structure and are thought to be formed by rapid 





interaction of the solutions leached from the guano with the 


directly underlying coral-sand’. The second are phosphatized 
reef rocks in situ, including: (1) pure apatite cast of reef-coral 
where the coral carbonate skeleton has been completely removed 
ion; (2) banded phosphate layers overly- 
ré cent (agate-like) Poa called 
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i ae covers the phos 
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diffraction measurements to be free of any associated carbonate, 
was then dissolved at 25 °C in 100% HPO, for 72 h. The isotopic 
fractionation of oxygen in the evolved CO, was assumed to be 

the same as calcite”. The organic matter residue was filtered on 
ilicon paper and combusted at 900 °C in pre-evacuated quartz 
ubes in the presence of CuO and silver wire’*. The aragonite 
ement from the Ebon phosphate was chipped off under a 
microscope and analysed separately. The CO, evolved from the 
separate fractions was analysed in a gas-source mass spec- 
trometer for '*O/'°O and/or °C/"C isotope ratios following 





standard procedures'*. The results reported according to the 
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= Table 1 Experimental data and stable isotope results of insular phosphates : 


Inferred aget Ea 
{yr} % CO, O 


4,000 + 300 L0 gy 








*Ic, Laminated collophane; sp, unconsolidated phosphate ore of sand-sized 
of pinnacle; na, translucent phosphate (nauruite); bs, black phosphatic soil. 
-t Based on U-series age determinations of apatite fraction (ref. 12 and H.H.V., unpublished). 
-~ $ The overall error (1c), based on standards analysis, is estimated to be 1%. 





Involvement of seawater during apatite formation on Ebon 
Island, implied by the oxygen isotope data, is independently 
supported by the relatively high fluorine content of the apatite 
fraction, because neither guano nor reef limestone are adequate. 
sources for this element!?. In fact, the wide range of fluorine 
content exhibited by different insular phosphates” has been 
attributed to variable exposure of insular apatites to sea spray = 
or seawash’® which in the case of low island deposits is not — 
difficult to envisage. wis 
_ By contrast, the distinctly light 6'8O and 86°C yielded by the _ a 
phosphates from. Nauru (Table 1) may indicate apatite deposi- 
tion from meteoric waters presumably following emergence of 
Nauru more than 200,000 yr ago. This suggestion is supported aoe 
by (1) the proximity of the 6'°O and 5'3C values to the field of 
coral-reef limestones recrystallized in subaerial environments __ 


on Pacific islands (Fig. 2); (2) petrographic evidence which __ 


indicates that some of the coherent apatites formed as casts that 
preserve coral textures and that subsequently the coral dis- 
solved presumably on subaerial exp osure; and (3 logical 
evidence? which indicates that phosphatization 
evidently occurred when Nauru was even more elevated th 
it is today. The isotopic compositions. of the apatites fr 
W within the tene 







Ocean Island and Makatea, \ 
values reported for the apatites from 
similarity between the deposition 












points r 
cussion. o R 
First, the extreme light 5'°C compositions of the apatite-C 
from Nauru, averaging ~12%, is consistent with a source of 
carbon in the meteoric water formed by roughly equal amounts — 
of CO, generated by guano aerobic decay (8° : 
dissolution of a reef limestone. 
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CO, endmember sources and / ori 
5"°C compositions (Fig. 2). 
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> Second, groundwater which is abundant during subaerial 
diagenesis is a large reservoir and buffers the 5'°O of chemical 
precipitates in the vadose zone*"**. With one qualification to 
be discussed below, the narrow $O range yielded by the 
baerial phosphates reported here probably reflects the narrow 
6'%O range of local rainfall during diagenesis”. In this context, 
the '“O-enrichment of 2.5% observed in the apatite from 
Makatea relative to the apatites from Nauru (Fig. 2) is consistent 
with the documented 5'*O differences between the western and 
eastern tropical Pacific rainfalls’. 

If the apatite-CO, formed in isotopic equilibrium with the 
meteoric water, then the oxygen isotope composition of the 
phosphatizing solutions can be estimated using an ambient 
temperature of 28 °C, the present mean monsoonal temperature 
on tropical Pacific islands, and the calcite geothermometer”*. 

The latter has been shown to be indistinguishable from the 
apatite-CO, geothermometer”’. Viewed this way, 5'*O values 
of the phosphatizing solutions range between —4.3 to —2.7%, 
SMOW on Nauru and Ocean Island and —1.8% SMOW on 
Makatea (Fig. 2). 

Studies have shown that 5'°O values of groundwater reflect 
the isotopic composition of precipitation during the season of 
maximum infiltration®®. Thus abundant monsoonal rainfalls, 

_ unusually depleted in '*O relative to the trade precipitation (Fig. 
' 2), must provide the main source of meteoric water at tropical 
Pacific sites affected by the monsoonal circulation?’8. For 
example, the '"O-depleted meteoric water is well imprinted in 
the 5°°O compositions of late Pleistocene coral-reef limestones 
from New Guinea shown in Fig. 2. As isotopic modelling”? 
indicates that Nauru and Ocean Island presently pertain to the 
same province of light 5'*O rainfall as New Guinea (80 = —6 
to -84 SMOW), this reasoning would suggest that phosphates 
on these islands were formed from meteoric waters with O 
contents appreciably different from present precipitation in the 
_.. Yegion: The apparent 'O-enrichment may be attributed to the 
~- effect of monsoon failure, increased evaporation, or both, and 
_. in either case mean that major phosphate deposits of Pleistocene 
or earlier ages on high islands were formed in much drier climatic 
conditions than those now prevailing. 

According to Hutchinson", the distribution pattern of 
islands with modern guano deposits Suggests that organic pro- 
ductivity caused by upwelling, coupled with low rainf: all, favour 

the net accumulation of guano and hence should provide an 

dequate source of phosphorus for the formation of insular 
phosphate deposits (Fig. 1). However, the distribution pattern 
of ancient insular phosphate is quite different from that of 
modern guano deposits and cannot readily be explained in terms 
of present climati it 7 

The results of thi 
explanations of thesi namely that they are related 
to shifts in frequency : bundance of tropical rainfall during 
the ice ages—factors which also affect the temporal and spatial 
distribution of guano phosphate deposits. Our suggestion of 
drier climates in the tropics during the Quaternary ice ages is 
quite consistent with an intensified Hadley circulation” and a 
strong development and extension of equatorial upwelling in 
the Pacific’, 5 005o a 
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Most of Beauchéne Island in the South Atlantic is covered 

tussac, the tussock-forming grass Poa flabellata ( al : 
which has produced a deep accumulation of exceptii 
peat during ~ 12,500 yr. The basal peat is lignitic, yet it is i 
hundred times too young to be a true lignite. During an ecolo; 
cal survey of the island in December 1980', one of us (R.LLS 
sampled an 11-m high peat face. The age against depth profil 
the peat is consistent with a constant proportional rate of de 
of 1.1-2.2 x 10 yr“ and a constant rate of addition of dry m 
to the peat of 430-720 g m™~* yr~’. This rate of decay is within 
range recorded for peats in corresponding latitudes in the Northern 
Hemisphere, but the rate of addition of dry matter is about 10 
times as great. This is not easy to accommodate within current 























and is 60% covered by continuous closed tus: 
Individual plants, at a density of 600-700 per hi 
3.5m in height, including a peaty pedestal 1.0-1.51 | 
2m in diameter, and have a canopy up to 4.5 m across; a sk 
of dead foliage extends from the side of the pedestal a 
interlaces with the skirts of adjacent plants. This is an almos 
truly monospecific plant community with almost no ground. 
A further 35 hectares are occupied by dense mixed colo 
of about 300,000 pairs of rockhopper penguins (Eudyptes 
} pairs of black-browed albatross 
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The grassland grows on a deep mantle of peat composed of 
Poa flabellata litter. Along about one-third of the main bird 
colony the western edge of the tussac grassland is eroded into 
a steep and often near-vertical peat cliff (Fig. 1) along which 
the maximum recorded depth was 13.3 m. 

Beauchéne Island has a cool temperate oceanic climate similar 
to, but probably cooler, drier and windier than, that of Port 
Stanley (Fig. 2) on the east side of East Falkland Island. It is 
similar to that of Tierra del Fuego. Compared with Moor House 
in the North Pennines of England, which has extensive blanket 
bog, the temperature regime is more equable with little frost, 
and the precipitation is much lower. Other regions of the North- 
ern Hemisphere, such as Ireland, have extensive peat bogs with 
as equable a temperature regime as Beauchéne Island but even 
larger precipitation than Moor House. Yet others, such as con- 
tinental Europe, North America and north Eurasia, have peat 
bogs with a much less equable temperature regime and similar 
precipitation. 

The concentrations of inorganic species in leaves of one Poa 
flabellata plant and in three samples of surface peat from 
Beauchéne Island were determined’. These values are compared 
with some for North German surface peats (Table 1). The 
influence of sea spray is clear in the values for Na, but not in 

‘Mg. The cation exchange and chelating capacities of the 
Beauchéne Island peat are smaller than those of the North 
German peats, and this may reduce selectivity for higher valence 
ions. The absence of soil dust may partly account for the lower 
values of Ca, Fe and Al: the island rock is quartzite. Inorganic 
and total N are high in the Beauchéne Island peat, probably a 
consequence of the close proximity of so many nesting birds, 
but PO, concentrations are not ve igh. Inthe live plant there 
are higher concentrations (thah in the peat) of NH, and 


especially of K. In genéral there seem to be no obvious -r i | 
cies in the live plants, but the concentration of K in the 


may perhaps limit the activities of microorganisms, particularly 
at pH 3.7 which now prevails near the surface (Fig. 3). 

The physical properties of the peat are unusual. The water 
content was measured on samples of peat stored for about 2 
weeks in sealed polythene bags. The dry bulk density of air-dried 
peat was measured much later, but the results showed that during 
air-drying the peat had shrunk considerably. The dry bulk 
density of fresh peat was therefore measured indirectly by two 
methods. A sample was heated in water at 98 °C for 24 h. The 
peat was strongly coherent. Its volume was determined by dis- 
placement. The surface was blotted and the rehydrated fresh 
mass measured. Then the sample was put into a ‘specific gravity’ 
bottle whose mass was measured. Finally the sample was dried 
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Fig.1 An eroded cliff in the 
western edge of peat formed by 
tussac ( Poa flabellata) grassland on 
Beauchéne Island in the South 
Atlantic. The birds in the fore- 
ground are part of a breeding 
colony of rockhopper penguins 
and black browed albatrosses. This 
is the site where our samples were 
taken. The white stake is 2.80m 
long and the depth of peat from 
the base of the grass tussocks to the 
bedrock is 11.3 m. At the north-east 
edge of the island is a similar cliff 
in 5 m of peat. 
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at 105°C for 24h and its mass measured. From the ‘specific 
gravity’ measurement the dry matter density, and then the 
volume of dry matter, were calculated. This, together with the 
fresh and dry mass, gave the wet volume of the rehydrated peat. 
The results agreed to within 5% with the direct measurements 
of volume. Next it was assumed that the difference in water 
content of the rehydrated sample and of the original wet peat 
gave a direct measure of the loss of volume from the peat in 
the fresh state and so, finally, the dry bulk density. The second 
method used the fact that the density of the dry matter (not the 
dry bulk density) changed approximately exponentially from 
1.44 g cm™ at 75 cm depth to 1.62 at 1,100 cm depth. With this 
information and the water content of the original wet peat, 
assumed water saturated, the minimum value of the dry bulk 
density was calculated. For nine samples below 125 cm deep, 
this calculation gave results within 3% of those obtained by the 
first method. This close agreement probably indicates that the 
dry bulk density values are sufficiently accurate and that the 
peat below 125 cm depth is water-saturated and hence probably. A 
anaerobic. The first method gave higher values than the second 
for the two topmost samples: 0.29 compared with 0.25 gem 
at 75 cm; 0.34 compared with 0.30 at 125 cm. This is consistent 
with some gas in the fresh peat at these depths, or with bias in 
the first method applied to these markedly less-coherent peats. 
Whatever the explanation it does not seriously affect the use of 
the dry bulk density values for the assessment of the peat 
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Table 1 Concentration of some inorganic species (pmol g ') and loss 
on ignition (%) on a dry mass basis 
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io en À Beauchêne Island North Germany’ 
Lan nA Surface Surface 
Poa» tussac peat 
flabellata » peat: range inter- 
green leaf of three quartile 
mid-lamina values range 
Na 160 120-150 2-10 
K 490 2-10. 10-60 
{Ca 60 110-490 200-500 
Mg 70 83-130 160-800 5 
Í Fe 10 80-90 100-300 “F 
iAl 10 80-90 170-1,100 j 
PO,—P 180 6-120 30-650 
NO, +NO,-—N 0.5 0.8-5.4 < 0.01-0.01 
H,- N 240 9-27 1-15 
Total- N 1,700 2,500-4,900 700-1,800 
Loss on ignition 95 78-85 50-95 
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E a process (Fig. 3). In the absence of measurements 
of redox potential, however, we do not know the extent to which 


the surface layers are aerobic, and this is crucial in any attempt 
to understand the decay processes’. 

The bulk density of dry matter is unusually high for bog peat 
1d the loss in mass on ignition was high (89-95%) so the high 
bulk density cannot be attributed to the presence of large 
amounts of inorganic matter. The bottom 150cm of the peat 
are lignitic. Where this peat is exposed to the air it becomes 
black, rock-like, and breaks with a conchoidal fracture”. The 
field water content of this material is ~30% (of the dry mass) 
but about Im in from the peat face the water content is ~200% 
and the peat has a very hard cheesy texture. True lignite is 
chemically altered by geothermal heat and is > 10° yr old, yet 
“C dating shows that the lignitic peat is younger by several 
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Fig. 2 Klimadiagramms (superimposed) for Port Stanley (PS), 


East Falkland Island and Moor House (MH), North Pennines, 
- England. 
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sane peat may be aule mal ton 
is produced only by that part of. th 
greater than that of water. Thus. fo 
saturated peat of Eg bulk density 0.3 
density Í 3 gc cm” *, the pressure will be és 
150 g em? 3 
The “C- -age of 10 samples spaced dow 
measured (Fig. 3). anc : 
dry matter of p= 520-720 (95% confidence limits gr 
of proportional: rate of decay of a= 1.2 10-4 ~: 
The asymptotic limiting depth, p/a, is 360gem™” a : 
~330 gem”? at present). If pe dry. bulk density of his matter s 
were ~0.35 g cm” then the limiting depth would be ~14m. The 
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the rate of decay of Beanehéne sland Rend is ‘within the range 
(0.7-5) x 10° yr! for Fennoscandian peats; (4) the rate of addi- 
tion, p, of dry matter to Beauchéne Island peat is about 10 times 
as great as the rate (35-78 gm™' yr‘) for Fennoscandian peats* 
(Fig. 3). The quoted Fennoscandian values of p ai rate of 
addition to the anaerobic peat and are ~ -l 10% of the ne 
tivity of the vegation there. If the si ie on B 
Island then net productivit 
which is an implausibly (bı 
relative growth rate of- 
over the 24-week austra 
of 240 gm? invested. 
to produce 5,500 g m” 
a site close toa seal wall 
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It is difficult to account for the Beauchéne Island peat. The 
concentration of inorganic elements in the plants reveals little 
about what limits the productivity of Poa flabellata. The species 
favours organic soils and is highly tolerant of sea-spray and 
biotic disturbance. Its luxuriance and productivity are enhanced 
wherever there are breeding populations of seals and seabirds. 
It is not known why the plant matter does not decay as rapidly 
as it forms. Populations of bacteria, yeasts and other fungi in 
the peat are high”. The temperature is not so low as to restrict 
decay in general. At the much colder sub-Antarctic South 
-Georgia tussac peat accumulates to several metres in depth’ yet 
decomposition of other organic matter proceeds quite rapidly’. 
Why then does peat accumulate on Beauchéne Island at all? 
And why is the rate of input to it so high at the same time as 
the decay rate is low? Part of the reason must be that the large 
input of volatilized nitrogenous compounds from the adjacent 
massive seabird colonies promotes rapid growth of the grass. 
In contrast, decomposition may be slow because of the low 
rainfall and high evaporation rates, caused by the almost per- 
petual strong winds, which together maintain a fairly dry sub- 
strate moisture regime in the surface layer of peat. In Arctic 
tundra peats a moisture content <300% inhibits microbial 
activity and decomposition rates. The water content of surface 
peat on Beauchéne Island is 250-350%. Potassium may also be 
- deficient. The Beauchéne Island Poa flabellata peat raises funda- 
< mental issues about how peat forms, and would repay detailed 
= study. 
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Although it is well established that family members OEE E APRE 
other in intelligence’, the extent to which this results from either 
shared genes or a shared environment remains. controversial’, 
perhaps especially since the relevant evidence presented. by Burt 
has been shown probably to have been fabricated’. The influence 
of heredity and familial environment may be distinguished b 
studying adoptees. Here we present correlations in intelligent 
educational level be 
tees who have | 





have been reared separately, and, conversely, between 
_ genetically unrelated pairs of adult adoptees who have been reared 
<` together. We are unaware of any previous study of adults which has 
- reported on both of these types of relationship. The results for 
-intelligence conform closely to what would be predicted by a simple 
_ polygenic model of genetic transmission whereas those for educa- 
= tional attainment imply both genetic and familial environmental 
. components. 
From a Danish adoption register” we have identified four 
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tween genetically related pairs of adult adop- genetically correlated. 2 


f groups of sibling pairs. The first three groups comprise geneti- 
cally related pairs who were adopted and reared apart in separate 
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families: full siblings reared apart (FA, 34 pairs), maternal 
half-siblings reared apart (MA, 52 pairs) and paternal half- 
siblings reared apart (PA, 41 pairs). The fourth group comprises 
genetically unrelated pairs who were adopted and reared 
together in the same families (UT, 27 pairs). All of these adoptee: 
were male, born between 1938 and 1947. Their median age at 
transfer to their adoptive homes was 5 months, and 86% had 
been transferred by 2 years of age. oe 

Intelligence and education data for these adoptees were 
obtained from draft board records. Danish conscription. law 
requires males, on attaining the age of 18 (or shortly thereafter, 
and not later than 26 years old), to appear before a draft board. 
A medical examination is performed, educational level (EL) is 
recorded on a 9-point scale from 1 = minimum years of grade 
school (that is, 7) to 9= university degree, and an intelligence 
test, the Børge Prien Prove (BPP), is administered. 

The BPP is a 45-min group test consisting of four subtests 
covering broad areas of cognitive functioning: letter matrices 
(similar to Raven’s progressive matrices), verbal analogies, 
number series, and geometric figure analysis. Each subtest com- 
prises approximately 20 items arranged in order of increasing 
difficulty. The BPP score is the total number of correct answers. 

BPP and EL scores, together with height, were traced in the 
draft board archives for 28 FA pairs, 34 MA pairs, 30 PA pairs © 
and 24 UT pairs. 5 

We have also identified a fifth group comprising 73 pairs of 
non-adopted brothers, that is, full siblings reared together by 
their biological parents (FT). These pairs, for whom heightand 
BPP and EL scores were also available, are derived from a large = 
sample of males used in another study’ and differ somewhat | 
from the adoptees. They were born between 1944 and 1947, they 
were almost all reared in Copenhagen rather than, as were the . 
adoptees, distributed across Denmark, and they were at least 
184 cm tall. 

Quantitative predictions from a familial environmental or 
genetic hypothesis, regarding the degree of resemblance to be 
expected between such pairs of adopted and non-adopted sib- 
lings on any given measure, will to some extent depend on the 
parameters included and on the assumptions made. Heuristi- 
cally, however, the following simplification may be proposed 
in terms of expected intraclass correlations (p): a strictly en- 
vironmental hypothesis would predict zero correlations among 
all separately reared pairs and a positive correlation between 
those reared together corresponding to that found in. intact 
families, for example, usually about 0.5 for 1Q'; a strictly genetic ; 
hypothesis of polygenic transmission, by contrast, would predict — 
correlations corresponding to the average proportion of shared - 
genes, that is, 0.5 for full siblings, 0.25 for half-siblings, and 0.0 
for unrelated individuals. These two hypotheses are extremes, 
and intermediate results would indicate the presence of both 
environmental and genetic influences. 

The most fundamental assumption of an adoption study is 
that genetic and familial environmental factors are independent 
of each other in adoptees. We have no evidence to the contrary 
in the present study. The genetically related adoptee sibling 
pairs (FA, MA and PA) were reared in familial environments 
which, as measured by paternal income and social class, were 















uncorrelated (see Table 1); correspondingly, the absence of a 


correlation in social class between the biological fathers of the 
unrelated pairs (UT) fails to suggest that the pair members are 

The intraclass correlations (6) for height, BPP and EL for 
each of the five groups, and for the two half-sibling groups 
combined, are shown in Table 2. We included height on the 
expectation that, whatever relationships emer; : 
EL, this variable would show a clear p 
Although some genetic influence is- 
anomalous that the correlation for the 
albeit non-significantly, above that for the 
for the PA group should be effectively ; ; 
be attributed to the small group sizes and necessitates cz 



















ent, it appears 














` in interpreting our other findings. = =~ whe 
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Table 1 Means and intraclass correlations (Â) for adoptive and biological fathers’ income and social class 





Annual income (<1,000 kroner) Social class 








No. of No. of | 
- Adoptive fathers pairs Mean MS, MS, p pairs Mean MS, MS p 


wW 


Full sibs apart (FA) 25 5.587 7.611 11.014 —0.22 27 2.37 2.523 2.704 -0.07 
Maternal half-sibs apart (MA) 32 4.524 6.397 5.377 0.05 32 2.41 2.788 1.781 0.19 
Paternal half-sibs apart (PA) 26 5.073 7.361 7.980 0.08 29 2.62 2.523 3.690 ~().22 

Half-siblings apart (MA and PA) 58 4.770 6.860 6.544 0.01 61 2.51 2.642 2.689 —0.03 

Unrelated reared together (UT) 22 7.202 24 4.21 

Biological fathers 
Unrelated reared together 15 1.33 1.405 1,933 —0.23 


class environments. 





The correlations for the BPP form a pattern conforming _ likelihood''-'*. In a restricted model, the total variance consists 
closely to the proposed genetic hypothesis. There are no reported of genetic variance, G, and environmental variance, E. For each 
studies of separately-reared adult full or half- siblings with which sibling pair type, total variation (ø?) is partitioned into ‘within’ 
these results may be compared, but the only previous study of and ‘between’ components: of =g}, +0}. The expectations for 
genetically unrelated adults reared together has also reported a these components may be derived in terms of additive genetic — 
negligible correlati 03)°. 

_ Studies of ado; 






‘en have usually shown a lesser family environment, E, (ref. 11), Expected values for the obser- 
‘nce, and a correspondingly stronger ved mean squares may be readily obtained as E(MS,,) = aż and 
amilial et influence, on intelligence’; perhaps both  E(MS,)=02,+20% for sibships of 
_ vary with age. In particular, one might expect that not all genetic expected values. Assumptions in the | 
effects would yet be manifested by the still-developing brain of environment interaction, (2) no 
a child”. oh ee ance, (3) G=1/2 Dg, and (4). 
The correlations for educational level inthe FA, MA and PA for all types of sibship. We 
groups suggest a lesser degree of genetic influence on this (1) in these sibships. Assump 
variable and, conversely, the correlation for the UT group the homogeneity of the- 
demonstrates ar milial environmental effect. The latter (height F,,,..(4, 56) = 1.3; 
correlation ma nfluences on scholastic aspirations and Frmax(5, 64) = 1.59, NS; EL 
diligence. The high correlation for the FT group could thus be the goodness of fit of the m 
a result of the additive effect of both genetic and familial also be tested by the equalit 
environmental influences. — siblings reared together and 
Although the intraclass correlation remains a familiar statistic, reared apart (BPP F,,,,(2, 16 
it yields less information. the direct consideration of the 1.10, NS). ae oe 
within- and between-group n res, MS, and MS, respec- ~ For all three variables the model provide: 
tively, from which it is de have therefore also fitted with additive genetic variance significant 
biometrical genetic models to and MS,, using maximum 








































t aclass correlations (f) for siblings’ height, intelligence (BPP) and educational level (EL) 


Heig 






257.50 85.16 0.474 
122.57  9L71 0AP 36 2. 
154,53 77.97 0.30" 4.13 4:446 
139.02 85.27 0.22* 3.88 
157.22 138.88 0.02 4.96 
228.87 70.45 0.528 4.95 





Full sibs apart : 
Maternal half-sibs aj 
Paternal half-sibs apa: 

Half-sibs apart i 

Unrelated reared togethe SUR 

Full sibs reared together =- —- 


















— Being an estimate of a ratio of variances, a negative intraclass correlation is not meaningful. The negative values in the table are those obtained = 
© from the unbiased estimator (see Table 1), and the best estimate in the range would be 6 =0. The PA and MA & PA values for height are based. 
on 29 and 63 pairs, respectively. Height was not recorded for one of the adoptees in the PA group; ô is not calculated for the FT group because 
of the range restriction—all individuals were = 184 cm. ANOVA for the four adoptee groups (FA, MA, PA and UT) yielded F(3,228)= 4.32, P< 0.006... 
for EL, and a multiple range test (Newman-Keuls, a = 0.05) shows UT> FA, UT> MA and UT> PA. For BPP the overall comparison is not) 
_. significant, F(3,228) = 2.22, P> 0.09, but an a priori comparison shows that the UT group is higher than the FA, MA and PA groups combined: ee 

















a 


Full sibs apart MS, 1/4 


I l 

MS, 3/4 l i 
Maternal half-sibs apart MS, 3/8 | l 
MS,, 5/8 | l 

Paternal half-sibs apart MS,, 3/8 I I 
MS, 5/8 1 1 

Unrelated reared together MS, 1/2 l 0 
MS, 1/2 I 2 

Full sibs reared together MS, 1/4 l 0 
MS, 3/4 i 2 





Dg, Additive genetic variance; E,, within-family environmental vari- 
ance; E,, between-family environmental variance. 


Table 4 Biometrical genetic models 








| Model fit 
_ Estimate +s.e. z d.f. ye P 
$3,349 21,73 2.45* 
7.321 + 12.49 0.59 
3.259 + 7.62 0.43 5 5.2857 0.3820 
So Dee 256.20 + 66.23 3.87% 
3 Je] E 3.95 + 19.97 0.20 | 
o Bs 615+ 15.99 0.38 7 46248 0.7056 
Da 4.162 1.818 2.29" 
4 0.324 + 0.537 0.60 
OE 1.655 + 0.478 3.46¢ 7 7.8416 0.3468 


*P<0,05; + P<0.001. 


only. Biometrical genetic modelling allows estimates of the 
effects of dominance deviation and assortative mating'®''*; 
the results of the goodness- of-fit tests imply non-significance for 
both parameters in these data. 

Some degree of familial environmental effect on intelligence 
and educational level can be detected in the means of the four 
adoptee groups. The adoptees in the UT group were reared in 
homes that were significantly wealthier and of a higher social 
class than those in the other three adoptee groups (see Table 
1). Parents adopting more than one child were better situated 
than adoptive parents in general; this has elevated the in- 
telligence and educational level of their adoptive children. Com- 
pared with the FA, MA and PA groups, the UT group adoptees 
have a significantly higher BPP and EL, the latter effect being 
more marked than the former (see Table 2). The mean differences 
in EL and BPP between the adoptees taken together (FA, MA, 
PA and UT) and the non-adopted siblings (FT) are not easily 
interpreted as either or both groups may deviate from the general 
population, and genetic or environmental differences may be 
involved. 

The correlation between BPP and EL is 0.65 for all adoptees 
and 0.71 for the non-adopted siblings; this replicates the strong 
relationship usually found between intelligence and educ 
level'?. These two variables are generally thought to 
with each other. As our findings suggest stronger genetis 









er, the effects of familial environment on educational level 
- stronger than the effects on intelligence. Therefore, the 
‘of familial environment on intelligence might be the 
indirect result of a direct influence of education itself on intel- 


_ ligence. In view of the comparatively small sample sizes used _ 


in the present study, and the (perhaps consequent) paradoxical 
-findings for height, this interpretation must only be tentative. 
We thank Drs S. S. Kety, D. Rosenthal, P. H; Wender and 


F. Schulsingrs for pemmusion:t to use the adoption register, and aS 








ional 


oy nae ‘scenes, d detty the induced effect because it 
would then be difficult to compute the correct d and g from 
. the conflicting information’. 


ai educational level are ' indirect and po ate 
rough. genetic effects on intelligence. Conversely, f 


f binocular fusion of a pair of comput IAG 
volution x-y Simay (Hente Eiaa 19328), that formed 
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If the image received by one eye is vertically magnified by a small 
amount then an illusory tilt is perceived around the vertical axis 
through the fixation point. This is known as the induced effect’ and 
it can be explained by a recent computational theory of binocular 
vision? which treats it as a side-effect of the use of vertical 
disparities to recover information about the distance to the fixation 
point and the angle of gaze. We have investigated the consequences 
of introducing vertical magnifications of some parts of a scene and 
not others and report here tha there is a simple linear relationship 


magnification. This suggests that a ‘pooling strategy is adopted i ine 
the measurement of vertical disparities, a result which fits in well ~ 
with expectations of the theory. 

The computational theory of binocular vision’, which 
demonstrates how vertical disparities can be used to discover the 
distance to the fixation point (d) and the angle of gaze (g) with 
which the fixation point is being viewed, is introduced in ref. 5. 
One prediction of the theory is that vertical disparities produced 
by a monocular vertical magnification will lead the system to 
compute an incorrect angle of gaze”. Since this inappropriate 


value of g is then used to scale the horizontal disparities an 












erroneous left/right tilt of the entire field of view will result. This 





explanation of the induced ies will be called the ‘d/g 


would not arise in aout viewing 











Alternatively, since the vertical 

disparities observed in normal vie | 

perhaps difficult to measure a 

adopt a pooling strategy that would be 

relationship between the cade magnificatio 

the induced effect created. se 
The experimental stimulus. was an g 
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Fig. 1 Relationship between the size of the induced effect and 
the percentage of dots adjusted in position by a 4% monocular 
vertical magnification, Diagrams below the abscissa show the 
spatial distribution of dots whose positions were adjusted by 0% 
and 4% vertical magnifications. For the purposes of this graph 
(but not for the statistical analyses) each subject’s mean setting for 
the 0% condition, which measured his subjective fronto-parallel 
plane, was subtracted from all points so that the plots illustrate 
directly the size of the induced effects. Solid triangles show means 
for the conditions where. the four innermost dot positions were 
magnified (top row of diagrams): open triangles show means for 
conditions where the four innermost dot positions were unaltered 
(bottom row). The vertical bar on the right of the figure shows the 
mean standard error, — 
Methods: The dots had diameters of ~2.6 arc min, luminance of 
~1!3.1cedm™! and could be positioned to an accuracy of +0.2 arc 
min. They were arranged in a regular lattice except that the position 
of each dot was randomly dis -by up to +8.5 arc min in both 
the x and y axis to avoid -€ ctable shape cues associated 
with the various stimulus he overall size of the array 
| was 7.2 X al angle. 










the left and right fields of a Wheatstone stereoscope. Induced 


effects were created by altering the positions of selected dots in 
the right field. This simulates the effect of a meridional size lens, 
and gives a monocular magnification of the vertical 
of dots from the horizontal meridian throughythe fixa 
Measurement of the induced effect was by Tiny 
which cancelled the induced effect wit 





` called the ‘geometric e 
around the vertical axi 










- opposite direction, and is 
by only one eye is horizon- 
t. This illusion was produced 
dional size lens with its axis 


in rest. He saw about 
-1 for details), 









maena ee rr 





latter is also an illusory tilt whether locall: 
and g are averaged or whether vertical disparity. 
pooled before the computation of d and g. Whatever 

_ ticular scheme adopted by the human visual system, t 
reported here suggests that an orderly pooling of vertic 
parity information does occur. Í 
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informed of the source of the tilt they saw at any one time, 
whether it was induced effect, geometric effect ora mixture o 
the two. Their task was to press a pair of buttons until the arra 
of dots appeared to lie in a fronto-parallel plane through th 
fixation point. A press on one button increased the nulling 
horizontal magnification by 0.5%, the other decreased it by 
0.5%. Subjects were allowed to track to and fro over their null 
region before deciding on a setting, but training sessions ensured 
that they were able to make each setting within ~15 s. 

Six subjects were used, each providing 10 settings per condi- 
tion but with the largest and smallest eliminated to reduce. 
experimental noise. Each block of 10 settings required. about. 
3-5 min and to reduce fatigue successive blocks were separated 
by breaks of ~5 min during which subjects left the experimental 
room. A fuller account of the experimental design will be pre- 
sented elsewhere®. aA 

All eight experimental stimuli are shown schematically below. 
the abscissa in Fig. 1, where Os and 4s indicate dots whose. 
positions were adjusted by 0% and 4% magnification respec 
tively. These ‘mixed magnification’ stimuli comprised tw 
groups, distinguished by whether the vertical projections of th 
inner four dots of the array were 4% magnified or left unaltered 
The two types permitted a preliminary exploration of the import 


domly selected within the range +4.5%. Subjects were not 


ance of the distribution of magnified points. : 

The results shown in Fig. | indicate that the induced effect 
created with uniform 4% vertical magnification was nulled by 
an opposing horizontal magnification of almost exactly equal- 
size. This result replicates a well attested result regarding the 
relationship between induced and geometric effects! and sug- 
gests that the novel technique used here to measure the induced. 
effect was satisfactory. The two types of mixed magnification. 
stimuli did not produce significantly different tilts (F[1,5]= 
1.258, not significant), nor was there a significant interactior 
between that factor and the percentage of magnified point: 
(F[2, 10] = 3.036, not significant). On the other hand, ther 
tude of the induced effect increased with the percenta 
magnified points (F[4, 20]= 13.63, P<0.0001), with 
analysis incorporating data pooled over the two types of : 
magnification stimuli showing only the linear trend 
significant (F[1,20]=91.916, P<0.0001); slope of 
regression = 0.924). | o 

This simple linear relationship suggests that the size of 





induced effect is determined by the ‘average vertical magn 
tion’ and implies that vertical disparity information from di 
ent parts of the field of view is pooled. The similarity betw 
the two types of mixed magnification stimuli indicates th 
is no significant difference in weighting between relati 
tral regions and peripheral ones. Pooling fits in well 
d/g hypothesis because viewing system parameters are intr 
cally whole-field in character: as only one d and one g cane 
at any one time, it makes sense to pool information about ther 
particularly if that information is delivered by vertical disparities — 
which are inevitably small. The fact that vertical disparities are 
scaled by retinal eccentricity but unaffected by local variations 
in depth? would-be compatible with a pooling mechanism that 

f relatively large areas. SS 
whichvertical disparity informa- 
vided into two broad 
-omputed values of d- 
information is 
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distinguished by whether locally 
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- Neurofilaments (NFs) consist of three protein subunits with 
apparent molecular weights of 68,000 (68K), 145K and 200K, 
which are found closely associated in most but not all locations 
in the nervous system“. One of these exceptions is the inner 
retina of the mouse, where antibodies to 145K NFs label large 
ganglion cells throughout the extent of the cells, while antibodies 
_ to 200K NFs label only more distal portions of the optic axons 
but usually fail to label the ganglion cell somata and proximal 
_ axons™®. Very rarely, however, and more often in old mice, | anti- 
200K NF antibodies do label a ganglion cell completely’. To 
determine whether these rare, completely labelled celis reflect a 
pathological alteration, we cut the optic axons, and report here 
that after a few days some of the axotomized cells could be labelled 
completely, in a Golgi-like fashion, by anti-200K NF antibodies. 
‘hese cells seem to represent the population that forms the projec- 
‘tion to the bulk of the lateral geniculate nucleus, as suggested by 
their size, distribution and projection pattern. Hence, antibodies 
o the heavy NF subunit in combination with lesions may allow 
selective retrograde tracing of a subpopulation of ganglion cells, 
and such antibodies can be used to detect damage in NF-rich 
“neurones at a very early stage, long before they eventually 
degenerate. 
= Neurones respond to axonal injury with the retrograde cell 
















-- reaction—chromatolysis and displacement of the nucleus— 
_. which may be followed by recovery, or, for centrally projecting 
` neurones in mammals, often by degeneration of the entire cell’. 
_” Lesions of optic axons cause retrograde degeneration of retinal 
ganglion cells in mammals, which in adults is a rather slow 
process that may take months to years”’'°. The change in affinity 
‘to NF antibodies in response to axotomy described here for the 
-retina represents another feature of the retrograde reaction that 
-is pronounced only in the largest ganglion cells. A similar 
abnormal neurofilament labelling has been observed in lesioned 
peripherally projecting neurones, where it was attributed to 
-neurofibrillar hypertrophy''. The abnormality in the retina, 
however, reflects primarily an antigenic change rather than an 
. increase in neurofilaments. 

The binocular visual field in the mouse is largely located 
- above the head, and is seen by the lower temporal retina. Some 
of the ganglion cells in this retinal region project to the brain 
on the same side, where they join the projection from the 
_ opposite eye, a convergence that forms the substrate for 
binocular vision'*. Thus, when the optic tract on one side is 
_ lesioned, the effect of spine can be comparen with the normal 

















-from the optic disk ror ni ły. mited distance; gang id cell 
somata and proximal; stretches of axons remain invisible. 
contrast, in the lesioned cells in the lower temporal retina (Fi 
a) the reaction” 
axons, cell somata and dendrites, as also seen at higher power ` 
in Fig. 2. The labelled cell bodies were large (17.2 + 1.8 pm mean 
diameter, n = 207), rather regularly spaced, and were probably 
identical to the large, NF-rich ganglion cells seen in normal 
‘mouse retina using methods that detect NF subunits of lower 
cular weight®'*-'*. Camera lucida drawings of all labelled 
cells ipsilateral to the optic tract lesion (Fig. 3a) showed 
cells (312414, n= 6), representing about one-third 
poitaterally projecting cells in the mouse!” 7 






























ith the antibodies extends to the proximal: 2? 





Fig. 1 Whole-mount of mouse retina showing effect of axotomy. 
A young adult C537BL/6J mouse was anaesthetized with Nembutal, 
and one optic tract was exposed and sectioned. After 10 days the 
mouse was perfused with paraformaldehyde and the retinas were 
reacted with an anti-200K NF antibody; here RT97 was applied’, 
which gave results similar to the anti-200K NF antibodies R3 (ref. 
5}, 06-17 (ref. 22), 4.3F9 and 2.2F3 (ref. 23) used in other pre- 
parations. Antibody binding was visualized with a fluorescein 
isothiocyanate-labelled secondary antibody (Boehringer- 
Mannheim). Shown here are sectors from the retina ipsilateral to 
the optic tract lesion. a Includes part of the retinal representation 
of the binocular visual field which sends a projection to the ipsi- 
lateral side of the brain. 6, Retinal sector corresponding to the 
monocular field represented only in the contralateral brain; hence 
the ganglion cells here were not affected by the optic tract lesion. 
The position of the optic disk, just above the upper margin in both 
views, can be inferred from the converging optic axons; the ciliary 
edge of the retina is visible in the lower corners of the figure. The 
textured background of the entire retina is due to labelling of the 
NF-rich axonless horizontal cells in the outer retina”. Note that 
in the unaffected retinal sector {b} the labelling of optic axons 
increases in intensity towards the optic disk, and even the longest 
axon segments visible cannot be traced much further than about 
half-way through the extent of the retina. In the sector containing 
axotomized ganglion cells (a), however, some optic axons can be 
followed all the way to their cell bodies, which are barely visible 
at this magnification in the peripheral retina. The increasing affinity 
of anti-200K NF antibodies for more distal portions of axons in 
normal conditions is further illustrated by the fibre indicated by 
an arrow in b: for this fibre the segment in the retina was the distal 
portion of the axon; it entered the retina through the optic disk 
and gave off branches on its course, a characteristic of efferent 
fibres (called efferent with respect to the brain”). It is unknown 
where the cell bodies of such efferent fibres in the mouse are 
located. Scale bar 500 pm. 


In contrast to the limited retinal region giving rise to the 
ipsilateral retinofugal projection, contralaterally projecting 
ganglion cells are known to originate from the entire retina, and 
to outnumber the ipsilateral projection by about 60 to I in the 
induction of optic tract lesions, however, the 
; at assumed Golgi-like affinity to 200K NF 
aod in the retina contralateral to the lesion formed a small 
subpopulation: about 1,0 ells were labelled, representing 
~2% of the contralateral projection. The labelled cells were 
- large and regularly distributed throughout the retina except for 
the lower temporal region which consistently contained only a 
scattered few labelled cells; this sparsely labelled region corres 
ponded to the ipsilaterally projecting region in the other retina © 
(Fig. 3b). Hence, a lesion of optic axons caused abnormal affinity — 
for anti-200K NF antibodies in a subpopulation of ganglion 
cells which cover the retina more or less evenly and which ha 
a line of decussation in their p ctions to one | or the other 
side-of the brain. ce x 
Such ae pattern. of projections is ompatible with retinal inputs 
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Fig. 2 Ganglion cells in retina ipsilateral to an optic tract lesion 
made 15 days previously, labelled for 200K neurofilaments with 
RT 97 (ref. 21). These cells were the largest ganglion cells and 
formed about one-third of the entire ipsilateral projection’? 

Arrows indicate neurofilamentous clubs? that may represent the 
axons of some of the smaller axotomized ganglion cells. Such 
neurofilamentous clubs appeared a few days after the optic tract 
lesion and increased in frequency with time. They are also visible 

as bright specks in Fig. la. Scale bar, 100 ym. 





Fig. 4 Identification of ganglion cells project- a 
ing to the geniculate, using horseradish peroxi- 

dase (HRP) injections. Mice were anaesthetized 

with Nembutal, and visual responses were 
recorded from the lateral geniculate nucleus, 
using standard electrapitysiological techniques 
with KCI-filled glass pipettes”. When a desired 
location. within the geniculate was identified, 

the electrolyte was exchanged in situ against a T 
solution of HRP, a tiny amount of which was 
then ejected electrophoretically. After 2 days 

the mice were perfused and the brains and 
retinas reacted for HRP. a, Camera lucida 
tracings of retinal whole-mounts showing posi- 
tions of ganglion cells back-filled with HRP 
from a location in the lateral geniculate nucleus 
representing the upper binocular field of vision. 


b, Coronal section through the geniculate, reacted for HRP and counterstained with cresyl violet; the. injection, site is indicated by he lane 
arrow, the geniculate borders by small arrows; scale bar, 200 um. The labelled cells were from the largest. population: 17.9 um mean diamete 
» (n= §3) ipsilateral to the injection and 15.6 um (n= 176) contralaterally, and they were regularly spaced with 
numbers in the two retinas. All injections into the main body of the lateral geniculate resulted in similar 
possible that a population of smaller ganglion cells project to the outer shell of this nucleus. Compar: 











superficial ay 
a sparse i 
geniculate nucleus” 





judged from physiological teod uas Each tectum contains a | : 


map of the entire contralateral retina, and the ipsilateral eye 
influence is very sparse'*’’®. The visual field representation in 
cortex, however, does not includ the ipsilateral field (except 
for some infringement at the midline), and within the binocular 
field the influence of the ipsilateral eye is comparable with that 
of the contralateral ale | wever, son fare physiological 








the ganglion cells Broich 
radish peroxidase (HRP) 
fined to the main part of 
of largest ganglion cells 






and spacing were labelled i in 1 both eyes ae 4), In spacing, cell 
size and comparable bilateral distributions, the projections to 
the geniculate were indistinguishable from the cells that 
expressed the NF abnormality following optic tract lesions. This 
makes it likely that the line of decussation in the projections of 
the NF-rich ganglion cells is the anatomical substrate that 
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segments were still extended, indicating t 
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V 
Fig. 3 Camera lucida tracings of ganglion cells labelled by anti- 
200K NF antibodies after optic tract section 6 days previously, 
Ipsilateral to the lesion (a) the labelled ganglion cells were regularly 
spaced within a crescent-shaped area in the ventral and temporal 
retina. The inner border of this crescent corresponds to the zero 
vertical meridian of the visual field'*, Contralateral to the lesion 
(b) the bulk of the labelled cells were located in the shaded area. 
Their number could only be estimated (~ 1,000) because in more 
central retinal regions they were frequently obscured by heavily 
labelled bundles of optic axons. A crescent-shaped area cortes- 
ponding to the ipsilateral projection was largely free of labelled 
ganglion cell bodies except for a scattered few. This region did, 
however, contain neurofilamentous clubs like those described in 
Fig. 2. V, ventral; D, dorsal: N, nasal; T, temporal. 


Contralateral b 






parable density and 
ing patterns, but it T 
ctions into the most... 


of the superior colliculus label tight clusters of small ganglion cells, and deeper regions of the visual collicular layers receive i 
divergent input from large ganglion cells, which may be a collateral projection from. the same cells that: supply the lateral . be 





accounts for the physiologically observed absence of ipsilateral ae 
field representation in visual cortex. 7 E 
The time lapse to the appearance it in the cell bodies of the 
antigenic change in response to lesions depended on the distance 
of the axotomy from the eye; it took about 6 days following 
optic tract lesions, and about 3 “ay eae optic nerve cuts, 








a few cell bodies were e still labelled, but the labelled axon 
nat.the cells had: prob- 
ably not degenerated yet but were undergoing some. TEN 
recovery. 
Here we have shown that antibodies to the je N 
which normally fail to label proximal neuronal regions, di 
following lesions of the axons. The inability to label proxiiial 
cells normally may reflect the absence of the heavy NF subunit 
from this location, or, more likely, an affinity of the antibodies 
for a modified site that is slowly created as the neurofilaments” 
are transported down the axon. The latter explanation was 
suggested by the Sternbergers, who showed that several anti- 3 
200K NF antibodies are directed against panei ites: 
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- not present in cell bodies”’. Thus, one possible explanation is 
that the pathological changes observed here indicate atopic 
phosphorylation of neurofilaments in response to injury. 
We thank Drs V. Lee, L. Sternberger and J. Wood for gifts 
of anti-NF antibodies, and S. Cinsavich and S. Hardy for tech- 
nical assistance. This work was supported by NIH grant 
EY 01938, a Milton fund grant and a fellowship from the 
Deutsche Forschungsgemeinschaft. 
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Mammalian cells selected for resistance to certain cytotoxic drugs 
frequently develop cross-resistance to a broad spectrum of other 
drugs unrelated in structure to the original selective agent’, This 
_ phenomenon constitutes a major problem in cancer chemotherapy. 
Multi-drug resistance arises from decreased intracellular drug 
accumulation’, apparently due to an alteration of the plasma 
membrane?” ”. The observation of double minute chromosomes 
or homogeneously staining regions in some of the multi-drug- 
resistant cell lines*"'? suggests that gene amplification underlies 
this phenomenon. We have used the technique of DNA renaturati 

in agarose gels’? to detect, compare and clone amplified DT 
sequences in Adriamycin- and colchicine-resistant sub 
Chinese hamster cells™?. We show that both Adriamycin 
colchicine-re: cells contain amplified DNA fragments, so 
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wth in the absence of drugs correlates with the loss of amplified 


E DNA. These results strongly suggest that the DNA sequences 


_ which are amplified in common in multi-drug-resistant cell lines 


i “include the gene(s) responsible for.a common mechanism of multi- 
g resistance in these cells. We have cloned one of the commonly 











amplified DNA fragments and show that the degree of amplifica- 
‘tion of this fragment in the cells correlates with the degree of 


Le - their drug resistance. 





on 





co-amplified together with the 
of the commonly amplified sequences in different independently 
_ derived cell lines by the above procedure allows one to delineate 


mplified in both of these independently derived cell 
wpeon the region which is likely to contain the gene of interest. 


rmore, loss of the multi-drug resistance phenotype on- 
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Table i Multi-drug resistance and 1.1-kb fragment amplification in 






Degree of 
L.1-kb 
fragment - 
amplification 





Relative resistance to: 
Cell line Adriamycin Colcemid 
V79 I I 
5 7 $ 
LZ 3,000 436 60 
LZ revertant 7 10 
CHO Aux B! 1. l l 
cs 150 280 20 





Isolation and characterization of the Adriamycin-resistant sublines 
of V79 cells, 77A and LZ, have been described previously'?-*?, Cell lines 
CHO Aux BI and C5 (ref. 3) were gifts from Dr V. Ling (University of 
Toronto). LZ revertant cells were obtained by growing LZ cells for 130 
cumulative doublings in the absence of drug selection'’. The degree of 
drug resistance of C5 celis was determined as described**. The degree 
of amplification of the 1.1-kb fragment I in different cell lines was 
determined from Southern blots (Fig. 2a) and from slot-blots (Fig. 25) 
by cutting out and counting the bands of *’P-labelled DNA. 


The Chinese hamster cell lines used here are listed in Table .. 
1. LZ, a highly Adriamycin-resistant subline of V79 cells, was 
obtained from a weakly resistant line 77A by multistep selection 
with increasing concentrations of Adriamycin’. The 3,000-fold 
degree of Adriamycin resistance in the LZ line is unstable, as 
LZ cells revert to an ~7-fold degree of Adriamycin resistance 
after prolonged growth in the absence of the drug’. In addition 
to Adriamycin, LZ cells are cross-resistant to several other drugs, 
including colcemid, a close analogue of colchicine'*. C5, an 
independently derived subline of CHO cells selected for resist- 
ance to colchicine, is also resistant to multiple cytotoxic drugs’. 
LZ cells are relatively more resistant to Adriamycin than to 
colcemid (Table 1), whereas C5 cells are more resistant to 
colcemid than to Adriamycin. Indeed, it has been frequently 
observed that multi-drug-resistant cell lines are relatively more 
resistant to the drug used for their selection'”*'°. Such specific- 
ity suggests that while a common genetic alteration may have 
led to multi-drug resistance in different cases, additional genetic 
events may have further modified the pattern of drug resistance | 
in different lines. 7 x 

DNA from different cell lines was digested with BamHI, and“ 
a portion of each DNA preparation (tracer DNA) was 2p. 
labelled with T4 DNA polymerase’’. Tracer DNA was mixed 
with an excess of unlabelled (driver) DNA and electrophoresed 
in an agarose gel. Following electrophoresis, DNA in the gel 
was subjected to two cycles of denaturation, renaturation and 
in situ digestion with S, nuclease to enhance selectively the 
signal from reiterated DNA fragments'*. When both tracer and 
driver DNA derive from the same DNA preparation, this treat- 
ment produces a series of bands corresponding to the BamHI 
restriction fragments that are reiterated at least 15-30 times per 


haploid mammalian genome. When tracer and driver DNA are 














DNA preparations, only those DNA fragments 
re reiterated both in the tracer and in the driver are 
sted'>. As the amplified chromosomal domains are known 
contain varying amounts of flanking sequences that have been 
vith the essential gene'*'°, identification 





Figure 1 shows the results of experiments in which DNA was 
electrophoresed and then subjected to the treatment describe 


above in either a 1% (Fig. la-l, u-x) or 0.7% (Fig. 1m-t) 


agarose gel. Several bands corresponding to repeated BamHI» 
fragments of hamster DNA are observed in the digest of parent: 
V79 DNA (Fig. la, m, u). DNA from the weakly resistant line: 


77A (Fig. 1b, n) gives a pattern which is indistinguishable from ae 
that of V79. However, in the digest of LZ DNA (Fig. 1a 0o, 0} > 
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Fig. 1 Identification of amplified DNA fragments by in-gel DNA renaturation. Lanes a-i, v-x: 1% agarose gel; lanes m—u: 0.7% agarose. 
Each lane contains BamHI digests of the following DNA samples: a, m, u, V79 (tracer and driver); b, n, 77A (tracer and driver): c o, v, LZ 
(tracer and driver): d: p. CHO Aux BI (tracer and driver); e, q, C5 {tracer and driver); f, LZ (tracer), V79 (driver); g, y, hiLZ (tracer), TIA 
(driver); A, 77A (tracer), LZ (driver): i, r, LZ (tracer), C5 (driver): A s, CS (tracer), LZ (driver): k, CS (tracer), CHO Aux BI (criver): w, LZ 
revertant (tracer and. driver). -Hind fragments of A phage DNA (i t x) and Hincll fragments of DX174 RF DNA were used as size ene 
(l, 4, x). Amplified DNA fragments are indicated by arrowheads. A subset of DNA fragments amplified in both LZ and C5 cells (A-I) are 
marked by arrows. Small arrows indicate the differences between the V79 and CHO DNA patterns (a, d, m, p). Several bands at the top of 
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lanes m—t are missing because | of gel breakage in this experiment. 
Methods: DNAs from th 
tracer DNA was lat 
nucleotides were excisi 
gel. After electrophore 
renaturation and Syn 
0.9 M NaCl, 0.5m 
digestion was done in 2 
Each lane was loaded wi 

















lof digestion buffer’? 








a large number of additional bands can be detected, indicating 
the presence of amplified DNA in these highly drug-resistant 
cells. These bands were undetectable when V79 or 77A DNA 
was used either as a tracer or as a driver in hybridization with 
LZ DNA (Fig. Lf g, h). The sizes of the amplified DNA frag- 
ments in the LZ DNA are ~150 kilobases (kb) in total, which 
should be considered the minimum estimate for the size of the 
amplified chromosomal domain in LZ cells (assuming that all 
of the amplified fragments are contiguous in the genome). In 
contrast, the amplified fragments were not detected in the DNA 
of the LZ cells that have reverted to a low degree of drug 
resistance after prolong 
(Fig. Iw). The loss of the amplified DNA fragments thus oc- 
curred concurrently with the loss of drug resistance in these 
cells, strongly suggesting that amplification of these DNA 
sequences underlies the drug resistance phenotype in LZ cells. 

Comparison of the in-gel maturation patterns produced by 
DNA from colchicine-resistant C5 cells (Fig. le, q) and from 
| parental CHO DNA (Fig. ld, p) reveals the presence of several 
mplified BamHI fragments in CS DNA; these fragments were 
not detected when CHO DNA was used as a driver (Fig. 1k). 
The amplified fragments in LZ and C5 DNA were compared 
in experiments in which LZ DNA was used as a tracer and CS 
DNA as a driver (Fig. li, r) and vice versa (Fig. 1), s); from the 
- results we identified nine fragments (A-I) of total size ~55 kb 
“that have been aplinedi in both LZ and C5 genomes. Amplifica- 










ed growth in the absence of Adriamycin . 


different cell lines were extracted by the procedure of Blin and Stafford’*, DNA was digested with BamHI and 
‘ith P using T4 DNA polymerase and [a-> P]dCTP (3,000 Ci mmoi”') in conditions where an average of ~100 
m each 3’ end in the exonuclease reaction before resynthesis"* 
el slab was cut to 28.5 x 16.3 cm, placed in a flat- bottomed plastic box a 
se digestion as described’? with the following modifications. The composition of the hybridization buffer was 
, 50% formamide, 0. o M Na-phosphate ( pH 7.0). The buffer volume used for washes. was 350 mi, and S, nuclease 
containing 20,000 units of S, nuclease, after five 15-min washes with the digestion buffer. 
ither 1.36 x 10° d.p.m. in 0.35 pg (a-k, m-t) or | 0x10 d.p.m. in 0.5 pg oa of tracer DNA and I5 yg of 
i unlabelled driver DNA. 


. DNA was separated in a 30,5 x 24 x0.4 cm agarose 
i subjected to two cycles of in-gel 





tion of the same DNA sequences in two cell lines that had been 
independently selected for resistance to different drugs strongly 
suggests a Common mechanism for multi-drug resistance in these 
two cell lines. The gene(s) responsible for this mechanism is 
probably contained in these commonly amplified DNA 
sequences. 

While the DNA fragments that are amplified in both LZ and 
C3 cells appear as a subset of strong bands in LZ DNA (Fig. 
ic, o), the corresponding bands in C5 DNA (Fig. le, q) are 
barely detectable against the background, On the other hand, 
the digest of CS DNA contains several strong bands of amplified 
DNA with a total size of ~70 kb, none of which is also amplified 
in LZ DNA. The result suggests that C5 DNA contains at least 





two different sets of amplified DNA. fragments, which may 


correspond to two different amplified chromosomal domains. 
The domain that overlaps with the amplified domain in LZ 
DNA is amplified weakly in C5 cells, while the other set which 
is unique to C5 DNA is amplified to a greater degree, The latter 
sequences may carry the gene(s) specifying an additional 
mechanism for drug resistance in C5 cells, possibly specific for 
cells selected for colchicine resistance. 

To address the nature of the gene(s) contained in amplified 
DNA, we have cloned one of the BamHI fragments that have 
been commonly amplified in LZ and C5 DNA (the 1.1-kb 
fragment I in Fig. 1). LZ DNA (100 ug) was digested with 
BamHI and separated in a 1% agarose gel. Positions of the 











Fig. 2 Southern blot (a) and slot-blot (b) hybridization of the 
plasmid pDRI.1 with genomic DNA. a, DNA was extracted from 
V79, 77A, LZ, LZ revertant, CHO Aux Bi and CS cells (lanes 1—6, 
respectively) and digested with BamHI. Positions of the size stan- 
dards are indicated. b, The source and amount (in pg) of DNA in 
each siot are indicated. 

Methods: a, Cellular DNA (5 pg) was digested with BamHI, elec- 
trophoresed in a 1% agarose gel and transferred to a nitrocellulose 
filter'®, then hybridized with 3x10’ d.p.m. of pDRI.I plasmid 
DNA (specific activity 2 x 10° d.p.m. yg") that was labelled with 
32P by nick-translation’’. Hybridization was done at 65 °C in 5x 
SSC, 2x Denhardt's, 0.1% SDS, 100 pg mi~' denatured salmon 
sperm DNA. After hybridization the filter was washed with 0.1 
SSC, 0.5% SDS at 65 °C and autoradiographed. b, DNA was bound 
to nitrocellulose filters as described'?. The blot was hybridized 
with 3 x 10’ d.p.m. of the pDRI.1 probe. Hybridization and wash- 

ing were as described for a. 


amplified fragments were established by in-gel renaturation”’ 
of the lanes containing **P-labelled V79 and LZ DNA digests 
separated in the same gel. A narrow strip of the gel containing 
fragment I was cut out and subjected to two cycles of denatur- 
ation and renaturation. S, nuclease was not used in this protocol 
so that the reannealed fragments would retain the cohesive ends 
generated by BamHI. The mixture of single-stranded and 
double-stranded DNA (the latter enriched in repeatec 

renaturation) was eluted from the gel and lig: 






















to the BamH 
DNA could be piasr 
were used to transform Escherichia coli HB101 (ref. 16), and 
plasmid DNA from the resulting ampicillin-resistant/tetracy- 
cline-sensitive colonies was analysed by mini-scale DNA extrac- 
tion!” and digestion with BamHI and HinfI. Of 35 samples of 
the recombinant plasmids, seven produced identical restriction 
patterns, indicating that the corresponding clones contained 
DNA inserts that were reiterated in the genome (data not shown). 
_DNA from one of these clones, designated pDRI-1, was used 
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saved pBR322 plasmid. Only double-stranded 
ligated at this step. The recombinant plasmids 


as a probe for Southern hybridization’? with. BamHI-digested : 
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of the amplified gene(s). 

The finding that gene amplification underlies the multi-drug 
resistance phenotype is of particular interest as this type of drug 
resistance does not result from overproduction of the drug 
targets’, which is the case in all the other known instances of 


drug resistance due to gene amplification?™®™”". The nature of the ~ 


protein(s) encoded by the amplified gene(s) is unknown, 


although the 170,000-molecular weight membrane glycoprotein 


and the 19,000-molecular weight cytosol protein that are 
frequently overproduced in multi-drug-resistant 
cells 2610222627 are likely candidates. Recently, we have iso- 
lated several phage clones containing the sequences of pDRI.1 
from a genomic library of LZ DNA (P. Gros and D.E.H., 
unpublished). These clones are being analysed for the presence 
of transcribed DNA sequences and for the ability to transfer 
multi-drug resistance via DNA transfection. Once the specific 
DNA segments containing the gene(s) responsible for multi-drug 
resistance are identified, they will be used to isolate the corres- 
ponding protein(s). Understanding the phenomenon of multi- 
drug resistance in tumour cells may help in the design of treat- 
ments that would be selectively cytotoxic for the resistant cells. 
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The thymus is the major, if not the sole site of maturation of T 
lymphocytes from their haematopoietic precursors’. During 
embryonic life (at a few well-defined intervals, at least in birds?) 
the thymus receives thymus-homing haematopoietic precursors that 
give rise to antigen-specific functional T lymphocytes*'’. Although 
the number and thymic location of distinct T-cell lineages destined 
to form the peripheral T-cell pool are not yet well defined, at least 
two independent pathways have been proposed. First, thymic sub- 
capsular lymphoblasts divide and differentiate to give rise to small 
deep cortical thymic lymphocytes, medullary lymphocytes''"? and 
thymus emigrants (1.W., unpublished data) and second, the medulla 
contains an independent self-renewing population that contains 
the precursors of the peripheral T-cell pool'’. Following irradiation 
the thymus may be repopulated by injected haematopoietic cells 
presumably related to the thymus-homing haematopoietic cells of 
the embryo'*'*. Here we have reconstituted irradiated mice with 
limiting numbers of bone marrow cells from Thy-1 congeneic 
donors and have found distinct clones of cells within the thymus. 
The pattern of reconstitution by the precursor cells indicates that 
two independent thymus lineages exist: cortex plus medulla, and 
medulla alone. 

While analysing thymic repopulation in allogeneic bone mar- 
row chimaeras we noted one chimaera'°—in which the 
allogeneic bone marrow cells differed from the host for both 
major histocompatibility complex (MHC) encoded antigens and 
Thy-1 type—that showed one lobe of the thymus entirely recon- 
stituted with donor type Thy-1 cells, whereas the other lobe was 
entirely reconstituted with host-type Thy-1 cells (Fig. 1). Wallis 
et al.” observed that in radiation chimaeras only a few chromo- 
somally-marked cells are needed to reconstitute an entire thymus 
and we were concerned that a selection process based on MHC 
allogenicity could have accounted for this remarkable reconsti- 
tution of two thymic lobes by two distinct stem cells. Therefore, 
we undertook a series of studies in which mixtures of bone 
marrow cells depleted of mature Thy-1* cells (by extensive 
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Fig. 1 Thymus from an irradiated (850 rad) C5S7BL/6H-2* (Thy- 
1.2) mouse | month post-reconstitution with 5 x 10° bone marrow 
cells (twice treated with anti-Thy-l1+complement) from a 
C57BL/KaThy-1.1 (H-2*) donor stained with a, anti-Thy-1.1 and 
b, anti-Thy-1.2. Immunoperoxidase stains of frozen sections” were 
performed with monoclonal rat anti-Thy-1!.2 (clone 30-H12, Bec- 
ton-Dickinson) and biotin conjugated monoclonal mouse anti-Thy- 
1.1 (clone 19xE5) (gift of R. Nowinski) followed by rabbit anti-rat 
and peroxidase conjugated swine anti-rabbit (Dako) or peroxidase 
conjugated avidin (Vector). The left lobe is virtually entirely 
repopulated by donor type cells and the right lobe is virtually 
entirely repopulated by host type cells. Only infrequent individual 
cells of the opposite type are seen in each lobe. 


anti-Thy-1 +complement treatment) were injected intravenously 
into lethally irradiated Thy-1 congeneic hosts. Mice were recon- 
stituted with bone marrow cells varying in the ratio of donor to 
host Thy-1 type from 1:10 to 1:100, and thymuses were taken 
from hosts 2-10 weeks post-irradiation. The patterns of thy- 
mocyte repopulation were examined immunohistochemically on 
frozen sections using monoclonal anti-Thy-1.1 and anti-Thy-1.2 
antibodies. 

We have examined 80 thymus lobes among which 35 con- 
tained either extremely rare or no donor cells. The following 
analysis is based on the 45 lobes containing significant repopula- 
tion by donor type cells. In 5 of these lobes, discrete confluent 
foci of the minority population in the bone marrow mixture (the 
donor type) were present and ranged in size from 20 to 30 cells 





Fig. 2. Thymus of an irradiated (850 rad) CS5S7BL/KaThy-1.1 mouse reconstituted with a mixture of anti-Thy-| +complement treated bone 
marrow cells from identical and congenic (C57BL/Ka, Thy-1.2) mice, total dose 2.5x10° cells, Thy-1.2:Thy-1.1 (1:50), 4 weeks after 
reconstitution and stained here with anti-Thy-1!.2 as described in Fig. 1. In this experiment and all others less than 1% of the remaining viable 
cells were Thy-1 positive. a, The left lobe contains a discrete confluent focus of donor type cells while the right lobe contains large numbers 
of donor type cells in the medulla with only very rare cells in the cortex. b, High-power view of cortex (top edge) and medulla (bottom) of 

right lobe, illustrating donor type (Thy-1!.2) cells only in medulla. ' 
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each (13 of 45 thymus lobes), generally present in both the outer 








Fig. 3 Thymus of same mouse strain and reconstituted with the 
same total number of cells as Fig. 2, but with a, Thy-1.2: Thy-1.1 = 
1:10, stained with anti-Thy-1.2 6 weeks after reconstitution and b, 
Thy-1.2: Thy-1.1 =1:100, stained with anti-Thy-1.2 28 days after 
reconstitution. In a focal repopulation with scattered individual 
cells can be seen (cortex in lower right is negative). Inset: high- 
power view of individual cells. b, Scattered clusters of cells. 


in diameter to areas of repopulation which occupied half a 
thymic lobe. Such foci always involved the subcapsular region, 
and larger foci extended to the cortico-medullary junction (Fig. 
2a); in such cases, donor type cells were always present in the 
underlying medulla. In 2 of 45 thymus lobes a striking repopula- 
tion was seen: a complete reconstitution of an entire thymic 
lobe by the minority repopulation of donor Thy-! type cells 
(1:10 ratio, 2.5 x 10° total cells transferred), with only infrequent 
scattered individual cells of the host Thy-1 type. This type of 
reconstitution is identical to that seen in the allochimaeric thy- 
mus shown in Fig. 1. The data in Figs | and 2 demonstrate that 
one or a few cells can reconstitute an entire thymic lobe. 

The most frequently observed pattern of donor type cells was 
that of focal accumulations of scattered cells present either 
individually (19 of 45 thymus lobes), or as a cluster of 2-5 cells 


and the deep cortex (Fig. 3); the medulla underlying areas of 
cortex containing these scattered cells also contained scattered 
donor type cells. We interpret these clusters and individual cells 
as representing the progeny of thymus homing cells of mo 
limited proliferation potential, and perhaps of greater frequen y? 
than the fully reconstitutive thymic repopulating cells. 

These various repopulation patterns could be seen as early 
as 13 days and as late as 10 weeks following irradiation and 
reconstitution. Thus we believe that we are seeing fundamental 
types of thymic reconstitution by incoming bone marrow cell 
types, and not a chance observation. 

While it is possible that reconstitution occurred from multiple 
Thy-1 identical precursors by Thy-1 specific recruitment, pre- 
liminary experiments using bone marrow cells expressing Lyt-1 
allotypic differentiation antigens also resulted in focal repopula- 
tions in three independent cases out of eight tested. We therefore 
conclude that these foci do not result from a Thy-|-allotype- 
specific congregation of cells but derive from single precursor 
cells. 

A striking and entirely unexpected type of reconstitution 
occurred in 6 of the 45 thymus lobes examined: donor type 
thymocytes were identified only in the medulla (Fig. 2a, lobe 


on the right, and Fig. 2b). Multiple levels cut through these ~» 


thymuses failed to demonstrate more than rare individual donor 
type thymocytes in the cortex. The donor type thymocytes com- 
prised 40-60% of medullary thymocytes, and were scattered 
individually without clustering or localization to any specific 
region of the medulla. Host type thymus lymphocytes, present 
in abundant numbers in the cortex of these thymus lobes, made 
up the remainder of medullary thymic lymphocytes. While it is 
conceivable that medullary reconstitution could derive from 
recirculating mature T cells, the presence of medullary reconsti- 
tution in only one of two lobes (Fig. 2a) is not consistent with 
this pattern. All six lobes which exhibited this pattern of medul- 
lary reconstitution were from mice which had received relatively 
low absolute numbers of donor type bone marrow cells (1:50 
ratio, 2.5 x 10° total cells transferred), and, like most thymuses, 
were examined 4 weeks after the transfer. Repopulation restric- 
ted to the medulla can be discerned only if there is no cortical 
repopulation in the same lobe by donor cells; its occurrence at 
higher doses of bone marrow cells may be obscured by concomi- 
tant cortical repopulations. 


These findings support the proposition that the medulla may a 


contain a separate lineage of cells which are capable of self- 
renewal over long intervals'*:'*'’. However, it is not possible 
to rule out their derivation from cortical precursors although 
such cortical precursors would have to be very transient and/or 
very infrequent. Thus, in addition to the previously described 
cortex to medulla pathways of development of medullary thy- 
mocytes'':'?, there could be a separate lineage of medullary cells 
which does not involve substantial contribution from cortical 
precursors in mice, Such a pathway has been reported in birds'®. 
It is not clear from these experiments if the cell which is capable 
of repopulating the medulla is different from the cell which is 
capable of repopulating the cortex to medulla pathway. 

The peripheral T-cell population represents the full diversity 
of antigen-specific and MHC-restricted cells in each functional 
subclass, and it is important to define the stage of thymic 
maturation at which such diversity is generated. We' and others'’ 
have postulated that this event could occur pre-thymically. 
However, experiments demonstrating oligoclonal repopulation 
of the thymus would seem to speak out against that possibility. 
However, most bone marrow chimaeras are created by the 
injection of 210° to 2x10” cells; by our calculations, these 


inocula would contain hundreds of clonogenic thymus-repopu~-}- 


lation cells. Whether the full diversity of the T-cell repertoire, 
as well as its commitment to different functional lines, could be 
realized pre-thymically even with a few hundred clones is still 
in question. 
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Accumulation of a heat shock-like 
protein during differentiation 
of human erythroid cell line K562 








Mandaleshwar K. Singh & John Yu 


Department of Molecular Biology, Research Institute of Scripps 
Clinic, La Jolla, California 92037, USA 
The human erythroid cell line K562 provides a model system for 
studying erythroid differentiation and eukaryotic gene regulation. 
These cells express glycophorin A, spectrin and i antigen’. They 
accumulate embryonic and fetal haemoglobins on induction of 
erythroid differentiation with haemin, sodium butyrate or 
hydroxyurea®®. In the present study, the protein composition of 
K562 cells during haemin-mediated induction of erythroid matur- 
ation was analysed by two-dimensional gel electrophoresis. Under 
conditions in which haemin did not affect cell viability and prolifer- 
ation’, a protein of ~70,000 molecular weight (MW) accumulated 
in the differentiated K562 cells. The accumulation appears to be 
.due to an increase in the rate of RNA synthesis for this protein. 
The protein is related uence to a 70,000-MW heat shock 
protein. An antigenically related protein was also demonstrated 
in human bone marrow and accumulates at particular stages of 




















human erythroid maturatio: 
before and after haen 
(Fig. 1). After 4 
mately 95% of 
The two-dime: 





tion and rates of protein synthesis 
duction of K562 cells were examined 
tion with 25 44M haemin, approxi- 
Ils stained positively with benzidine. 
: rophoretic analyses (Fig. 1) indicate 
that a 70,000-M n(s) (p70) accumulated in the haemin- 
induced sample (6), but not in the uninduced cells (a). Most 
other proteins were similar in both induced and uninduced cells. 
The similarity between isoelectric variants of p70 was demon- 
strated by two-dimensional peptide mapping analysis (data not 
shown). Figure Id, e also shows that when ‘cells were labelled 


with **S-methionine after induction with haemin, an enhanced © 
| used a cell-free system — 
d K562 cells to show that _ 
. dominant peptide product 

which was not detectable among the translation products of 
_ control mRNA from untreated cells (Fig. 2). Therefore, the © 


labelling of the p70 occurred. We also 
containing mRNA from haemin-treate. 
the p70 protein represented 






nduction of this protein seems to be due to an accumulation 
of its mRNA over other cellular mRNAs. a 

As some heat shock stress proteins have been recently assigned 
a developmental role*'®, the response of K562 cells to heat 
shock was investigated. Figure ic shows that after exposure to 
43 °C, K562 cells accumulated a series of 70,000- MW heat shock 
- protein(s). In addition to the similarity of molecular weight and 
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Chromosomal loci, are normally expressed duri 





appearance in a two-dimensional gel, the heat shock p70 and 
the haemin-induced p70 show similarity in sequence as deduced 
from their similar peptide mappings described in Fig. 3 and 
from the digestion patterns of the two **S—labelled proteins by 
Staphylococcus protease''. 

An antigenic similarity between haemin-induced p70 and 
HeLa cell heat shock p70 was discovered by using antiserum to 
the HeLa cell proteins (given by J. Nevins). Cell extracts from 
control and haemin-induced K562 cells were separated by SDS- 
polyacrylamide gel electrophoresis (PAGE) and the proteins 
electro-blotted to nitrocellulose paper'*. Using these blots, anti- 
serum against HeLa heat shock p70 reacted with 70,000-MW 
protein(s) from the K562 cells and these protein(s) were accumu- 
lated more than 10-fold in the induced cells compared with 
uninduced cells (Fig. 4c,d). The cross-reactive p70 in the 
haemin-induced K 562 constituted approximately 6% of the total 
Coomassie-stained proteins (Fig. 46). Given the immunological 
relatedness of haemin p70 to heat shock p70, we used a cDNA 
clone encoding the heat shock p70 in HeLa cells (a gift from J. 
Nevins) to assay the transcription rate of nascent RNA synthesis 
for its related protein. By using an in vitro nuclear transcription 





haemin p70 in the induced K562 cells. ou ke 
An antigenically cross-reactive protein was detected in 
extracts of human bone marrow, but not in mature erythrocytes | 
(see Fig. e, f). Specific immunoprecipitation of a 70,000-M W- 
protein(s) was found (Fig. 4g, h) when extracts of **$-labelled 
bone marrow cells were precipitated with the same antiserum 
against heat shock p70, but not with control serum. Furthermore, > 
when erythrocytes and late erythroblasts in bone marrow | 
samples were lysed by hypotonic shock'*, the 70,000-M W anti-. 
gen reactive with anti-heat shock p70 was found only in the 
lysate and not in the pellet. This indicates that thi Vi 
present only in these relatively mature and lysab throid 
celis. In addition, when bone marrow cells were fractiona din. 
a Percoll density gradient’*, the *"S-labelled p70 was presentin  _ 
the fraction, containing predominantly erythroblasts. Therefore, < 
human bone marrow cells, probably the late erythroblasts, have -> 
protein(s) of molecular weight 70,000 that cross-react with anti; => 
heat shock p70. 5 one ee 
As haemin-induced p70 accumulated in the differentiated. <; 
erythroblasts of both K562 and bone marrow, its induction in = = 
K562 cells may reflect a differentiation event, rather than being 
a general response to stress conditions. The inducer, haemin, is 
a normal cellular metabolite, important for normal regulation 
of protein synthesis and erythroid differentiation'®'’. The induce oo 
tion conditions applied did not affect cellular viability and = 
proliferation’, and other stress conditions such as glucose starva- 
tion did not induce accumulation of the protein in K562 cells 
(unpublished data). Furthermore, haemin induction of the p70 
exhibits tissue specificity, as incubation of HeLa cells. with 
haemin did not result in production of a similar protein (unpub- 
lished observation). Recently, other heat shock proteins have 
been found to have a developmental role. Heat shock proteins 


22 and 26 of Drosophila are differentially transcribed during 
normal development*. The exp ssion of four small heat shock - 
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terone hormone’. Moreover, several genes in Drosophila and = 





yeast, which are related to heat shock p70, but present at d nt 











but not induced by heat shock (the heat shock-< fo Fe 
The haemin-induced p70 protein may representa s ‘acti; ot 
vation of gene(s) ‘cognate’ to the heat shock genes during eryth- | 
roid maturation and independent of heat shock treatment. 
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Fig. 1 Protein composition of: a, 
control; b, haemin- and c, heatshock- ° 
induced K562 cells analysed by two- 

dimensional gel electrophoresis 
Arrows indicate the position of the 
70,000-MW protein(s) and circles 
indicate actin. d, e, Fluorographs of 
the two-dimensional gels from 
samples of *°S-labelled control and 
haemin-induced K562 cell, respec- 
tively. The cells were washed with 
Hank’s balanced salt solution and 
labelled for 30 min in methionine- 
free RPMI (Gibco) medium contain- 
ing 5% dialysed fetal calf serum and 
S0 uCimi™! °*°S-methionine. The 
fluorograph for haemin-induced 
cells was underexposed to show the 
enhanced synthesis of protein(s) 
indicated by arrows. Only those por- 
tions of the fluorographs with 
molecular weights larger than actin 
(indicated by circles} are shown. 

Methods: K562 cells were grown in 
minimum essential medium contain- 
ing 15% fetal calf serum and induced 
with 25 uM haemin for 40h. Heat 
shock treatment included incubation 
of K562 cells at 43°C for ih. The 
two-dimensional gel electrophoresis 
was done according to O'Farrell ë. 
Briefly, 10° cells were washed with 
phosphate-buffered saline (PBS) and 
solubilized in 250 ul of lysis buffer 
(9.5M urea, 2% Nonidet P-40, 4% 
pH 5-7 ampholine, 1% pH 3-10 
ampholine and 5% 2-mercap- 
toethanol) and 50-y1 aliquots were 
applied to isoelectric focusing (IEF) 


gel containing the same ampholine 

concentrations. SDS-PAGE in the 

second dimension was carried out on 

a 7.5-15% acrylamide gradient gel’’. 

The gels were stained with 

Coomassie blue as described else- 
where”. 
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Fig. 2 In vitro protein synthesis 
directed by mRNA isolated from 
haemin-induced and uninduced 
K562 cells. RNA was isolated from 
uninduced K562 cells or cells 
induced in the presence of 25 uM 
haemin for 48 h. After washing with 
PBS, the cells were solubilized in 
4M guanidine thiocyanate and 
RNA prepared by _ pelleting. 
through a CsCl gradient as 
described*!. The poly(A)-con- 
taining RNA was isolated by 
oligo(dT)-cellulose chromatogra- 


h anslated in a rabbi : , 
akaa bra a ine wa S Fig. 3 Comparison of '**I-labelled tryptic peptides of the 


lysed by electrophoresis and haemin(a) and heat shock(b)-induced p70 of K562 cells. Gel slices 
fluorography. The sources of were excised from the two-dimensional gelin Fig. 16 and c contain- 
RNA ased (Aihe Dira drania: ing the p70 proteins and radioiodinated as described™. After 
tion are as follows: a, no mRNA: extensive washings, the proteins were cleaved with 5 ug trypsin. 
b ütinduced K362 celle: c, haemin- Peptide analysis was performed by loading approximately Ix 
i snduced K567 cells. 10° c.p.m. onto each cellulose-coated TLC plate. The samples were 
electrophoresed and chromatographed as described elsewhere”. 

Finally, the plates were dried and analysed by autoradiography 





























Fig. 4 Cross-reaction of a 70,000-MW protein in K562 cells and 
human bone marrow with antiserum against HeLa cell heat shock 
p70. K562 cells were induced with haemin as described in Fig. | 
legend. Equivalent aliquots of control (a, c) and induced (6, d) 
cells were washed extensively, solubilized by boiling in SDS-lysis 
buffer (62.5mM Tris-HCI pH 6.8, 2% SDS, 10% glycerol, 5% 
-mercaptoethanol and 0.001% pyronin Y}, then analysed on a 
7.5% acrylamide gel. Samples for e and f contained approximately 
50 ug of SDS-solubilized proteins from human bone marrow and 
adult erythrocytes, respectively. After electrophoresis, lanes a and 
b were stained with Coomassie blue and lanes c~f were electro- 
blotted to nitrocellulose paper'' and probed sequentially with 
antiserum against HeLa cell heat shock p70 and '**I-labelled 
protein A. In other experiments, equal aliquots of the same cell 
extracts from the **S-labelled human bone marrow cells were 
immunoprecipitated {g, with control serum: A, with antiserum 
against heat shock p70}. They were then electrophoresed in a 
7.5-15% gradient gel containing 1% SDS. Arrows indicate the 
position corresponding to the 70,000-MW protein. 
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variety of circulat- 
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(HSV)-1, HSV-2, cytomegalovirus or varicella zoster virus**. We 
recently reported that infection by HSV-1 induces both Fc and 
C3 receptors on human endothelial cells’. Glycoprotein E of 
HSV-1 has been shown to function as an Fc receptor’. We ne 
demonstrate that glycoprotein C (gC) of HSV-1 functions as 
C3b receptor. This receptor appears following HSV-1, but not 
HSV-2, infection. Detection of the C3b receptor is blocked by 
monoclonal antibodies to glycoprotein C (gC) of HSV-1, but not 
by monoclonal antibodies to other HSV-1 glycoproteins. In addi- — 
tion, the MP mutant of HSV-1, which lacks gC, fails to express. 
a C3b receptor. These results assign a new function of gC of 
HSV-1 and demonstrate potentially important differences between © 
HSV-1 and HSV-2 glycoproteins. z 
Figure la shows the binding of C3b-coated erythrocytes to: 
HSV-1 infected endothelial cells by light microscopy. Rosettes: 
(>4 erythrocytes per endothelial cell) were found with 70% of | 
infected endothelial cells: no rosettes formed around uninfected _ 
cells, nor around infected cells incubated with IgM- coated 
erythrocytes or with erythrocytes coated with complement com- 
ponents (C142) but not C3 (Fig. 1b). The specificity of the 
C3b-coated erythrocytes for C3b receptors was demonstrated 
by the ability of purified C3b fragments totally to inhibit roset 
ting. In contrast, purified C3 failed to block rosettes, 
A second assay system was used to detect C3 receptors on 
infected endothelial cells (Fig. 1c). Complement-coated bacteri. 
were prepared as indicator cells by incubating Salmonella typh 
with antibody-negative fresh human serum'’. Extensive attach 
ment of bacteria occurred to HSV-I infected endothelial cells 
No attachment occurred to uninfected cells. Similarly no attach 
ment occurred to infected cells when bacteria were incubate 
with heat-inactivated serum rather than fresh serum as the eure 
of complement. - 
These results suggested that the receptor might be a viral 2 
glycoprotein. To test this, endothelial cells were infected with- 
HSV-1 in the presence of tunicamycin to inhibit glycoprotein — 
expression ™ >. 3ygml~' of tunicamycin added Ih post 
infection decreased from 70% to 5% the number of infecte: 
cells showing rosettes of C3b-coated erythrocytes at 24 h. Figu 
2a shows the results expressed as the % binding of *'Cr-tabell 
C3b-coated erythrocytes. 
Experiments were performed with several different HSV 
and HSV-2 strains. Four low passage clinical isolates of HS\ 
all induced C3b receptors (Fig. 2b). -Light microscopy reveale 
rosettes of C3b coated erthrocytes around 70-75% of the infec 
ted endothelial cells following infection with each HSV — I strai 
but no rosettes were found with clinical isolates of HSV-2 b 
either the °'Cr-erythrocyte binding assay (Fig. 2c) or microscopi: 
examination. All HSV-1 and HSV-2 strains induced Igé 
receptors as measured by binding and rosetting of IgG-co 
*'Cr-labelled erythrocytes (results not shown). f 
Glycoproteins A/B, D and E of HSV-1 have antigenic deter 
minants in common with the equivalent glycoproteins of HSV-2 
but gC of HSV-1 is predominantly type-specific'*”'°. To examine _ 
whether gC acts as the C3b receptor, we looked for expression | 
of the receptor in cells infected with the MP mutant of HSV-1, 
which fails to express gC'’. No C3b receptor activity was detec- 
ted in these cells, as measured by the a ‘Cr-erythrocyte binding - 
assay (Fig. 2e} or by rosetting. In contrast, expression of Fe. 
rece| tors des the: was normal, as detected both | by ‘ 
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Fig. 1 Demonstration of a C3b receptor by erythrocyte rosetting 
and by a fluorescein-coated bacterial assay. a, Numerous rosettes 
of erythrocytes coated with complement components, including 
C3b, were present around HSV-1 infected endothelial cells (x130). 
b, Erythrocytes coated with complement components, but exclud- 
ing C3b, did not form rosettes around infected endothelial cells 
(x200). c, Extensive attachment of fluorescein-labelled, comple- 
ment-coated bacteria to HSV-! infected endothelial cells (x150). 
Methods: Human umbilical vein endothelial cells were grown in 
24-well microtitre plates precoated with purified human plasma 
fibronectin (Ilygem*) and in M199 containing bovine 
hypothalamic growth factor’. Monolayers were infected with one 
infectious virus per endothelial cell (MOI of 1.0) using a low 
passage Clinical isolate of HSV (NS strain) determined to be type 
| by bromovinyl deoxyuridine inhibition’. To detect C3b recep- 
tors, sheep erythrocytes (10° per ml) were sensitized with subag- 
glutinating concentrations of rabbit anti-sheep erythrocyte IgM 
and purified complement components consisting of 1,000 units per 
ml guinea pig Cl, 100 units per ml human C4, 75 units per ml 
guinea pig C2 and 100 units per ml human C3 (Cordis Labs)’. 
Sheep erythrocytes were also prepared as above but C3 was omitted. Sheep erythrocytes without complement components were used in some 
experiments and prepared as described previously’. Erythrocyte rosetting assays” were performed 24h post-infection using a ratio of 100 
erythrocytes per endothelial cell. Heat-killed Salmonella typhi were fluoresceinated and incubated for 15 min with human serum as 4 source 
of complement from a donor lacking antibodies to Salmonella.''! 24h after HSV-1 infection, endothelial cells were removed by scraping and 
were incubated for 30 min with complement-coated bacteria. 
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Fig. 2 Binding of coated erythrocytes to infected endothelial cells. a, Endothelial cells were infected with HSV 1 (NS strain) at an MOI of 
1.0. One hour after infection, tunicamycin, 3 pg ml ' was added to some cultures and 24 h after infection sheep erythrocytes coated with IgM 
and Cl. 2, 3, 4 were added to detect C3b receptors. b, 24h after infection of endothelial cells at an MOI of 1.0 with 4 HSV-1 low passage, 
clinical isolates, sheep erythrocytes coated as above were added to detect the C3b receptor. c, Three low passage HSV-2 strains and the MP 
mutant of HSV-! were used at an MOI of 1.0 to infect endothelial cells. 24h later, sheep erythrocytes coated as above were added to detect 
C3b receptors. At this time cytopathic changes were present in 100% of cells and 10°-10’ TCIDs infectious viruses were being produced per 
culture well. Erythrocytes were radiolabelled with 100 uCi °'Cr (Na,CrO,,) per 10” cells and prepared as described in the legend to Fig. 1. 
Binding assays were performed as described previously’ and expressed as the ratio of *'Cr-labelled erythrocytes bound to the monolayer to 
the total °'Cr-labelled erythrocytes added to the monolayer <100%, Each bar is the mean of two experiments. 
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ig.3 Herpes antisera block the binding of C3b-coated erythrocytes to HSV-! infected endothelial cells. 
~ Endothelial cells were infected with HSV-t (NS strain) at an MOI Of 1.0. 24h later the monolayers were 
incubated for 30 min with 0.1 mi of either phosphate-buffered saline (PBS), antisera to HSV-| envelope 
glycoproteins, or monoclonal antibodies to HSV-1 gA/B, gC, gD or gE. Unbound antiserum was removed 
by washing and *'Cr-labelled erythrocytes, coated as described in the legend to Fig. 1, were added to detect 
HSV-1 induced C3b receptors. Binding of erythrocytes to infected cells in the presence of PBS was assigned 
value of 100% . To calculate the effect of immune serum on blocking erythrocyte binding, the following 
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Cr-erythrocyte binding in presence of PBS i | 
Monoclonal IgG antibodies to HSV-1, gA/B (245), gC (55, 175, 19S, 278) and gD (1S, HD1) were kindly I | 
provided by Drs B. Hamper, M. Zweig and L. Pereira. The specificity, neutralization titre, immunofluores- | i | 
cence activity and immunoglobulin subtypes of these monoclonal antibodies have been described else- 7 z i | f 
where**’, Additional monoclonal antibodies were prepared by the method of Holland er al.'* against the | i i | | | 
low passage clinical isolate of HSV-1 (NS strain} used in these studies. Characterization of these antibodies wanes an 
as igG2a anti-HSV-1 gC (1C8), gD (1D3) and gE (1E3) will be presented elsewhere (H.M.F. er al, PBS antidaS\et 3AB gS gf of 
manuscript in preparation). Briefly, each of the monoclonal antibodies has neutralizing activity against envelope T MOORA antibody fo HOV = 


HSV-1; the 1C8 antibody, however, requires complement for viral neutralization. The specificity of the monocional antibodies was demonstrated by radioim- 


munoprecipitation'* and SDS-polyacrylamide gel analysis of cytoplasmi¢ extracts” 


* prepared from HSV-1 infected Hep-2 cells labelled with *°S-methionine S-iO h. 


post-infection. Each monoclonal antibody immunoprecipitated proteins corresponding in size to those published for precursor and processed forms of specific HSV 


-10,28,29 
glycoproteins 9?" 


. These were as follows: 1C8 anti-gC, 130,000 molecular weight (MW) and 105,000 MW: ID3 anti-gD, 60,000 MW and $3,000 MW: 1E3 anti-gE, 


80,000 MW and 68,000 MW. To block the binding of C3b-coated erythrocytes, a 1:10 dilution of ascites fluid was used. To demonstrate that binding to surface = 
proteins occurs at this concentration, immunofluorescence studies were performed on unfixed HSV-1 infected and uninfected endothelial cells. The end-point titre 
was calculated as the highest dilution of antibody producing intense fluorescence on infected cells. The fluorescent antibody titres were as follows: anti-gB; 248, 
1:10) anti-gC: 178, 151,000, 1C8, 1:1,000- anti-gD: HDi, 14,000, HD3, 1:1,000; anti-gE: 1E3, 1:10. Each bar is the mean of two experiments except for the gC and 


gD monoclonal antibody experiments which are the mean of nine experiments. 


occurred with each of the five anti-gC monoclonal antibodies 


examined at a 1:10 dilution (Fig. 3) and at a titre of 1: 500 for 
the one anti-gC monoclonal antibody which was tested in serial 
dilutions (results not shown). a 

Anti-gC ascites (1C8) was purified by ammonium sulphate 
precipitation and DEAE-cellulose chromatography’. Purified 
IgG antibody (8.6 mg ml7') totally inhibited C3b-erythrocyte 
binding at a titre =1:1,000. None of the anti-gC monoclonal 
antibodies, including purified 1C8 IgG, blocked binding of 
IgG-coated erythrocytes to the HSV-1 Fe receptor. The anti-gE 
monoclonal antibody blocked binding of IgC-coated eryth- 
rocytes to Fe receptors but had no effect on binding of C3b- 
coated erythrocytes to the C3 receptor. All these results were 
confirmed by rosettes, viewed under light microscopy. 

These results indicate that gC of HSV-1, either alone or in 
combination with endothelial cell proteins, serves as a C3b 
receptor. Receptors for four different cleavage products of C3 
have been described on haematopoetic cells, including receptors 
_ for C3b, C3b-81H, C3bi and C3d*, Whether any of these other 
_ C3 receptors are present on HSV-1 infected cells remains to be 
determined. oa 
C3b receptors m 
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cells and circul 
by HSV-1 fun 
complement-cc 




















ve as binding sites for complement- 
dy complexes on certain fixed tissue 
cells'?*". If the C3b receptors induced 
imilar manner, they may bind these 
mplexes to infected endothelial cells 
ry. Furthermore, C3b receptors on 
c been shown to inhibit activation of 
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e the efficiency with which antibody 
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‘supports the suggestion’ that Ubx mutations directly inactivate a 
product encoded by 5’ and 3’ exons of a long transci ption unit. 
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Fig. 1. Location of the Ubx®”? mutation. Top: Map indicating 
the locations of relevant loci. Numbers at the top of the diagram 
give the standard genetic map positions of ss (spineless), bx** and 
~ "Me (Microcephalus) on the right arm of chromosome Ili. The DNA 
scale in kilobases shows the relative locations of insertions (Y) 
and deletions ({ )}-) in BX-C mutant chromosomes. The three 
`- Ubx lesions located close to —32 kb are Ubx' (insertion), Ubx®*8 
and Ubx**? (deletions)'’. Bottom: Segregation of the Ubx?*? 


-.- mutant phenotype. The diagram shows the constitution of paren- 


tally derived chromosomes in non-recombinant progeny, and of 
one diagnostic recombinant. Plus signs indicate wild-type alleles 
at loci which differ between the parents. R is a restriction site 
polymorphism characteristic of the bx“ chromosome. All wild- 
“type recombinants lose both the bx“ insertion and the Ubx?” 
deletion, and carry the ss flanking marker. In the diagnostic recom- 
binant illustrated, recombination must have occurred to the left of 
~95 kb, as this recombinant chromosome carried restriction sites 
derived from the Ubx??* chromosome at the polymorphic site. 
From the phenotype of these recombinants in trans with bx*** it 
remains possible that two separate mutations are responsible for 
the phenotype of the Ubx?* chromosome—a bx mutation located 
to the left of bx°“* and a bxd mutation located to the right. To 
eliminate this possibility, bx* chromosomes from each recom- 
binant were established in stock and examined as homozygotes, 
and in trans with a range of bithorax complex mutations, including 
the deficiencies Df Ubx 109 or Df Ubx P2 (ref. 4). In no case did 
these combinations reveal additional BX-C mutations remaining 
-on the recombinant chromosomes. Thus, no DNA lesion to the 
right of —95kb contributes to the phenotype of the Ubx**? 
chromosome. 





lesions were located within a short (2 kb) target at the extreme 
right-hand end of the Ubx unit, within the region indicated by 
the genetic mapping. In the fourth case the only detectable 
lesion on the mutant chromosome was a 1.4-kb deletion located 
70 kb from this site, at the extreme left end of the Ubx unit. 
The mapping crosses detailed below show that the Ubx mutation 
on this chromosome (Ubx*’) co-segregates with the observed 
deletion, and must be associated with DNA sequences to the 
left of coordinate —95 kb on the DNA map (Fig. 1), beyond the 
loci of bx (bithorax) and Cbx (Contrabithorax) mutations. 
Table 1 gives the results of mapping crosses with Ubx*”, 
and with other previously unmapped Ubx alleles. Crosses with 
the Ubx®* mutation provide appropriate controls; Ubx?? and 
Ubx*** were X-ray-induced in the same experiment, on chromo- 
somes of common origin’. In both cases, the mutant cht omosome 
reveals a deletion when compared with the parental chromo- 
some, but whereas the deletion in Ubx”” lies well to th 
of the bx locus, that in Ubx®* lies in the expected targe 
Ubx ‘point’ mutations, to the 1 
> of the Ubx insertion! (Fig. D. 






















22 and Ubx®”* recombine with the bx™™ mutation at 
frequencies (Table 1). The flanking markers carried by 
recombinants indicate that the Ubx 628 mutation maps, 
2d, to the right of bx”. In contrast, wild-type recom- 
with Ubx®** show the reverse segregation of flanking 
mutation maps to the left of 
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i markers, confirming that the Ubx 
bx***, and suggesting that it results 










‘to the right of bx and very close to the — 


shows the same range of pher 


from the observed deletion. - © larval instar show partially develo sed: 


NATURE VOL. 309 14 JUNE 1984 


Table 1 Mapping Ubx alleles 









Diagnostic flanking 
markers on 
recombinant 
chromosome * 
ss. Me 
locus locus 


Ubx Cross Chromosomes No. of BX-C* 
allele type tested recombinants 


10,500 
10,400 
11,600 

7,600 
13,500 
28,000 
22,000 
17,000 
13,600 
13,000 
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Me 
Me 
Me 
Me 
Me 
Me 
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2 
2 
159 2 
2 
2 
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Females heterozygous for each Ubx mutation, and for a chromosome 
carrying the bx** mutation in cis with flanking markers (see Fig. 1), 
were backcrossed to bx** homozygous males. Non-recombinant pro- 
geny are either bx?“*/bx*** or bx***/ Ubx. Both of these genotypes result 
in the partial transformation of the third thoracic segment into a second 
thoracic segment. Recombination between the bx?* ? 
generates either wild-type (bx* Ubx*) or double mutant (bx? Ubx 
chromosomes. The bx* Ubx* haplotype in trans with bx*** : 
to phenotypically wild-type progeny, which we have identified in these 
crosses. Recombinants carrying the double mutant chromosome (bx** 
Ubx/bx?*) can be distinguished from the non-recombinant genotypes 
only with some difficulty; no attempt was made to identify such 
individuals in these crosses. The female genotype in crosses of type | 
was: FMA3, XX/Y, SMI Cy/ +; sbd? ss bx*“*/red sbd Ubx e. The 
female genotype in type 2 crosses was FMA3, XX/Y; +/+; InGUpP, 
h sbd? ss bx*4* Mc/sbd Ubx. The male genotype for all crosses was: 
sbd ss bx (ref. 14). Ubx*?? and Ubx®™* have been described else- 
where’. The remaining Ubx alleles were recovered by Lewis after treat- 
ment of a su( Hwy sbd chromosome with ethyl methane sulphonate: 
the allele numbers quoted are derived from the Lewis stock numbers. 
98, 154, 159 and 195 are derived from Lewis cross 17756.98, 17756.154, 
17756.159 and 17756.195; 847, 849 and 859 from cross 18136.147, 
18136149 and 18136.159 respectively. Heterozygous inversions in 
chromosomes I and II (series 1 crosses), or I and IH left (series 2 crosses) 
were used to increase the frequency of recombination in the right arm 
of chromosome III. These enhanced recombination by a factor of ~3 





(series 1 crosses, ss~bx**" = 1.0% recombination) or 2 (series 2 crosses, _ 


ss~Mc = 1.0% recombination). Correcting for this, and for the recove 


of only one recombinant class, the observed recombinants correspond y 


to a map distance of ~0.04 from bx** to Ubx’”, The map distance 
between bx*“* and Ubx alleles located to the right (calculated on pooled 
data for Ubxs 6.28, 98, 154, 159, 849 and 859) is ~0.025 map units. The 
failure to observe recombinants with the Ubx'*° allele is significant 
when compared with these pooled data (expected = 5.5; observed = 0; 
P< 1%). 


To define more precisely the limits within which the Ubx*”? 
allele maps, DNA was prepared from strains homozygous for 
the recombinant chromosomes, and restriction fragments in the 
region of the bithorax complex were compared with those pres- 
ent in the Ubx’*? and bx*” stocks. In each of four tested cases, 
the recombinant chromosome lacked the restriction fragments 
characteristic of the gypsy insertion in bx°“ at —63.5 kb and 
the deleted fragments characteristic of the Ubx*”’ chromosome 
at —104 kb! (Fig. 1). In one particularly informative case (Fig. 1), 
the wild-type recombinant retained restriction fragments charac- 
teristic of the Ubx’~’. chromosome throughout the region from 

dt : cating that the recombination event occurred 
within 5 kb of the deletion present in the Ubx*”’ chromosome. 
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We conclude that the Ubx?*? chromosome carries no detectable — 
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third thoracic and first abdominal segments, which are charac- 
teristic of Ubx homozygotes‘. 
- Similar mapping crosses were performed with a series of seven 
other Ubx mutations (Table 1). One of these, Ubx**” is associ- 
ed with a ~110-base pair (bp) deletion in the Ubx 5’ target, 
ut the remainder are candidates for true point Ubx mutations’. 
Ubx*” and five of the six point alleles map clearly to the 
right of the bx°** mutation. Our data are consistent with the 
model that all of these alleles map to the same site as Ubx®4, 
approximately 0.025 map units from bx?*. 

Ubx'” does not fit this model. We observed no recombinants 
between this allele and bx?°® (see Table 1). Thus, Ubx'™ is most 
likely to map at a site closer to the bx?™™ mutation than these 
other alleles. 

We do not know the precise location of most of the Ubx 
mutations which map to the right of the bx?” locus, but in those 
three cases where the mutation has been associated with an 
identified lesion in the DNA, this lesion is located between 
-31.5 and ~32.5kb', suggesting the existence of a localized 
target for such mutations. 
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The Ubx?? mutation identifies a second target for Ubx 
alleles, which must be located to the left of —95 kb, We have 
not proved that this Ubx mutation results specifically from the 
observed deletion, but the circumstantial evidence strongly sug- 
gests that this is so. 5 


DNA sequences located both in the rightward Ubx target and — E 
in the region removed by the Ubx’®™ deletion are present in 


processed transcripts of the Ubx unit (R. Saint and D. Hogness, 
unpublished results; see also refs 11-13). Taken together with 
these molecular data, our results support the suggestion’ that 
Ubx mutations directly affect the expression of a product {or 
products) encoded by sequences which span the entire 70 kb of 


the Ubx unit. 
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Most secretory proteins are synthesized as precursor polypeptides 
carrying N-terminal, hydrophobic sequences which, by means of 
a signal recognition particle (SRP)'”, trigger the membrane trans- 
fer of the polypeptide and are subsequently cleaved off. The signal 
be interchangeable between prokaryotes and 

retion only involves the crossing of 
‘otes the secretory process can be 
ses: translocation across the mem- 
lasmic reticulum and subsequent 
rocesses involving vesicle budding and 
teins must be distinguished from other 
or various sites in the reticular system, 
ukaryotic secretory proteins possess addi- 
n the signal peptide to guide the poly- 
through the membrane. Proteins are 
m a eukaryotic cell***, suggesting a 
for receptors with differing affinities 
in secretory proteins. We have tested 
ing into the lumen of eukaryotic rough 
endoplasmic reticul rokaryotic protein which, by virtue of 
its origin, had not been adapted to the eukaryotic secretory path- 
way. We reasoned that secretion of the bacterial protein would 

















separated into 
brane of the- 


intraluminal tra 


peptide after 
secreted at diff 


indicate that after membrane transfer no topogenic signal(s) and _ 


corresponding recognition system(s) are required. We report here 
that this is indeed the case. — ath 






We have chosen the B-lactam: se encoded by the Escherichia 


\ coli plasmid pBR322 as a model for a prokaryotic secretory 
protein and Xenopus oocytes as eukaryotic test cells. B- 
1) Lactamase is the major protein secreted into the periplasm of 
_E, coli cells carrying pBR322 and inactivates ampicillin, thus 
conferring on the bacteria resistance to the antibiotic. Xenopus 
oocytes have been shown to bea surrogate system for the study 
eukaryotic proteins (see ref. 9 for a review) 


of the secretion of ic : 
or the incorporatio ansport of plasma membrane pro- 




















_ (data not shown). 














to the transcription mixture’? ed mRN 
stabilized against the action of 5’-exonucleases | 1 
not shown) and is also more efficient than uncapped mRNA in 


abolished the synthesis of pre-6-lactamase (Fig. 1, lane 2). The. 
translational arrest was prevented and signal peptide cleavage 
occurred if KCl-washed rough microsomes (K-RM) were also 


present during translation (Fig. 1, lane 3). These membranes are =- 


devoid of SRP’ and inactive by themselves (Fig. 1, lane 4). 
Identification of the B-lactamase was based on the observation 
that the product processed in vitro by the reconstituted transloca- 
tion system co-migrated with the authentic enzyme in SDS gels 
(compare Fig. 1, lanes 3 and 7) and that a plasmid (pKT218) 
lacking the nucleotide sequence coding for amino acid residues 
6-181 of pre-B-lactamase* yielded a truncated translation prod- 
uct (Fig. 1, lane 5). Furthermore, cleavage with restriction enzy- 
mes within the 8-lactamase gene prevented the synthesis of 
pre-B-lactamase after transcription-translation in vitro, whereas 
cleavage of the plasmid DNA outside the gene had no effect 


Fhese results are in complete agreement with those of Miller 


etal’ and confirm that the prokaryotic signal peptide is recogn- 


ized by mammalian SRP and is cleaved by the eukaryotic signal 
peptidase. Removal of the signal peptide of pre-B-lactamase 
has also be shown previously in yeast cells”, i. 

As the wheat germ system possesses a capping system’*, it 
was important to demonstrate the synthesis of pre-8-lactamase 
in a reticulocyte lysate system in which endogenous capping 
could not occur (Fig. 1, lane 6), as a precondition for the 
experiments with Xenopus oocytes in which only pre-capped 
mRNAs are efficiently translated'*'*. Synthesis was markedly 


























_ Fig. 1 Translation of in vitro T ee a: | 
synthesized B-lactamase 
mRNA in cell-free systems 
and in Xenopus oocytes. Lane 
4, translation of pBR322-— 
coded RNA in the wheat germ 
cell-free system. Lane 2, as 
lane { but in the presence of 5 
units SRP. Lane 3, as lane } 
but in the presence of 5 units 
SRP and 0.5 equivalents of K- 
RM (for definition of units 
and equivalents see ref. 26). 
Lane 4, as lane | but in the 
presence of 0.5 equivalents of 
K-RM. Lane 5, translation of 
pKT218~-coded RNA in the 
wheat germ system. Lane 6, 
translation of pBR322-coded 
RNA in the reticulocyte lysate. 
system. Lane 7, *H-leucine- 
labelled periplasmic proteins 

of E coli cells harbouring 
‘pBR322. Lane 8, products in 
the medium of four oocytes 
injected with pBR322-coded 
—- RNA and globin mRNA and 


pre - B- lactamase _ 
8 ~ lactamase . 


truncated 
B ~ lactamase _ 


4 5 6 ? 8 9 40 H n 13 





globin 


—Jabelled with 35g methionine (1 mCi ml‘; 1,100 Ci mmol”') for 12b (pulse). Lane 9, control to Jane 8 with globin mRNA-injected oocytes. Lane 10, as lane 3 but 


after labelling with **§-methionine the incubation was continued for 22 h with new medium containing unlabelled methionine (10 mM) (chase). Lane 11, control to : 
Jane 10 with globin mRNA-injected oocytes. Lane 12, total products in pulse-chase labelled oocytes injected with pBR322-coded RNA and giobin mRNA (the 
equivalent of 0.05 oocytes was applied}. Lane 13, as lane 12 but oocytes only injected with globin mRNA. 


+ a 


Methods: B-Lactamase-specific mRNA was synthesized with isolated E. coli RNA polymerase and plasmid DNA as template. The assay contained in 10 pbk 0.34 
units E. coli RNA polymerase (PL Biochemicals), 3 pg of CsCl gradient-purified pBR322 DNA? or pKT218 DNA“, polyethyleneglycol 6000 (0.16 mg), RNase 
inhibitor from human placenta”™® (10°* Ago units) and ’mGpppA (5 nmal)'>. Other conditions were as in ref. 5. After transcription the mixture was heated to 60 °C 


“g 
e 


_for Smin. Translation of.2.5 pi transcription. mixture in a 12.5-ph-assay of a micrococcal nuclease-treated wheat germ system” “orofa nucteasetreated reticulocyte. 
tysate system” was performed in the presence of 356 methionine (1 mCi mi~’). SRP and K-RM were isolated from dog pancreas according to ref, 16. Proteins of 

_£. coli cells carrying the plasmid pBR322 were labelled with *H-leucine for 60 min and the periplasm was prepared by lysozyme~EDTA treatment’. For the oocyte | 
“experiments, the in vitro synthesized RNA was extracted with phenol-chloroform (1:1), precipitated with ethanol and dissolved in water in 1/4 of the original volume. 


3 ul of this solution were mixed with | pl of rabbit globin MRNA (1 mg ml” ') and 50 nl were injected into Xenopus laevis oocytes defolliculated with collagenase’ 


G23 


* 


Controls received 12.5 ng globin mRNA only. The oocytes were preincubated for 2h before labelling. Incubations were performed in Barth medi um” in the presence 
of penicillin (10 pg ml”') and protease inhibitors’'. The translation products were separated on a 10-20% (w/v) linear acrylamide gradient SDS-gel” ? and visualized 


by fluorography**. 


reduced in the reticulocyte lysate system with mRNA prepared 
in the absence of ’mGpppA (data not shown). 

B-Lactamase mRNA synthesized and capped in vitro was 
microinjected into oocytes and the translation products were 
labelled with °°S-methionine. Globin mRNA was co-injected as 
an internal control. Globin was clearly seen among the products 
inside the oocyte, whereas the endogenous background did not 
allow a definite identification of a B-lactamase band (Fig. 1, 
lanes 12, 13). In the medium of oocytes incubated for 12 h with 
35§_ methionine, a major band was seen at the position of B- 
lactamase (compare Fig..1, lanes 7 and 8) which was absent 
from the medium of control oocytes (lane 9). The levels of 
B-lactamase in the medium increased after the chase period 
(lanes 10, 11), while globin. was undetectable (lanes 8-11), 
excluding the possibility of nonspecific leakage from the oocytes. 

Independent proof for the secretion of P-lactamase from 
Xenopus oocytes was obtained by measurement of the enzymatic. 
activity in the medium. Nitrocefin was used as a sensitive 
chromogenic substrate of B-lactamase'” (Fig. 2). The medium 
of oocytes injected with plasmid-coded mRNA contained 
significant activity whereas globin mRNA-injected controls 
were negative. Again, in accordance. with the labelling experi- 
ments, more B-lactamase was found after the chase period than 


Rough estimates of the number of enzyme molecules secreted 


by the oocytes could be obtained from both types of experime 


= 


Using the radioactivi 


methionine content of oocytes’, it was calculated that 3x10" 


molecules per oocyte were synthesized and secreted. Using 
enzymatic activity it was estimated that 10'° molecules of B- 
lactamase were secreted by one oocyte in 24h (the specific 
activity of pure B-lactamase was assumed to be 200 units per 
mg} These values compare favourably with estimates of the 
amount of eukaryotic secretory proteins synthesized in and 





exported from oocytes'®?'. Also, the time periods between syn- 











Fig. 2 Detection of gB- 
lactamase activity in the 
medium of oocytes injected 
with plasmid-coded mRNA. 
The -lactamase activity was 
measured with nitrocefin as a 
chromogenic substrate (0.2 mg 
mi’ in 50 mM phosphate 
buffer, pH 7.0) by the increase 
of the absorbance at 482 nm. 
The medium of two oocytes 
injected with pBR322-coded 
RNA and globin mRNA was 
tested after 12 h pulse-incuba- 
tion (~—-:——) or after an addi- 
tional 22 h of chase (——), A 
test with chase medium 
obtained from four oocytes 
(:+++-} showed nearly double the rate, Control oocytes received globin 
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are similar (see ref, 22). Thus, the bacterial secretory protein 


may be handled in the eukaryotic cell with similar efficiency to 
a genuine eukaryotic protein. 
Our results indicate that a signal peptide is sufficient to trigger 


7 secretion, even in a complex eukaryotic cell, and that no further 


yogenic information and corresponding: recognition systems 
„needed after traversal of the membrane. Conversely, one. 
may assume that non-secretory, soluble proteins, located in the 
lumen of the reticular system of a eukaryotic cell, need some 
device to prevent their secretion. For lysosomal enzymes o 
fibroblasts, for example, this mechanism appears to be the 
mannose 6-phosphate receptor pathway (for review see ref. 23). 

Our results do not imply that every protein without a sorting 
signal will be secreted once it has passed the rough endoplasmic 
reticulum membrane. Poor solubility or special affinity to mem- 


branes can interfere with intraluminal transport (for examples. 


thesis of the polypeptides and their appearance in the medium. see refs 24, 25). 
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ist at many genetic loci. At some loci, however, 
igh that tens and even hundreds of different 
ulation. Two such highly polymorphic 
lobulin genes and the vertebrate major 
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tant biological roles. The high degree 
? class I major histocompatibility locus 
mented by both tissue transplantation 
: More recently, molecular cloning and 
DNA sequencing of some of the class I genes has shown that most 
of the sequence var is concentrated in the first two domains 
and is often found in clustered regions within them”™, In addition, 
several groups have suggested that gene conversion events among 








of the mouse h 
and serological r 





the many class I genes may contribute to H~2 polymorphism**; _ 


such events would have to occur during meiosis to produce heritable 
alterations. The strongest evidence for gene conversion comes from 
sequence analysis of mutant class | H-2 alleles where concerted 
changes at adjoining sites in DNA imply gene conversion by distant 
but Ylosely related loci. We report here an analysis of these 
mutants indicating that the chromosomes containing loci that have 
_ experienced gene conversion originated from females. These data 
suggest a striking preference for mammalian meiotic gene conver- 
sion events during female rather than male gametogenesis. 

The existing H-2 mutants were originally identified by circular 
skin-grafting experiments among sibling mice’*. This system of 
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bute to their variability and that their 
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mutants is notable because: (1) the rate of observed mutation . 
is very high, about | in 2,500: (2) individual mutational events 
result in multiple amino acid substitutions; (3) independent 
mutants have identical, multiple changes; and (4) in most cases, = 
the newly introduced amino acid sequences are found in the a 
same configuration in one of the other genes of the major ~ 
histocompatibility complex (MHC). Two independent groups 
have recently shown unequivocally that in the case of the bm! 
mutant, a gene conversion-like event resulted in the substitution 
of a piece of DNA in the middle of the gene, producing the 
Kem gene’, 
While considering possible mechanisms for this high rate of 
gene Conversion we were struck, as others had been previously’, 
by the apparent allele specificity of the conversion process. In 
the initial experiments, where skin grafts among (C57BL/6 x 
BALB/c)F, mice were performed, mutation was observed at the 
K’ locus to the almost total exclusion of alternative available 
loci (K“, D*, D° and L’). The results suggested that perhaps 
K° is especially prone to alteration or possibly that changes in 
K” were more easily recognized than others using a skin graft 
assay. The K” gene, however, has no obvious uniqueness in its 
sequence and, since the initial experiments, mutations at other 
loci have been found. While puzzling over the existing data, a 
previously unrecognized feature became apparent. In the initial 
experiments, the F, mice all originated from mating CS57BL/6 
females with BALB/c males”*"''. Thus, the K” allele was always 
contributed through the egg rather than the sperm. A review of 
all available data in which the origin of a mutated allele could 
be traced because the investigators used F, mice, showed that 
in every case, the mutation arose in a chromosome contributed 
by the egg (Table 1)’*. For this compilation, only mutants of 
the spontaneous gain/loss type were included because these are 
the ones most likely to involve a gene conversion-like event. (A 
gain/loss type mutant is one in which both the mutant and the 
parental type reciprocally reject skin grafts consistent with the __ 
simultaneous loss of one transplantation antigen and the acquisi- 
tion of another.) There were 16 cases found, 9 of which involved ; 
K”, 3 of which involved other b haplotype alleles and 4 of 
which were in maternal chromosome a 
(Table 1). In one case, mutation in K? w 
where the d haplotype was maternal and 
Gene conversion apparently occurred exclusively on maternal 
j ‘maternal K” allele w 






















chromosomes in all cases exami 
involved in many of these cases. 
then it would skew the data for rea: 
the chromosome donor. Without 

seven cases were maternal, which would 
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Maternal 


Affected H-2 F, cross in which 


Mutants locus haplotype haplotype | mutation arose 
bmi K? b cd? C57BL/6By x BALB/cBy 
bm2 kK b dad CS7BL/6By x BALB/cBy 
bm4 K? b d — C57BL/6By x BALB/cBy 
bm7 K? b d — C57BL/6By x BALB/cBy 
bm kK b d C57 BL/6By x BALB/cBy 
bm10 kK? b d CS7BL/6By x BALB/cBy 
bmi Kee -b ` ~d- CS7BL/6By x BALB/cBy 
bm12 Ag E d C57BL/6By x BALB/cBy 

bml pD” Cb cd > CSTBL/6By x BALB/cBy 
< bml D* b d. CS7BL/6By x BALB/cBy 
fmi K i f a A.CA/ SnKI/Egx A,/ Sn 
fm? D f ro BIOM xBIO.RHI(71NS) 
KH162A KIA d b — BALB/cKh x CS7BL/6Kh 
KH170 K b d C57 BL/6Kh x BALB/cKh 
KHI71 K’ b d — C57BL/6KbxBALB/cKH 
dm5 K“ d b BALB/cKh *C57BL/6Kh 


The origins of the mutants, together with the affected loci, are shown, For 
completeness, the table includes mutant bm/2, which has a mutation in the Ag 
gene, and KH162 which has not been further characterized other than to bein the 
K“.1A® region. For details of the various origins of these mice see refs 7, 11. 
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a <1% probability. Although the rates of occurrence of gain/loss., 
type mutants vary considerably, the events at K” do not seem 
to be more frequent compared with other events in other 
haplotypes'*; rather, K? events are more frequent than D” 
events. We conclude, therefore, that gene conversion events (if 
all MHC mutants have such an origin) are much more frequent 
in oogenesis than in spermatogenesis and possibly never occur 
during male gametogenesis. Although there are no available 
data for analysing any other gene system, it is reasonable to 
expect that in other multi-gene families, like immunoglobulin 
variable-region genes, the same specificity of gene conversion 
events might pertain. 

Although gene conversion events in lower eukaryotic organ- 
isms are often associated with recombination of flanking 
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Human T-cell leukaemia virus (HTLV)'“, previously also reported 
as ATLV’, is a recently identified retrovirus which is closely 
associated with adult T-cell leukaemia (ATL) endemic in south- 
western Japan” and the Caribbean’. Determination of the total 
nucleotide sequence of the HTLV genome has revealed no typical 
onc gene acquired from the cellular sequence’’’’. Screening of the 
HTLV provirus genome in tumour cells*'''? has shown that in 
all cases of ATL examined, the primary tumour cells contained 
the provirus genome and were monoclonal with respect to the 
integration site of the provirus’. These findings suggest that ATL 
leukaemogenesis may be due to insertional mutagenesis in which 
the provirus genome is integrated into a specific locus on the 
chromosomal DNA and then activates an adjacent cellular onc 
gene, a mechanism already demonstrated in avian lymphoma'*” 
and erythroblastosis'° induced by avian leukosis viruses. A common 
site of HTLV provirus integration in leukaemic cells among some 
ATL patients was reported by Hahn et al." but subsequently 
retracted'®. However, this retraction does not imply the random 
integration of the proviruses. Independently, we have been testing 
this insertional mutagenesis model in ATL and report here that 
the provirus did not have a common locus of integration in 35 


ATL patients and did not integrate on the same chromosome in 2- 


ATL patients. 









patients contain. wo copies of HTLV provirus’'', but > 
the size of the | sted DNA fragment containing the — 


provirus and ce fl 
individuals, suggesting that the integration sites of the HTLV 
provirus in these patients are not identical. However, even if 
the actual chromosomal integration sites are different, it is still 
possible that proviruses integrated into one or a few common 

_regions could explain the activation of a unique cellular gene. 
The strategy used was to examine the rearrangements of cellular 













anking: sequences differs between i 


markers”, the localized gene conversion events at MHC and 
immunoglobulin genes are not known to have such an associ- 
ation. It may be relevant, however, that the intra-H—2 
recombination rate is 0.32% in females and 0.19% in males’? 
The excess rates in females are possibly associated with ger 
conversion events. | 
Although our analysis indicates preferential if not exclusive 

gene conversion in maternal gametogenesis, the preference of 
H-2K conversion over H-2D conversion still requires explana- 
tion’. Perhaps there is a polarization of events along the chromo- 
some or some specificity associated with K” structure. 

This work was supported by grants from the NCI and The 
American Cancer Society. D.Y.L. thanks D. Schulze and E. 
Weiss for many discussions. 
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probes, we could detect the integration of provirus into any site 
within specified DNA fragments. We chose the DNA clone 
AATK-1 (ref. 10), which had been isolated from fresh leukaemic 
cells of an ATL patient (KKT). As these cells had only one copy 
of the provirus genome'®, the provirus must be involved in 
initiating or promoting leukaemic cell growth. The cellular flank- 
ing sequence of this provirus could therefore be used as a 
chromosomal site-specific probe to test the significance of pro- 
virus integration into the tumour cell DNA. 

The unique cellular sequence flanking the 3’ long terminal 
repeat (LTR) was subcloned into pBR322 and used as probe a 
(Fig. la) for screening a human gene library to isolate clones 
covering wider regions around the provirus integration site. 
Isolation of three independent clones (GLI, GL2 and GL3) and 
construction of their restriction maps resulted in three Sst] 
fragments (A, B and C, Fig. 1A) covering a region of about 28 
kilobases (kb) around the provirus integration site in leukaemic 
cell DNA of patient KKT. We subcloned the unique sequences 
a, b and c from fragments A, B and C, respectively, and use 
them as probes to detect DNA rearrangements in Sstl digests _ 
of leukaemic cell DNA from 35 other ATL patients. As Sstl 
does not cut the viral sequences, the integrated fragments with 
the HTLV provirus sequence should have higher molecular 
weights than the original fragments A, B and C. Figure 1 B shows 
some results of screening using probe a. In addition to the 
normal cellular fragments, a rearranged larger fragment was 
detected in the control DNA of patient KKT from which the 
original clone was ifblated, but no such rearranged fragments 
were detected in the DNA of the other ATL patients. These 
results were confirmed by rehybridization of the same filters 
using viral probes that detected co-migration of the only provirus 
sequence with the rearranged fragment of patient KKT (Fig. 
1c). No DNA rearrangements were detected with probes b and 
c (data not shown). This absence of a common region for 
provirus integration in leukaemic cells suggests that it is unlikely 


-that ATL is caused by simple insertional mutagenesis. 
= | et ge ee This conclusion is based on analysis of a single locus of a 

As previously reported, the leukaemic cells of most ATL See tegratic 

: we ut. an exceptional case. To exclude this possibility, we isolated 


‘provirus integration in only one case of ATL, which could be 





another clone, AATY, from fresh leukaemic cells of another 
ATL patient (MYK). Blotting analysis showed that these | 
leukaemic cells also contained only one copy of the provirus- j- 
genome. The unique cellular flanking sequence in patient MYK | 
was subcloned and used as.a probe in the same way as described 
above. This probe (probe. d) detected an.8-kb fragment in the 


HindIII digest of normal cellular DNA and a 10.5-kb rearranged 




















7 3 gements of cellular fragment in the digest of DNA from patient MYK (data not 
DNA sequences by provirus integration. By using specified — baomer 


shown). Again, probe d did not detect any rearranged fragment 

























Table 1 Distribution of probes a and d in somatic cell hybrids 


tt a a a a a 








Probes 
a d Chromosomes determined by enzyme markers 
Cell hybrids (KKT) (MYK) | 2 3 4 5 6 7 8 9 10 il 12 13 l4 I5 i6 17 18 19 20 21 22 X" 
ICL-15 ~ + M oe TSO OORO Ma a a oe SR A a e e e oa e e a a a e a 
WIL-14 E + WOS E e a oao e e e o e e a G e e e e aa a e a 
WIL-6 + + eC ns OO E e A e e oe ak. ge oe ake e E ee, e 
WIL-5 = + Opoo O e E e e e ae e e al e a e a e a a a a 
WIL-2 i + RP ee a 2 e ao ee ei o n a o 
WIL- I = + + MO OOE e eh gE o ae e e e e e e e a ae e aak 
ATR-15 + - + Tot os e e E e a e ee a 
ATR-13 + +W 4 es a a a a E a a ae ee ee rE 
ATR-1I1 + ~ + Pot E o e k e p o o e e a o e o oe a 
NSL-9 m + O O Oo e e e O e e E a e oe e e e e a ee oe aes en 
TSL-2 — + O a o e e oa e o a e o a e e ai e e o a e 
XER-7 + = Topo E oe e Os e e e d e e e e a e e o e a A 
EXR-5 CSAz + = EO oe a e oo e e os a e e ae e e e e a e 
% Discordancy for a 23 23 15 23 23 31 O 38 54 38 38 54 54 15 3] 46 77 46 15 62 62 38 31 
% Discordancy for d 85 69 77 69 69 62 77 38 69 38 69 54 69 62 62 62 0 62 77 46 31 85 46 





Probe a (KKT), A in Fig. 3; probe d (MYK), B in Fig. 3. % Discordancy indicates the frequency that probes do not co-segregate with a specific 
human chromosome. Human chromosomes were determined by analysing each cell hybrid for enzyme markers encoded on each human chromosome 
as described previously*'. +W, weak band. | 

* Chromosome Y is not involved as human female parental cells were used. 
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Fig.1 Analysis of provirus integration-sites in leukaemic cells from ATL patients using probes of cellular flanking sequences. A, Clones GLI, 
GL2 and GL3 of cellular DNA adjacent to the provirus genome integrated into leukaemia cells of a patient (KKT) were isolated from a human 
gene library using probe a and then probe c, and the restriction map was constructed. Probes a, b and c were separately subcloned into pBR322. 
T, EcoRI; ?, HindIll; Y, Sstl. B, DNA samples from fresh leukaemic cells of independent ATL patients were digested with Sstl, fractionated 
in 0.8% agarose gel and transferred to a nitrocellulose filter. The filter was hybridized with **P-labelled probe a. Lane KKT is DNA from which 
the original provirus clone AATK-1 was isolated, and other lanes are DNAs from other ATL patients. A indicates normal fragments detected 
by probe a. The fragment rearranged by provirus integration is indicated by an arrow. C, The filter used in B was washed in boiling water for 

10 min and used for a second hybridization with **P-labelled HTLV representative probe. | T 
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Fig. 2 Analysis of provirus integration sites in DNA of leukaemic cells from ATL patients with a second independent cellular flanking 

sequence. a, The filter was hybridized with *’P-labelled probe d. b, The same filter was hybridized with *’P-labelled HTLV as representative 

probe. Molecular clone AATY was obtained from an Sst] digest of DNA from another ATL patient (MYK) according to the methods reported 

previously’. The unique cellular sequence adjacent to 3’ of the provirus was subcloned from the Hpall digest of AATY into pBR322 and used 
as probe d. DNA samples from ATL patients were digested with HindIII and analysed as in Fig. 1. 
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Fig. 3 Distribution of cellular sequences flanking adjacent 
integrated proviruses among human-mouse somatic hybrid cells 
containing different sets of human chromosomes (see Table 1). 
Hybridization of **P-labelled probes a (panel a) and d (panel b) 
to EcoRI-digested DNA from somatic cell hybrids (lanes 1-13), 
mouse (lane 14) and human (lane 15) cultured cells’*”* after DNA 
fragments had been separated by electrophoresis and transferred 
to nitrocellulose filter. Probe a hybridizes to a 4.3-kb fragment and 
probe d hybridizes to a 20-kb fragment but neither hybridizes to 
mouse in these conditions. Cell hybrid DNAs either contain the 
human sequence (+) or do not (—), depending on the human 
chromosome composition of the hybrid cells. In panel a, probe 
a-positive hybrids are in lanes 2, 3, 7 (weak), 8, 9, 12 and 13. In 
panel b, probe d-positive hybrids are in lanes 1—6, 8, 10 and 11. 
The human chromosome constitution of the hybrids is listed in 
Table 1; the hybrids are listed in the same order as in the figure. 


in 17 ATL cases (Fig. 2). In the EcoRI digests of 12 cases of 
ATL, probe d detected a 20-kb fragment covering a much wider 
region than the 8-kb fragment in HindIII digests, but again no 
rearranged fragments were found (data not shown). These results 
also support the findings with probes a, b and c described above 
(Fig. 1). 

The above conclusion is consistent with reported restriction 
patterns of provirus DNA in leukaemic cells from 78 ATL 
patients''-'», Thus, the provirus integration of HTLV into ATL 
cells seems to differ from that in tumours induced by avian 
leukosis virus'*'® or mouse mammary tumour virus'?”°, which 
possess one or several common loci for provirus integration. 

However, it is possible that the provirus integrates into many 
chromosomal sites on the same chromosome. To test this possi- 
bility, we analysed the specificity of provirus integration at the 
chromosomal level by using the somatic cell hybrid strategy for 
mapping human genes on specific chromosomes”. Human x 
mouse somatic cell hybrids characterized for their human 
chromosomal content were analysed for probes a and d. DNA 
was extracted from these hybrid cells and separately analysed 
by the two probes on the same filter (Fig. 3). The chromosomes 
in which the proviruses are integrated segregated independently 


in cell hybrids (Table 1), demonstrating that integration occurs 
on different chromosomes. Analysis of the distribution of the 
probes in the cell hybrids tested in Fig. 3 demonstrates that 
probe a co-segregated with chromosome 7 and probe d co- 
segregated with chromosome 17 (Table 1). With the small num- 
ber of cell hybrids tested, the evidence strongly suggests that 
the sequences recognized by probes a and d are located on 
chromosomes 7 and 17, respectively. Results from 15 additional 
hybrids tested similarly, support the chromosome mapping 
evidence in Table 1 (data not shown). 

The absence of chromosomal specificity of the provirus 
integration between two ATL patients is consistent with the 
absence of a common integration site shown by blotting analysis 
of the provirus sequence in leukaemic cells. These data strongly 
suggest that provirus integration in tumour cells occurs at ran- 
dom sites. 

We thank Dr H. Sugano for encouragement throughout this 
work, also Dr S. Hattori for valuable discussion and Ms Y. 
Hirayama, L. Haley, M. Byers and M. Henry for technical- 
assistance. This work was partly supported by a grant-in-aid for 
cancer research from the Ministry of Education, Science and 
Culture in Japan and USPHS grant GM 20454. 


Received 10 January; accepted 19 March 1984. 


l. Poiesz, B. J. et al Proc. natn. Acad. Sci. U.S.A. TT, 7415-7419 (1980). 
2. Reitz, M. S., Poiesz, B. J., Ruscetti, F. W. & Gallo, R. C. Proc. nain, Acad. Sci, U.S.A. 78, 
1887~1981 (1981). 
3. Hinuma, Y. et al Proc. nam, Acad. Sci. U.S.A, T8, 6476-6480 (1981), 
4. Yoshida, M., Miyoshi, L, & Hinuma, Y. Prac. natn. Acad. Sci: U.S.A. 79, 2031-2033 (1982). 
5. Watanabe, T., Seiki, M. & Yoshida, M. Virology 133, 238-241 (1984). 
6. Uchiyama, T., Yodoi, J., Sagawa, K., Takatsuki, K. & Uchina, H. Blood 56, 481-491 (1977). 
7, Tajima, K., Tominaga, S., Kuroishi, T., Shimizu, H. & Suchi, T. Japan. J, clin. Oncoi. 9, 
Suppi., 495-504 (1979). 
8. Blattner, W. A. et al Int. J. Cancer 4, 257~264 (1982). 
9. Seiki, M., Hattori, S. & Yoshida, M. Proc. natn. Acad. Sci. U.S.A, 79, 6899-6902 (1982). 
0. Seiki, M., Hattori, S., Hirayama, Y. & Yoshida, M, Proc. natn. Acad. Sci, U.S.A. 88, 3618-3622 
(1983). 
11. Yoshida, M., Seiki, M., Hattori, S. & Watanabe, T. Human T Cell Leukemia-Lymphoma 
_ viruses (eds Gallo, R. C. et al) (Cold Spring Harbor Laboratory New York, in the press). 
12. Wong-Staal, F. et al Nature 302, 626-628 (1983). | 
13. Yoshida, M., Seiki, M., Yamaguchi, K. & Takatsuki, K. Prac. natn. Acad, Sci. USA. BIL, 
2534-2537 (1984). 


14. Neel, B. G., Hayward, W. S., Robinson, H. L., Fang, J. & Astrin, S. M. Cell 23, 323-334 (1981). 
15. Payne, G. S., Bishop, J. M. & Varmus, H. E. Nature 295, 209-213 (1982). E 
i6. Fung, Y. T., Lewis, W. G., Crittenden, L. B. & Kung, H. J. Cel 33, 357-368 (1983). 
i7. Hahn, B. et al Nature 303, 253-256 (1983). 

18. Hahn, B. ef al Nature 305, 340 (1983). 

19. Nusse, R. & Varmus, H. E. Cell 31, 99-109 (1982). 

20. Peters, G., Brookes, S., Smith, R. & Dickson, C. Cell 33, 369-377 (1983). 

21. Shows, T. B., Sakaguchi, A. Y. & Nayior, S. L. Adv. hum, Genet. 12, 341 (1982). 

22. Naylor, S. L. et al J. exp. Med, 187, 1020-1027 (1983). 

Naylor, S. L. ef al. Proc. nam. Acad. Sci. U.S.A, 80, 2686-2689 (1983). 

24. Naylor, S. L, et al Somatic Cell Genet. 9, 609-616 (1983). 





nN 
w 











Editor: B. Buc hberger C Austria) | 


Associate Editors: wW. Bibel ( Federal Republic of Germar y), 7 
J. Cannon (USA), B. F. Caviness (USA), K. Fuchi (Japan), G. Huet : 
(France), R. Loos (Federal Republic of Germany), Z. Manna (USA), J. 

Nievergelt (Switzerland), D. Yun (USA), J.H. Davenport (UK). | 

... in cooperation with a distinguished international editorial board. i 






The Journal of Symbolic Computation will publish original articles on all aspects fas 
of the algorithmic treatment of symbolic objects (terms, formulae, prograr ms, alge 
and geometrical objects). The emphasis will be on the mathematical four dation, 
correctness and complexity of new sequential and parallel algorithms for symbolic 
computation. However, the description of working software systems for symbolic k : n i 
computation and of general new design principles for symbolic so reS, and 
application 1s of s ach systems for advanced problem solving are als 9 within 









the scopes of me 











e treated in the journal are: Se 
egration, symbolic summation, symbolic solution of « differential equations and 
oblems in analysis è term simplification è arithmetic in basic and higher pa 
omains è symbolic solution of equations and systems. of equations e 
nal group theory è computational number theory è computational problems in 
J ative and other algebras è algorithmic combinatorics è algorithmic geometry ® 
comp ‘ional aspects of algebraic geometry ® algorithms in coding theory and 
cryptography © interface between symbolic and numerical algorithms ® universal 
automated theorem proving è unification è automated theorem proving in special theories 
è automated proof checking ® automatic program synthesis @ automatic p program 
transformation è automatic program verification € symbolic execution of programs e 
algorithmic treatment of abstract data type specifications © interpreters for high-level | 
programs (fun ctional p programs, rewrite rule programs, logic programs) e design issues of | 
software systems fo for sy: nbolic computation. + descriptions of working software ; systems . 
descriptions of typical Systems applications . symbolic computation and math teaching — 




















In. econ. $o o original p papers, the journal will regularly publish invited tutorial 
subareas of symtk me computation and on recent research trends. 


ce ‘gu Submissio sc ripte: : | a | 
Please submit in triplicate to: B. Buchberger, Journal of Sy. abolic o Computation, 
-S 7 Jc Annes: Kepler: Universit A4040 Linz, Austria. 










ASTRONOMY 
Fundamentals and Frontiers, 4th Edition 


by R. Jastrow, Dartmouth College, and M.H. Thompson, Dalton 
Schools, New York, NY, 


This is a thorough revision of the established text for a first 
course in astronomy, providing a highly readable, authoritative 
and pedagogically proven blend of contemporary information 
and imaginative illustrations on astronomy. New to this edition 
is up-to-date coverage of galaxies and interstellar matter, and an 
essay on the history of astronomy. 


March 1984 
0471 89700 0 


576 pages 
£25.40 


GALACTIC X-RAY SOURCES 


edited by P.W. Sanford, Department of Physics and Astronomy, 
University College, London, Mullard Space Science Laboratory; 
P, Laskarides, Department of Astronomy, University of Athens, 
and j. Salton, Department of Physics and Astronomy, University 
College, London, Mullard Space Science Laboratory 


This book is a comprehensive introduction to galactic x-ray 
sources and assumes little previous knowledge of the subject, 
which is now seen as an integral part of modern astronomy. His 
based upon the material presented at an Advanced Study 
Institute sponsored by NATO, which was held at Cape Sounion 
in Greece and was an attempt to exchange ideas and form 
bridges between specialists and young astronomers, 


April 1982 
0471 27963 3 


468 pages 
£27.00 


: hn PET ; 





Baffins Lan 





BLACK HOLES, WHITE DWARFS, AND 


NEUTRON STARS 
The Physics of Compact Objects 
by S.L. Shapiro and S.A. Teukolsky, both of Corneli University 


A self-contained investigation of the physics of compact objects 
{neutron stars, black holes, white dwarfs), presenting the latest 
observations and theoretical developments. It introduces the 
necessary concepts and mathematical tools and analyzes the 
physical properties of the star in the “ground” state, and when 
subjected to “perturbations” it provides one-dimensional 
analytic model calculations. Includes over 250 problems and 
answers to exercises plus computer problems. 
luly 1983 

0471 87317 9 

0471 87316 0 


THE PHYSICS OF STARS 
by S.A. Kaplan, formerly of the Department of Physical and 
Mathematical Sciences, Gorky University, USSR 
Translated by R. Feldman, Nice Observatory, France 
December 1982 

0471 10327 6 


The Structure and Development of our Star System 
by L. Kuhn, Astronomical Institute of the Ruhr University, 


666 pages 
{cloth} £44.30 
(paper) £20.45 


166 pages 
£15.75 





- Bochum, Federal Republic of Germany 


November 1982 
0471 10277 6 


160 pages 
£15.00 


PO19 1UD - England 


Circle No. ion Reader Service Card. 


NATURE VOL. 309 14 JUNE 1984 


BOOK REVIEWS 


Father, mother and son 





Peter Kemp 


H.G. Wells: Aspects of a Life. By Anthony West. 
Random House/Hutchinson: 1984. Pp.405. $22.95, £12.95. 


x 


| 


Alife get obscured — especially the 





H.G. Wells: Aspects of a Life opens bizar- 
rely not with the birth of its subject but the 
birth of the biographer — Anthony West, 
Wells’s illegitimate son. At first startling, 
this emerges as rather appropriate, since, 
for most of the book, West’s technique is 
to superimpose his own situation upon his 
subject-matter. Ultimately, it comes to 
seem, the aspects of a life being il- 
luminated here are not so much 
Wells’s but West’s. 

Even structurally, the book 
throws West into unexpected 
prominence — not only starting 
with his birth but ending at the 
moment when he resolved to 
write his father’s life. The way he 
has gone about this is idio- 
syncratic, too. Most attention is 
devoted to the numerous women 
with whom Wells was involved, 
West’s mother — the writer 
Rebecca West — attracting a par- 
ticularly long and loathing com- 
mentary. Savage disparagement 
is further lavished on literary 
figures whose paths crossed 
Wells’s, especially Henry James, 
George Bernard Shaw and 
George Gissing. 

West’s unusual handling of his 
material means that the real 
shape and substance of Wells’s 


trajectory he followed from a 
dismally disadvantaged 
background to fame as a novelist 
then descent into the role of wor- 
dy opiner on world affairs. Fuell- 


impulse stayed with him: didactic hypo- 
theses are fruitfully yoked to imaginative 
excitements in the early scientific romances 
— The Time Machine, The Island of Doc- 
tor Moreau, The Invisible Man, The War 
of the Worlds, The First Men in the Moon 
and so on — that established him as an 
intriguingly new kind of creative figure. 


Pied j 


3 


S 











most impressed by the later Wells — ‘‘a 
world figure whose name was known 
wherever books were printed and news- 
papers were sold’’, “a very big man 
indeed’’. 

Besides beating the drum for this strut- 
ting public figure, West is concerned with 
putting an attractive gloss on Wells’s 
private affairs. It is here that his book 
becomes most extraordinarily personal. 
The idea of writing his father’s life came to 
him, West reveals, when he was brooding 
over the fact that someone seemed to have 
lied to Wells about him, alleging that he 
belonged to a pro-Nazi conspiracy. Appall- 
ed at ‘‘The wilful interpolation of a piece of 
fiction into the facts of my life’’, West was 
struck with horror at the thought 
that just such another 
“nightmare cobweb of lies” 
might be draped across Wells’s 
biography. Accordingly, he 
resolved ‘‘to devote the necessary 
time and effort required to keep- 
ing the record of what my father 
had been, and of what he stood 
for, more or less straight’’. 

Crooked records are an idée 
fixe in this book. West finds doc- 
tored documents everywhere. His 
grandmother apparently con- 
cocted an “‘appalling fabricated 
diary’’. His mother, he claims, 
bequeathed to posterity a 
trumped-up tissue of falsifica- 
tions about her relationship with 
Wells — drafts or summaries of 
letters that never existed, in- 
vented incidents, fake quota- 
tions. Another woman novelist 
who became Wells’s mistress, 
Dorothy Richardson, is likewise 
$ sourly indicted of compulsive 
s mendacity about their affair. 
> Even a male friend of Wells’s, the 
# novelist George Gissing, gets de- 
nounced as a ‘‘veiled and 
secretive fraud’’, an obsessive 
‘“‘fabulist” for whom “‘the trans- 


ing that progress was fierce 
energy. Born to parents just sub- 
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formation of the truth was the 





















From H.G. Wells: Aspec: 








sisting in a floundering little = ` 3 =.= AA 4 name of the game’’. 
i rE i at oe OI Se Sis All of this needs viewi - 
shop, Wells seemed destined Huxley’s student — H.G. Wells at the Normal School in South Kensington oe 


like his brothers — to life as a 
draper’s assistant. What saved him was 
science. Angrily and admirably elbowing 
his way to an education, he eventually won 
a scholarship to the Normal School of 
Science. Here, he was taught by T.H. Hux- 
ley — who influenced him in two crucial 
ways. He instilled into him the importance 
of taking a biological view of life: 
something that gives Wells’s writings — 
despite their surface diversity: fiction, 
Utopias, encyclopaedias, biography, auto- 

iography, polemic and propaganda — an 


‘essential unity. And his career showed 


Wells what might be achieved by 
pugnacious advocacy of scientific training. 

Initially, Wells’s educational impulse 
took him into school-teaching. Ill health 
ended this. But, when he began writing, the 


Strangely, when it comes to conveying 
the nature of Wells’s achievement, West 
concentrates on his inferior, post-1914 
writing. Preferring the journalist to the 
novelist, he lauds the bombastic and 
ephemeral newspaper work turned out — 
indeed, churned out — when Wells was 
straining to establish himself as a kind of 
global guru. Given more perfunctory treat- 
ment is the period of real brilliance in 
Wells’s career — his first two decades as an 
author: when he turned the dreary and 
debilitating events of his early life into 
bracingly resilient comic fiction, and chan- 
nelled the intellectual energies generated by 
his studies with T.H. Huxley into power- 
ful, pulsing science fiction. Confusing 
notoriety with notability, West appears 


` tically. It is, it transpires, a habit 
of West’s to assail people for doing what he 
does himself: at one point, with the shatter- 
ing imprudence of the stone-thrower in the 
glass-house, he even lobs abuse at someone 
for ‘‘producing studies of the lives of dead 
writers’’. Regularly, he protests about the 
snobbery often shown towards Wells — 
while at the same time indulging himself in 
a very socially sniffy tone, turning up his 
nose at “‘provincials who lived in a provin- 
cial backwater”, ‘‘second-raters”’ in ‘‘the 
obscurer colleges of the older 
universities’’, and Dorothy Richardson’s 
“not very dazzling receptionist’s job”, 
Constantly, people are rapped over the 
knuckles for taking hearsay on trust. Yet 
this is West’s habitual procedure: most of 
his story of Gissing’s relations with his se- 
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cond wife, Edith, for instance, consists of 
West’s account of Wells’s account of a 
doctor’s account of Gissing’s account of 
his dealings with Edith — the resulting 
hodge-podge being, unsurprisingly, 
grotesquely at variance with Gissing’s 
direct record of events in his diary. Quota- 
tions from Gissing’s letters are scrambled 
too — up to five distortions in six lines — 
giving a misleadingly unpleasant slant to 
things: he’s made to refer to his son as “it” 
not “he”, his wife as ‘the woman” not 
“the poor woman’’. | 

What seems to be happening here is that 
facts about Gissing’s life are being slid 
around until they fall into a pattern fitting 


_West’s preoccupations. Ferociously, West 


clamps the complex of feelings stemming 


from his lonely and divided childhood | 


< around other people. In his Experiment in 
= Autobiography, for instance, Wells re- 
~ counts how asa boy, when tossed playfully 


- into the air by a youth teasing him with 
oO Whose little kid are you?’’, he fell and | 
broke hisleg. This was, he observes, actual- _ 

ly a lucky break: confined to bed and plied |- 


with delicacies and books by the youth’s 


- mother, he acquired that appetite for | 
- reading and knowledge that, via his ex- 
 hilarating educational experiences study- 
ing biology with Huxley, eventually | 


launched his career: ‘‘Probably I am alive 
to-day and writing this autobiography 
instead of being a worn-out, dismissed and 
already dead shop-assistant, because my 
leg was broken’’. West’s interpretation of 
events is strikingly different: the youth, he 
believes, ‘‘had really put him on the spot 
with his question: Whose little kid was he, 
his father’s or his mother’s?’’; he “chad been 


asking him to take sides” and ‘‘The pro- _ 


bability is that he had been trying to blurt 
out his father’s name when he was drop- 
ped’’, so ‘‘It must have seemed as if he had 
been punished for wanting to be his 
father’s boy”. 

There is, in fact, nothing in Wells’s ac- 
count to warrant the assertion that he was 
being asked which parent he preferred, or 
that he ‘‘had been terribly torn between be- 
ing his mother’s boy or his father’s’. West, 
however, has spent his life caught in the 
tensions of such a pull — as his novel 
Heritage about his filial fight against 
Rebecca West makes only too clear. His 
new book seems one more round in the 
psychic tug-of-war between what he calls in 
a sadly revealing phrase ‘‘the father of my 
dreams’’, and the mother whose accounts 
of other people ‘‘however sharply detailed 
and however plausible in their trompe l'oeil 
literalness, are expressive of her states of 
feeling rather than descriptions of actual 

occurrences’’. Ironically, on the 
evidence presented here, West establishes 
himself not so much as his father’s cham- 
pion as his mother’s son. 0 


Peter Kemp is Senior Lecturer in English at the. | 


"Middlesex Polytechnic, London, and author of | 
<o H.G. Wells and the Culminating Ape (Mac- 


millan, London, 1982). 
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THE study of chemical processes in natural 
waters tends to be pursued in compart- 
ments — oceans, lakes, rivers, ground- 
waters and so on. One reason for this liesin 
the large differences between such environ- 
ments regarding the spatial and temporal 
frameworks within which geochemical 
processes can operate. Another is the 
contrast in ionic strength between saline 
and fresh waters, which to some extent 
imposes different strategies upon the appli- 
cation of both analytical techniques and 
physicochemical concepts. 


Nevertheless, underlying the diversity of © 
geochemical phenomena in natural aquatic. 
systems is a limited number of physico- | 
chemical processes which also underlie the | 
chemical behaviour of constituents in 


treated waters and aqueous wastes. 


Professor Morel’s textbook is the latest — 


of several which have presented the chem- 
istry of natural aquatic environments in 
the context of basic physicochemical 


principles. The first three chapters give a 


concise and clearly developed introduction 


to solution chemistry. The subsequent 


treatment of natural water chemistry is 
organized along lines dictated by the main 
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types of reactions which have to be con- 
sidered: acid-base chemistry, solubility 


| equilibria, complexation, redox chemistry 


and surface chemistry. The tone is firmly 
didactic and numerical examples are widely: 
used. Any such approach must be rooted 
equilibrium systems but the importance of 
kinetic factors in determining what 
happens in the environment receives 
appropriate emphasis. The dominance of 
inorganic topics largely reflects the 
relatively backward status of attempts to 
apply physicochemical concepts to the 
behaviour of organic compounds in 
natural waters. 

The author says that sometimes he has 
used “‘a cumbersomely detailed algebraic 
and numerical development” but this will 
be considered an advantage by many 
students trying to make the transition from 
description to a more rigorous approach. 
They will be assisted also by the frequency 
with which the text turns to the processes as 





l they operate in nature, topical matters suc. ae 
as photochemistry and hydrothermal pro- ^ 


cesses at ridge-spreading centres being 


included. 


The material covered is inevitably similar 
to that dealt with in the well-established 


text by Stumm and Morgan, also published 


by Wiley, which went into a new edition in 
1981, The present book has its own virtues, 
however, and should join Aquatic 
Chemistry on the desks of workers in the 
field. It is to be hoped that a cheaper 
edition may soon make it more accessible 
tostudents.. O 





J.D. Burton is Reader in Chemical Ocean- 
ography at the University of Southampton. 
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Yeast Genetics: Fundamental and A 
Applied Aspects. 
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IN 1970, Dr G.R. Fink offered the advice 


that ‘‘biochemists as well as geneticists | 
should use only S288C or ‘isogenic’ | 


Saccharomyces strains in their investi- 
gations. Regrettably, this has not been the 
rule in the past’’. True, the principal yeast 
of industrial importance is S. cerevisiae. 
However, there are over 400 yeast strains, 
harbouring a vast reso of genes 
encoding enzymes th: 






classical and modern genetics. | 
J.F.T. Spencer and his colleagues have 


assembled a book on the principle that | ini 


“the methods of yeast genetics have many 


things to offer the breeder of industrial 


| topics ranging from gene conversion to the 


ymes that carry out a variety | 
_ of chemical transformations. What is very | 
much needed is the comparative genetic |- 
and biochemical characterization of some | _ 
of the more versatile strains, making use of | 





yeast strains’’. Thus, there are chapters or 


breeding of brewing strains. While some 
subjects, such as gene conversion (dealt 
with here by Fogel, Mortimer and Lusnak) 
are handled in exquisite detail, others, 
nucleic acid relatedness among yeasts 
(Kurtzman, Phaff and Meyer), for 


example, are covered in a broad-based 


manner, bringing together a great deal of 
information that is otherwise hard to come 


In addition to those subjects already 
mentioned which are ‘‘concerned with the 
nuclear yeast genome’’, there are chapters 
on the yeast cell division cycle (Carter, 
Piggott and Walton), meiosis and 
sporulation (Dawes), and radiation 
sensitivity and repair (Game). Particularly 
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yeast killer toxins (Mitchell and Bevans) 
encoded by duplex RNA. The extensive 
discussion of yeast mitochondria in the 
book could be justified by an as yet ill- 
defined role of these organelles in affecting 
'Hocculation, sporulation and gemination 
-as well as sugar fermentation. 

The industrial aspects of yeast are 
covered in contributions dealing with 
protoplast fusion (Freeman and Peberdy), 
genetics of wine yeasts (Snow), 
flocculation (Johnson and Reader) and in 
an excellent article by Kielland-Brandt and 
co-workers on genetic approaches 






(principally their own) to brewing yeast | 


improvement. These chapters reiterate the 


message that the genetic analysis of | 
industrial yeasts suffers from their poor- 
mating ability, poor sporulation and poor — 
spore viability. Snow’s article briefly | 


introduces an approach that is sure to be 


exploited, namely, the introduction of a | 


heterologous gene (in this case the bacterial 
„Lactobacillus gene encoding the 


end the recent introduction of bacterial 
genes into yeast is notable, for example the 
gene from Escherichia coli coding for 
xylose isomerase which provides an 
important step in the hydrolysis of the 
plentiful supply of xylans. 

Finally, the volume includes a chapter by 
Rank and Robertson on the composition of 
yeast plasma membranes (somewhat out of 
place in this book) and a broad review of 
yeast carbohydrate metabolism by Steward 
and Russell. What is missing isa chapter on 


recombinant DNA technology and sections | 


with more information on excretion of 
extracellular enzymes and proteins. | 

The contributors are principally 
; European with a sprinkling from North 
b America. References are mainly up to 
‘1981, with a few reaching into 1982. 
Although it is apparent that the genetics of 
industrial yeast: t beginning, the 
chapters dealing n do bring us up 
to date on whe often reviewing 
:most molecular 
ws: maybe some 
‘the S288C of 
| m 
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industrial yeas 
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chemistry at the Albert Einstein College of 
Medicine, New York. 





Second editions 
© Volume H, Animals, of T.W. Goodwin’s 
The Biochemistry of the Carotenoids. 
(Publisher i is Chapman & Hall/Methuen; pa 
is £25, $50.) The second edition of Vol, 
Plants, was reviewed in Nature 293, 494: S. 
: © Macromolecules, Vol. 


£73.15.) The new English-language edition i isa 


translation of the German fourth edition. The |- 
,| glorious field of plasma physics to its 


oe ` maturity, but all of that science does not 
| necessarily carry us into the world of 







original English edition was reviewed i 
270, 546; 1977. 


malolactate enzyme) into yeast to modify | 
~~” or increase alcoholic fermentation. To this 


Julius Manin i is in the Department of Bio- 


1 Structure and 
«Properties and Vol. 2 Synthesis, Materials, and | 
echnology, by Hans-Georg Elias. (Publisher i is 
Plenum; prices are Vol. 1 $65, £50, Vol. 2 $95, 





BOOK REVIEWS 
Junior prometheans 


David J. Rose 


The Man-Made Sun: The Quest for 
Fusion Power. 

By T.A. Heppenheimer. 

Little, Brown: 1984. Pp.347. $19.95. 








IN King Arthur’s legendary domain, the 
Knights of the Round Table slew dragons 


and rescued fair maidens; only the pure of 


heart could hope to glimpse the Holy Grail. 
Heppenheimer likens the quest for control- 
led fusion to such an enterprise, but one 
pursued by more fallible human beings. In 
a gossipy book, he takes us through many 
activities and events, mainly in the United 
States, telling his story as a sort of passion 
play, even to the extent of including alist of 
42 dramatis personae. It is an unbalanced 
work, divided into 12 relatively separate 


acts which are often named imaginatively | 


(‘‘Plasmas on the Potomac’’) but some- 
times not so neatly (‘‘Arms and the Man’’). 
This is a nuisance for the reader, because 
each chapter has no breaks or subheadings 
of any kind, and nothing much in the way 
of a summary. An index is included, but no 
table of contents. Thus it is a hard book to 
read seriously, despite the conversational 
style. 

Behind the apparent and sometimes real 
clash of personalities described by 
Heppenheimer, there were fundamental 
differences about how controlled fusion 
research should be done. Consider the 
course of events in Washington between 
1980 and 1982 (“The Face Off’’), leading 
to the resignation of Edwin Kintner, 
Director of the Office of Magnetic Fusion 
Energy, which was apparently triggered by 
the Office of Management and Budget’s 
insistence that $42 million — about 10% of 
the annual budget — should be shifted 
from new construction to operations. 
Although he fails to dig out all of the 


details, Heppenheimer gets the story | 


mostly right — that the background issue 


was whether the time had come for pro- 


ceeding more rapidly with larger test 
devices (Kintner’s view), or whether then- 
current programmes should be better sup- 
ported, to lay a stronger foundation for 
whatever might come (OMB’s view). 

A passionate argument lay behind this 
affair, which Heppenheimer did not fully 
uncover in his discussions with any of his 57 
interviewees. It was this: what constitutes 


appropriate science and engineering in the | 


daunting task of confining a nuclear fire 


with purely ethereal bonds, and getting 
cheap power out of it. Programmes and 
- budgets refer to milestones, but the only | 
accurate ones are on the road behind: no 


one knows how many lie ahead or where 
the end will be. 
The search for fusion brought the whole 








sans 





application. The research devices of today, 
marvels of engineering in their own right, 
may not be practicable when scaled up: can 
the grams of tritium fuel be regenerated 
and recovered from tons of (probably 
solid) moderator? Will the vast vacuum 
wall, thinner in proportion than an egg- 
shell, survive under neutron irradiation 
more intense than that in the core of a 
fission reactor, without leaks, for years? 
The structure will be radioactive and 
require remote maintenance more complex 
than do fission reactors. Other engineering 
difficulties exist, just as severe. At the end 
of it all, are fusion reactors likely to be 
made at a competitive price? 

A characteristic of the whole fusion 
programme has been its dominance by the 
plasma physicists. But the quest for fusion 
power involves much more than science 
alone, and both workers and patrons came 
to expect foo much, too easily, too soon. 
Robert Hirsch, Director of US Magnetic 
Fusion from 1972 to 1976 (to whom 
Heppenheimer devotes an entire chapter), 
managed to increase the budget from 
$20-25 million to twenty times that 
amount, matching the scale of work to the 
task much better than before. But Hirsch 
left an unwelcome legacy — time-tables for 
the development of fusion reactors that 
presumed a state of scientific and 
engineering knowledge that just did not 
exist. 

Kintner’s agony had its roots in much the 
same sort of optimism. “He advocated a 
series of a ft aa fer. exper ts 
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r ors are essential af 
ommitted to a 


es two chapters o i 
ith the late Keeve = 


and his chief s tific associate, Keith 
Brueckner. In aser approach, a sub- 
millimetre pellet ontaining a deuterium- 
tritium mixture is subjected to a huge laser 
pulse that blows off the outer layers of the 
pellet, compresses it and heats it to fusion 
temperature. That scheme is related to how 
an H-bomb works. The somewhat delicate 
point arose whether Brueckner, who had 
some access to the technology, was using 
government-financed classified research 
for private commercial advantage. Apart 
from covering such tittle-tattle, Heppen- 
heimer discusses this whole approach to 
fusion optimistically, an attitude that 
might find its explanation in the list of 
enthusiasts he interviewed. _ 

This kind of star-wars view of fusion 
energy (and perhaps of fusion research in 
general) seems to me to lose sight of the 


original as to provide a rather mundane ee Rs 





Some. : ‘i engineering. Wisdom. comes from ones 


saibi, of fusion — 





der of KMS Fusion 





but essential service — energy — in as 
simple ways as are consistent with 
economic, environmental and social goals. 
Continuing experimental and analytical 
studies of laser fusion seem to be raising the 
technological ante for success faster than 
budgets, technology, and perhaps even 
science, can cope. 

As to the characters and events them- 
selves, Heppenheimer sometimes tells us 
too much — nine pages on a fight about 
whether an advance in achieved plasma 
energy was to be publicized, for instance. 
Are we really so interested in the appear- 
ance of the last part of Sir Galahad’s horse 
to leave the stable? But in his last chapter, 
and occasionally elsewhere, Heppen- 
heimer catches the spirit that inspired 
the pioneers in this enterprise. They were 
among the most brilliant of scientists, both 
in the United States and elsewhere, and did 
what they did because it was, in some deep 
way, a good thing for society to do. Some 
of that spirit still exists; without it, the 
quest will surely fail. a 





David J. Rose is a Professor of Nuclear 
Engineering at the Massachusetts Institute of 
Technology. 





New journals review 





On 27 September Nature will publish the 
fourth annual review supplement devoted to 
science journals. 

Criteria for inclusion of a journal in the 1984 
issue are that: 


(i) the first number appeared, or the 
journal was retitled, between June 1982 and 
May 1983 (the second cut-off date allows at least 
three issues of a journal to have been published, 
the minimum number on which a reasonable 
judgement can be based); 

(ii) it is published at least three times a 
year; 

(iii) the main language used is English. 

Publishers and learned societies are invited to 
send four different issues of each suitable 
periodical, including the first and most recent 
numbers (if from outside the United Kingdom, 
by air mail) to: The Review Editor, Nature, 4 
Little Essex Street, London WC2R 3LF, 
England. Subscription details, if possible for 
both 1984 and 1985, should be included, 


BOOK REVIEWS 


A different sort of 
Darwinism 
J. H. Brooke 


Darwin and the Spirit of Man. 
By Alister Hardy. 
Collins: 1984. Pp.245. £9.95. 











Sir Alister Hardy is prominent among 
those who have argued for ‘‘Darwinism 
with a difference”. Whilst acknowledging 
the creative powers of natural selection, he 
enshrines innovative behaviour as a dis- 
tinctive selective force. His argument is 
that a learnt and beneficial habit can be 
instrumental in structural selection by 
favouring subsequent genetic change 
which might reinforce the behavioural 
novelty. In the approved words of R.F. 
Ewer: “behaviour will tend to be always 
one jump ahead of structure and so play a 
decisive role in the evolutionary process”. 

From such a possibility, Sir Alister 
advances the claim that behavioural 
selection has been one of the ‘‘major 
factors” in the evolution of birds and 
mammals. His sights are set on what he 
considers an ‘‘intellectual scandal’? — the 
notion that Darwinian evolution can only 
be construed in materialist and reductionist 
terms. Using results from his Religious 
Experience Research Unit, his aim is to 
present an alternative synthesis which does 
justice both to the integrity of biological 
explanation and the reality of religious 
experience. So urgent a purpose in so dis- 
tinguished a figure deserves serious con- 
sideration. 

Informal in style, almost evangelistic in 
tone, the exposition strives for intellectual 
unity ina manner which strikes one as more 
impressionistic than formally rigorous. 
Even non-specialists may be perplexed by 
the way Sir Alister structures his 
alternatives. The reader is asked to choose 
between a chance mutation or a new habit 
as the instigator of adaptive change. Sir 
Alister’s heart is with the latter, elevating 
the conscious, explorative and perceptive 
aspects of animal behaviour. But may not 
the choice itself be misleading? If a bird 
learns a new trick, even how to raid a 
milk-bottle, the capacity to learn was 
presumably already there in the gene- 
complex, having been encouraged by past 
selection. And if the new behaviour 
continued to be advantageous, it would 
presumably be favoured, again by the 
normal process of selection. Conversely, a 
mechanism whereby genetic change sub- 
sequently reinforced a behavioural 
innovation might invite the objection that 
it could destroy a useful flexibility of 
response. The new habit, if genetically and 
structurally ‘‘fixed’’, might sacrifice ver- 
satility for a precarious short-term gain. 

A constrictive choice is also presented in 
the treatment of consciousness: either an 
extreme reductionism, in which conscious- 
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ness is epiphenomenal; or a form of 
psychophysical dualism, affirmed on 
eminent authority but largely assumed by 
Sir Alister rather than specifically argued 
for. Excluded by this dichotomy would be 
those monistic accounts which treat com 
sciousness as an ‘“‘emergent’’ property, 
associated with a particular degree of 
material organization, but neither 
reducible to it nor the product of an elusive 
spiritual element. It is Sir Alister’s view 
that the spiritual element is not, after all, 
elusive. It exists in all mankind and may be 
discerned in numerous reports describing a 





Sir Alister Hardy — ‘‘ Whilst acknowledging the 
creative powers of natural selection, he 
enshrines innovative behaviour as a distinctive 
selective force’’. 


‘*feeling of receiving help from a power, 
from Divinity, beyond the self’’. 

The perplexity here is that whilst the 
author offers a sensitive classification of 
reported experiences, it is not shown how, 
from reports alone, one can establish any- 
thing further than the point that such feel- 
ings of dependence are common. The 
counterpoise is still that which weighed so 
heavily with the young Charles Darwin as 
he studied the natives of Tierra del Fuego: 
such feelings were apparently not shared 
by, and therefore not essential to, all 
humanity. The further suggestion that this 
sense of drawing upon a power outside the 
self might have become an energizing force 
in human evolution, a ‘‘something that 
gave more courage than [men] had ever had 
before’’, is not without difficulty. Might 
that sense of dependence not just as easily 
encourage passivity as activity? Altern- 
atively, supposing it had gradually been re- 
inforced by its survival value, would that 
really persuade us that man’s spiritual 
nature had any transcendental 
significance? But whatever one’s response 
to Sir Alister’s confessedly personal view, ii 
is stimulating to engage his own burning 
questions. 8 


Uð 


J.H. Brooke is a Senior Lecturer in History of 
Science and Principal of Bowland College, 
University of Lancaster. 
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and provides, in the appendices, solutions to the 
problems found throughout the text. 


edited by Margaret King 
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Parsing natural language involves using a computer 
program to convert an ordinary language like 
English: to. some. abstract representation of its 
syntactic or semantic structure. This task is both an 
intellectual challenge, and a practical necessity as a 
first step towards question-answering, data base 
interrogation and machine translation programs. 
This book compares and contrasts current artificial 
intelligence approaches to parsing, exploring their 
relationships to.contemporary theories in linguistics. 


it provides a thorough introduction to this exciting 


and rapidly developing field. 


- edited by Y. Paker andJ-P. Verjus 


1983, 318pp., 0.12.543970.9 


Specification and analysis of parallelism in distribu- 
ted computing systems is covered in Part One of this 


book. Part Two examines language aspects: Pascal- 
_ i, Path Pascal and Mas > final 
__, concerned with application and implementation and 
_ . includes papers on major research projects such as 
_ CHORUS (including the “actor” concept), MICROSS 
_ {a graphics aided tool for DCS), and an example of 
local area network for industrial applications. 
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This book deals, for the first time, with the whole 


topic. of FORTRAN. optimization, explaining the. . 
relevant hardware and modern compiling techni = 
ques before going systematically through the proce- as 


dures which may be applied to optimize souür 
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compilers used. All IBM and CDC conipile: 
treated in detail. The use of super-comp 
introduced, and the question of program pe 

and the future shape of FORTRAN are co 
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A FEW years from now, the heading on 
these pages will be entirely inappropriate. 
The idea that the use of computers in labor- 
atortes is sufficiently novel to be remarked 
upon will have ceased entirely to be note- 
worthy, just as it would now seem strange 
to assemble a few pages of this journal 
under the heading ‘‘oscilloscopes in the 
laboratory’’. So charitable readers are 
invited to regard the pages that follow asa 
reminder that the present is a transitional 
‘period, one in which it is not yet second 
nature for experimentalists and theorists 
alike to use all the tools now potentially at 
their disposal. 
_ It is also worth remarking that the 
present hectic period during which the 
laboratory computer is being made 
familiar has its roots in a period which long 
predates the development of electronic 
computing machinery. One of the obvious 
illustrations of this truth is in the develop- 
ment early this century by C.T.R. Wilson 
of the cloud chamber, first for stimulating 
processes occurring in the atmosphere, 
later for the recording of cosmic ray par- 
ticles by the trail of droplets produced in a 
supersaturated vapour. The first studies of 
cosmic rays were necessarily made with 
cloud chambers whose expansion (to give 
supersaturation) was carried out at 
andom. But the technique became pro- 
“ductive only when, in the 1920s, cloud 
chambers could be made to record events 
only when the chance of something 
interesting being observed was high. 

The (Geiger) counter-controlled cloud 
chambers of those days are forerunners of 
the computer-controlled experimental rigs 
that are now commonplace in many 
important ways, but not least because they 
stimulated the development (with 
thermionic valves ‘or tubes) of the logic 
circuits now embodied by the thousands in 
microprocessors. Over- half a century, the 
practice of particle physics has been in- 
extricably bound up with the development 
of electronic techniques for making sure 
that observations are made only when it is 


es - profitable to do so. And while the tech- 
oe niques have now spread to a host of other 
= fields in which the objective is to record | 








t nsitory phenomena, accelerator physics 
mains the citadel of the selfconscio 






: field, ‘where ihe value ar 
automatic data. anal 


practice. of selecting from a mass of | 
r accepted, 


Hy ne Sains pice ae those . 










COMPUTERS IN THE LABORATORY 


utomation is just beginning 


The laboratory application of computers is being extended rapidly, but there is some way to go before 
the penetration of these machines is as complete as, say, that of the Bunsen burner. 


way most likely to be productive — by the | 
avoidance of unwanted data. This is the | 
spirit in which, in many biological appli- | 
cations (and more generally), it is possible | 
to record data only for as long as necessary | 


to provide some predetermined degree of 
statistical certainty. The prerequisite of 


such procedures is that there should be a | 


computing facility ‘‘on-line’’ with the 
data-gathering equipment, carrying out an 
analysis as the experiments proceeds. 
Again, inevitably, the accelerator people 
have blazed a trail which everybody will 
soon be compelled to follow. For the 
collection of needless data is not merely 
inelegant but an encumbrance, a dis- 
traction. Even now, however, the point is 
not sufficiently forcefully made in teaching 
laboratories. 

The notion that computers in one form 
or another have an important part to play 
in the collection (‘‘logging’’) and analysis 
of data is, by comparison, more readily 
accepted. What seems to be less widely 
appreciated is that there are already a great 
many kinds of investigations now 
commonly undertaken that would be 
beyond the scope (and stamina) of people 
without the assistance of computing mach- 
inery. Particle physics has again been the 
pathfinder in this trend, with its techniques 


for the recording of tracks (or points along | 
the tracks) left by particles in detectors of | 


various kinds, and for their subsequent 
automatic analysis. 

Inevitably, this practice has spread like 
wildfire. Deep seismic refraction, both in 
the exploration for petroleum and in geo- 
physical investigations, 
masses of data that only computer 
recording and analysis is feasible. The 
identification as well as the measurement 


of stellar and galactic objects on photo- | 


graphic plates collected by astronomers is 
similarly a way of carrying out tasks that 
would otherwise be impracticable. And 
even where the quantities of data are not 
nearly as overwhelming, there remains the 
possibility that they will not be fully inter- 
preted because the i T has not the 























| more promise in the schemes (some of 


| (in the computer jargon) than substitutes 


generates such | 


| say, the evolution of weather systems 


| accomplished are (and are likely to remain) 
| the exceptions, not the rule. 


| tasks of algebraic analysis, still regarded as 
| akind of frivolity or luxury, and tofieldsin | 
| which the underlying characteristics of a 
, | mathematical process would not otherwise 
|. be apparent. Who would at this stage claim 
| that the importance of chaotic (or 


S generally” | 
teaching laboratories are not | 
‘nearly as well equipped as they might be. | 
i The application of computers: as means - atl 
lof retrieving data is, by pital eS 
commonly undervalued. Many. people. 


























































have found the widely available biblio- — 
graphical databases less than a substitute: 
for the professional literature. And it is: 

true that many of these systems are need- 
lessly wooden and inflexible. There may be 


which are referred to in the pages that 
follow) that assist people to construct their 
own individual databases, for mnemonics. 
are almost certain to be more ‘‘friendly’’- 


for one’s memory. 

The use of databases simply for: th 
recognition of meaningful portions of t} 
nucleotide sequences of DNA which hav 
become a common feature of the literature. 
is perhaps the most telling illustration. The 
plain truth is that it is almost conceptually 
impossible for a person to compare the 
sequence of some nucleotide sequence h 
has constructed with a library of k 
gene sequences so as to pick out 
which most closely resemble eac 
Not so long ago, an author o 
submitted for publication was 
chagrined that a referee with ac 
better computer program was able to sy 
similarity that had previously gon 
recognized. But this is only one set o 
circumstances in many where the ful 
power of computer retrieval remains to b 
recognized. Rivalry between laboratorie 
will no doubt bring other cases to light. 

But none of this, it will be remarke 
bears on what must seem the most obviou: 
application of computers in the laborator) 
— the accomplishment of mathematica 
tasks that would otherwise be beyond thi 
scope of ordinary people. The use of- 
powerful computers for the simulation of 


requires no special justification, but the 
huge installations by which these tasks are 


More interesting are the applications of. 
computer programs to ordinary tedious 


‘‘deterministically random’’) phenomena 
would have been widely recognized 
without th ier ‘Sintulations of the 

















































































omputers i in books 


AN . Barrett 





VEN the shortage of suitable software 
for analysing biological data by micro- 
computer, the publication of books 
containing methods and programs for that 
purpose is generally all to the good. 

One recent book of this type is Statistics 
and Numerical Methods in BASIC for 
Biologists, written by J.D. Lee and T.D. 
‘Lee and published by Van Nostrand 
‘Reinhold (hbk £14.95, $32.50; pbk £7.75). 
The authors include methods for 
determining means and standard 
‘deviations, chi-squared tests, various 
‘correlation coefficients, linear regression 
‘and curve-fitting. There are also two 
hapters on the biological applications of 
statistics: one on assays, the other on linear 
‘regression techniques applied to bacterial 
‘growth data. 

-= Accompanying the methods are some 20 
‘programs, written in elementary BASIC, 
which are highly suitable for laboratory 
use. The programs are well structured and 
incorporate numerous checks against in- 
correct or pathological data. Documenta- 
tion is provided with the programs, 
enabling the user to follow easily the pro- 
gram structures, and sample data is 
available for users to test the programs on 
heir own computer. One price of the 
obustness of the programs, however, is 
that they are considerably larger than 
- similar programs performing the same cal- 
culations. And to ease typing problems, it 
would be useful if the programs were avail- 
able on a floppy disk for the Apple and 
: BBC microcomputers. 

A book with similar statistical content is 
BASIC Microcomputing and Biostatistics 
by Donald W. Rogers (Humana; $39.50 
(US), $49.50 (elsewhere)). The aim of the 
book is to teach essential programming 
skills, using BASIC, and to provide a range 
of statistical and mathematical techniques 
for the analysis of data in the physical and 
life sciences (including medicine). 

The book starts with a rather brief dis- 
“-gussion of computing and BASIC, with 
-three simple programs illustrating certain 
BASIC functions. The next seven chapters 
deal with a variety of standard statistical 
techniques and also provide simple pro- 
grams to illustrate the application of the 
techniques to limited data sets. The statisti- 
cal methods introduced cover the under- 


tions together with the use of the Poisson 
and Normal distributions. A chapter is also 
: included on the application of the chi- 





ar curves and the solution 





standing of experimental errors and the 
computation of means and averages, and 
the determination of probability. distribu- 


and Student’s t-test. Finally, | 
are explained, as well as the 








seenamnlary hiami EIAN sa ferenremrtriishheraahli e AELA aana amah AAN A A An aAA, 


From the point of view of the laboratory 
scientist, one of the limitations of Rogers’s 
book is that many of the programs are un- 
suitable in their present form for analysis 
of experimental data. The curve-fitting 
program, for example, only extends to a se- 
cond degree curve and several of the earlier 
programs are restricted to the determina- 
tion of properties of groups of five num- 
bers. The principles used do not easily lend 
themselves to extension of the programs to 
handling large data sets and as such are of 
limited value except for teaching. In this 
context, however, the book achieves many 
of its stated aims; alot of examples are pro- 
vided and the programs are well supported 
by background information. 

In contrast to the preceding two books, 
James D. Spain’s BASIC Microcomputer 
Models in Biology (Addison-Wesley; 
$34.95, £22.10) contains few programs and 
concentrates on providing flowcharts to 
accompany the methods from which the 
readers themselves can develop programs. 
Several useful programs in BASIC are 
available, however — for curve-fitting, 
polynomial fitting, normal distributions, 
queuing simulation and graph plotting — 
either as listings contained in an appendix 
or on a floppy disk (price $50). The pro- 
grams run on either the Apple I] or TRS-80 
computers. The appendix also includes an 
introduction to programming in BASIC. 

The main text is divided into three parts. 
The first deals with simple equations that 
model single biological systems or system 
components such as exponential growth 
and enzyme saturation. The second is con- 
cerned with deterministic models of 
multicomponent systems and includes, for 
example, chapters on biochemical reaction 
kinetics, dynamics of homogeneous popu- 
lations of organisms, models of microbial 
growth and simulations of population 
genetics. The final part deals with the 
effects of random processes on biological 
systems, with special attention being paid 
to sampling processes, random walks and 
queuing. 

As ameans of introducing both students 
and practitioners of biology to theoretical 
methods and their applications, Spain’s 
book fulfils a useful purpose. Its structure 
will appeal in particular to those with suffi- 
cient programming skills to translate the 
flowcharts into working programs. 

Finally, Microcomputers and. Physio- 


logical Simulation by James E. Randall | 
sley; $27.95, £14.50) isa soft- | 
oviding an introduction to 
microcomputers and their use in the mathe- . 
matical simulation of physiological pro- | 






(Addison-We 
back aimed a 


cesses. 


_ The first five of the’ 14 chapters present a- Ls on 
discussion on both hardware and sof meae tdevoted 


originally published as Volume 12 





and include accounts of microcomputer 
components, and operating system and 
programming languages, together with 
graphics facilities for the TRS-80 and the 
Apple I. Each chapter concludes with a his 
of addresses of manufacturers of both 






| hardware and software, where appro- 


priate, and with references to relevant jour- 
nals. 

For a book dealing with techniques of 
mathematical simulation, surprisingly lit- 
tle background mathematics is included. 
Instead, the author concentrates on pro- 
viding BASIC (Apple) programs encapsu- 
lating the relevant mathematical equations 
necessary for the simulations and refers the 
reader elsewhere for the supporting theory. 
The complexity of the programs varies with 
the particular application (axon potentials, 
cardiac action potentials, distortion of 
physiological waveforms and the glucose 
tolerance test are among those covered). 

Randall’s book clearly demonstrates. 
that a variety of physiological processes 
can be successfully simulated on the micro- ~ 
computer. It should be of interest to 
advanced students and physiologists with 
interests in modelling. : S 








A.N. Barrett is in the Computing Laboratory at 
the National Institute for Medical Research, 
London. 





Computers and genes 
E.G. Richards 





The Applications of Computers to 
Research on Nucleic Acids HH, 

Parts 1 and 2. 

Edited by D. Söll and R.J. Roberts. 
IRL Press: 1984. Pp.856. Pbk £30, $60. 
Time Warps, String Edits and 
Macromolecules: The Theory and 
Practice of Sequence Comparison. 
Edited by D. Sankoff and J.B. Kruskal. 
Addison-Wesley: 1984. Pp. 382. 

$28.95, £24.60. 








THERE are over one-and-a-half million 
bases in the latest edition of the EMBL 
nucleotide sequence library and somewhat 
more scattered through the literature. If 
printed, they would comfortably fill the 
two volumes edited by Söll and Roberts 
and totally bemuse anyone who opened the 
pages of such a book. It is then no small 
wonder that the writing of computer 
programs to aid the construction and 
digestion of nucleic acid sequences is a 
growth industry. The two volumes were 


‘Number 1 of the journal Nucleic Acids- 
Re earch i in January of this year. A similar F 





if the size, was publishe 
982, giving us a doubling time of i 


f the latest volu 





































‘computers and microcomputers. The 79 
“papers describe programs and systems 
which range from the grandiose to the 
trivial. Several of the papers describe large 
ymenu-driven systems for processing 
equences, 
“sequences in various formats, translating 
them into amino acid sequences and 
searching for restriction sites to mention 
but a few of the options. Other con- 
tributions are devoted to more specialized 
tasks, such as working out restriction 


maps, ascertaining the homology between | 


sequences, determining the most stable 
base-pairing scheme in an RNA chain, 
calculating the molecular size of fragments 
observed in polyacrylamide gels and even 


designing your experiment for you. There | 


is only one paper devoted to the graphic 
display of three-dimensional structures; 
this is notable for being implemented on a 
microcomputer. 

Molecular biologists engaged in pro- 
ducing nucleic acid sequences or cogitating 
on their significance are likely to find some- 
thing of interest in the two books. It may be 
that the author will send them a listing 
when asked (some offer so to do, others are 
silent on this point), that the program is 
written in a language and dialect familiar to 
their local computer, and that appropriate 
hardware is available. If all this is so, such 
researchers may be saved hours of work 
reinventing the wheel. But it is unclear 
whether the programs themselves have 
been verified in any way, and hard to tell 
_ ‘how robust they are against misuse or how 
fe easy they are to use. 
< Most of the programs concerned with 
homology and structure prediction are 
based on the dynamic programming 
method discovered, apparently simul- 
taneously, by several workers in the 1970s. 
This method, based on an argument by 
induction for ascertaining the minimum 

number of insertions, deletions or changes 

required to transform one sequence into 

another, is well described in Time Warps, 
_ String Edits and Macromolecules. 




















ost identical problems 


Tere the pressure wave 
| o the utterance of a word is 
sampled at dis es and a resulting 
vector compared with that of a standard 
word. Since people vary in the rate at which 
they speak, the sampling rate must be 
-varied in some way; that i is, time must be 
| warped. 
| ‘Much of Sankoff and Kruskal’s volume 
. should be accessible to molecular biologists 
nterested in the intricacies of sequence 
“comparisons and similar problems, and 


correspond di 



















ther parts are more mathematical and 


including printing out | 


is various contributors 


parate fields, including | 


hould serve a useful role in acquainting, |- 
rem with the state of play in this area. | 


thus | more suitable for the computer | 


— COMPUTERS IN THE LABORATORY 
How to crunch your 
numbers 
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Biodata Handling with Microcomputers. 
By R.B. Barlow. 

Elsevier Biosoft, 68 Hills Road, 
Cambridge CB2 ILA, UK: 1983. Pp.261. 
£18, $30, Disks £30, 350. 





EVEN the least expensive “home com- 
puters” are capable of carrying out all 
the statistical analysis that most biologists 
will require — and usually before the 
answer can be obtained from the computer 
centre. The main obstacle to practical real- 
ization of this is, of course, the limited 
availability of appropriate programs. 


| Behind the somewhat mysterious title 


(what is ‘‘biodata’’?), this book goes a 
considerable way towards meeting the 
need. It contains some 50 programs which 
cover most simple statistical procedures, 
from standard deviations and significance 
tests through analysis of variance to linear 
and non-linear (iterative) regression. 

The book contains listings of the pro- 
grams (in Commodore PET BASIC), repro- 


Pascal in practice 


aapna AAAA A sist teeta a niente a a aaa rRNA te AAA NOH TRL 


Graham H. Kirby 





Pascal Applications for the Sciences: 
A Self-Teaching Guide. 

By Richard E. Crandall. 

Wiley: 1984. Pp.246. Pbk £13.90, 
$16.95, 


THE number of textbooks which deal with 
computer programming in Pascal is very 
large and still increasing. So it is refreshing 
to find that Richard Crandall’s book 


| concentrates on applying the language. 


The author’s aim was to provide a text 
which would enable students of mathe- 
matics, physics, chemistry and biology to 
learn scientific programming in Pascal. 
Applications in each of these specific 
subjects follow a general introduction to 
simple numerical programming. 

The book is a self-teaching guide, con- 
sisting of text, exercises, answers, more text 
and so on. Some exercises involve modifi- 
cation of the many programs presented in 
the text whilst others are distinctly 
ambitious. Many answers are short 


comments and hints rather than code. One | 


of the good features is the emphasis on 
graphics to disp somputed results, 
rather than on the Pr 1 ing of tables of 








@ Reston/Prentice-Hall have just published 
Scientific Pascal by Harley Flanders, a book 
written specifically to teach practical pro- 


es | gramming to scientists and students of science.. 
a Tp is hbk $29.95, £28. 45; pok $21.95, £20. 85, 
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ful in learning to write simple Pascal pro- 


t - Studies at. the U 


duced from a dot matrix printer, while th 
text is reproduced from typescript — bot 
are entirely legible, although the mult 
statement line’ and lack of indenting mal 
the programs harder to follow than th 
need be. White space is prominent, since 
many pages are under two-thirds full, and 
there are several rather un-funny cartoons. - 

Each program is accompanied by a brief 
but generally adequate commentary 
describing what is going on, and in many: 
cases also by an even briefer outline of the: 
underlying mathematics. Beginners may: 
need a statistical text to amplify some of the. 
explanations if, as the author hopes, they- 
wish not only to use this book as a 
“toolkit” but also to understand how the | 
tools work. In addition each program hasa 
sample output, the examples being drawn : 
primarily from pharmacology. es 

The programs cover clearly the mos 
widely used statistical procedures, and are 
available on disk for Commodore PET 
Apple and Commodore 64 computers. T hi 
combination of disk and book- certainly 
adds up to a useful elementary statistic | 
package. | 




































Gordon C. K. Roberts is in the Division o 
Physical Biochemistry at the National Institut 
for Medical Research, London. 






numbers, and a microcomputer 
graphics facilities and Pascal woul 
vide the ideal basis from which to t 
from the book. Also commendab 
provision of source code for libr 
Pascal procedures covering gf 
matrix handling, statistics and specia 
mathematical functions. Of course, 
graphics library is hardware specific 
Tektronix 4012 terminals). | 
A book such as this, modestly-pri 
and devoted to applications, has insu 
cient space to introduce the language its 
Readers will require either a prior kne 
ledge or an introductory textbook © 
Pascal programming. Without one or th 
other, the benefits of Pascal will not t 
appreciated since Crandall has conce 
trated entirely on the mathematical model- 
ling type of application using simple 
numerical and statistical techniques. This 
is a pity because the full power of Pascalis 
not demonstrated — I noted very few: 
occurrences of the type char, only one of | 
records (for complex numbers) and of the _ 
case statement, and none of pointer types. __ 
The programs could be re-written in | 
FORTRAN or BASIC with few changes. 
Science students will find this book help- 

















grams for applications in their subject area. 
I hope they go on to learn more of the - 
facilities in Pascal; many scientific appli- 
cations do require data structures other 
than arrays and types other than iege 
and real. 





Graham H. K irby is a Lecturer in: 













sorts of references 
AV, Roberts 


PAPERBASE: A Computerized Personal 

Database for Scientists. 

By Anthony Durham. 

Wight Scientific, 44 Roan St, London 

_ SE10 9JT. Booklet, pp.31, £25, $50 

-~ {airmail postage included) for 
institutional use; £10, $20 for personal 

use. Diskettes available for various 

= computers, £50, $100 (booklet included). 

















PAPERBASE is a BASIC package for 
constructing and interrogating a database 
of references. It normally uses a micro- 
-computer with diskette drives, screen, key- 
board, printer, BASIC interpreter and 

word-processing program, although it can 
run on larger or smaller systems. I tested it 
-on an IBM PC-XT and found the increase 
“of speed provided by a Winchester disk and 
the BASIC compiler to be an advantage, 
although it is still a very useful system 
without these facilities. 

References and keywords are input using 
program STORE: it is important to get the 
format correct, but this is not difficult and 
one can edit the ASCII output file later (for 
example to add new keywords). ORDER 
sorts alphabetically by first authors and an 
on-line search on logical combinations of 
expressions is carried out by SEARCH, 
producing a file containing those refer- 
ences that meet the given criteria. Refer- 
ences are converted to the format required 
by a particular journal by LAYOUT, using 
word-processing facilities such as bold- 
face and underlining where appropriate. 
The user may need to develop his own for- 
mat code since journal practice differs so 
widely, but examples are given and it 
should not take long to master the rules. 
: Finally, HUNTER scans through an 
< ASCII file — for example a typescript pro- 
duced on a word-processor — to report the 
references that it finds. 

_ The BASIC program may have to be 
< modified before use, depending on the 
“computer. For the IBM PC no changes 
were necessary and PAPERBASE ran 
< straightaway. However, the code is well 
documented in the booklet, and advice is 
given on how to make changes should these 
-be needed. Users may also wish to extend 
the programs to meet additional require- 
ments or to build them into larger systems; 
I found it helpful to modify SEARCH so 
that it did not distinguish between upper 
< and lower case, and this was readily done 
with a few BASIC statements although it 
‘somewhat slowed down the search. 
= Altogether PAPERBASE is a well- 
engineered piece of software. It should find 
wide use throughout the scientific com- 
munity. C 

























































V. . Roberts is Head of the Theoretical Physics 
; yat the Culham Laboratory of the 
bingdon, Oxfordshire. 
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New computer products 






By using the Reader Service Card, details of twenty-one new 


computer based products can be obtained. 


@ The Series 7000 professional computers | 


from Perkin-Elmer are advanced micro- 


computer data processing systems | 


specifically for laboratory applications. 


Two models are available: the PE 7500 and | 


PE 7300, capable of both analytical and 
management functions. In an integrated 
workstation, a Series 7000 computer is 
complete with a detachable keyboard, 
colour or monochrome graphics display, 
Winchester and floppy disk drives. The 
electronics module contains a Motorola 


68000 16-bit microprocessor which has | 
32-bit internal data pathways and can | 


address up to 16 megabytes of random 
access memory (RAM). A Series 7000 com- 


puter contains 640 kilobytes of RAM as | 


standard. The internal memory can be 
expanded by one megabyte by the addition 
of an internal expansion board. Perkin- 


Elmer produces applications software for | 


instrument control, data collection, data 
storage and graphical manipulation for 
infrared, ultraviolet/visible, fluorescence 
and atomic absorption spectroscopy, gas 
and liquid chromatography and thermal 
analysis. Users can write their own 
programs in BASIC and FORTRAN. 
Circle No. 100 on Reader Service Card. 

@ Beckman Instruments’ SYNLIB is a 
computer software system for the creation, 
maintenance and search of chemical 
reaction data files. The SYNLIB program 
has been designed specifically for synthetic 
chemists involved in the manufacture of 
organic chemistry products, pharma- 
ceuticals and chemical specialty products. 
The SYNLIB system is distributed with a 
database of over 12,000 chemical reactions 
abstracted from the scientific literature. A 
continuing database updating service is 
available, and users may easily establish, 


maintain and search their own chemical | 


databases containing chemistries which are 
of local interest. 

Circle No.101 on Reader Service Card. 

è TUTSIM is a program for the 
simulation of contaminous dynamic 
systems, and is now available in a short 
form which is suitable for evaluation, 
demonstration and instructional study. 


TUTSIM is available for IBM XT/PC, and | 


PC jr, Apple H and some CP/M machines. 
The TUTSIM program was created by the 
Twente University of Technology in the 
Netherlands. It is a block diagram 
orientated program which produces both 
numeric and graphics output. Disciplines 


to which TUTSIM is applicable include | 


physiological and biological model studies, 


thermodynamics and fluid dynamics and | 


econometrics and sociological systems. 
TUTSIM is available in the United States 
from the Applied i company of the Palo 
Alto, California. 

Circle No. 102 on Reader Service Card. 





è The Cahn Model 28 microbalance and 
C-29 ultra-microbalance now include as 
standard equipment the RS-232 interface 
for printers, computers and other 
peripheral equipment. Weighing to a 
precision of 0.1 microgram, Cahn Series 20 
microbalances offer automatic calibration, 
wide dynamic ranges, remote weighting in 
glove boxes, hot boxes or environmental 
chambers. Operation is simple, as no 
internal weights or special set-ups pro- 
cedures are required. Both the Model 28 
and 29 balances are portable. The micro- 
processor controlled microbalances have 
capacities of 3.5 grams. 

Circle No. 103 on Reader Service Card. 

è The LABSAM/3350 is a Hewlett- 
Packard software package designed t 
manage and organize the flow of samples , 
through the laboratory. LABSAM’s 
primary functions include sample log-in, 
result acquisition, validation and report- 
ing. LABSAM is designed for use with the 
HP 3357 Laboratory Automation System 
which features: disk storage up to | giga- 
byte; BASIC, FORTRAN and PASCAL 
languages; a wide range of terminals and 
printers; and a large selection of graphics 
devices. 

Circle No. 104 on Reader Service Card. 


Perkin Elmer’s ih Onal computer flop 
the Cahn 29 balance. 













The Shimadzu DIP-1 diluter/pipetter 


è A new data and chromatography 
control system allows chromatographers to 
set up HPLC methods in plain English and 
to control all system functions from one 
keyboard. The Waters 840 control station 
incorporates the Digital Professional 350 
computer with Waters Expert chromato- 
graphy software. The separation can be 
x followed while it happens with real-time 
` plotting on the screen, or the system can 
gather raw data from an analysis while the 
screen is used to perform other tasks. A 
high-speed, high capacity Winchester hard 
disk stores methods and up to one month 
of continuous raw data from up to four 
detectors. Dual floppy disks provide long- 
term storage of methods and data and 
allow easy recall for reprocessing OT 
comparative analysis. In addition, 
integration methods can be changed in 
seconds to optimize data reduction, or the 
Waters SCANNER routine can be used to 
reprocess individual peaks at the touch of a 
button. 
Circle No.105 on Reader Service Card. 
è Technical Database Services (TDS) of 
» New York is offering a new search and 
on service for the Log P Database. 
~ Subscribers at remote computer terminals 
can search over 25,000 records containing 
partition coefficients and related 
information for over 12,000 organic com- 
pounds in approximately 300 solvents. 
This compilation of Log P data results 
from a cooperation between the Pomona 
College Medical Chemistry Project and 
scientists throughout the world. The data- 
base, now in its fourteenth year, is updated 
semi-annually and increases by 
approximately 2,500 records each year. 
Circle No.106 on Reader Service Card. 
@ The new D470 titration kit from Radio- 
meter is a complete package connecting 
Radiometer titration equipment to a 
Hewlett-Packard HP-85 personal com- 
puter. The fully documented standard tape 
is pre-programmed to perform automatic 
titrations with the simplest possible 
operation; only 4 soft keys have to be 
perated for routine titration. Equivalence 
points are automatically detected as the 
inflection points of the titration curve. The 
titration results and curve are displayed on 
the screen of the HP-85 and can be plotted 
by the built-in printer/plotter. 
Circle No.107 on Reader Service Card. 
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@ The Shimadzu DIP-1 is a simple-to use 
computer controlled dilluter/ pipetter. Just 
set the dilution ratio on the digital dial, 
selectable in 18 steps of 2 to 100, and it will 
accurately dilute the sample at that ratio on 
dispensing. The unit can also be used for 
dispensing, sampling, and diluting- 
dispensing. When only a reagent is to be 
dispensed, if the set volume is larger than 
the full stroke volume of the syringe it will 
automatically repeat to provide the desired 
volume up to 9.99ml. When an extremely 
small sample is to be taken (5 to 25u1) the 
volume required is set on the digital dial, 
and the tip of the nozzle placed in the 
sample. At one press of the ‘“tstart™ button 
the volume of the sample will be drawn up, 
and when pressed again the sample will be 
expelled into a container. When used for 
diluting-dispensing, the volumes of reagent 
and sample are set, and all the rest is per- 
formed at a press of the ‘‘start’’ button. 
Circle No.108 on Reader Service Card. 

e AUTOSCAN, from Spectra-Physics is 
a BASIC program on a PROM chip for 
automatic stop-flow peak scanning, 
absorbance ratio determinations, and 
time-programmable wavelength changes. 
The program is intended for use with the 
SP8440 UV/VIS variable wavelength 
detector in conjunction with Spectra- 


Physics HPLC systems and the SP4200 


computing integrator. In addition to 


reporting absorbence ratios and plotting of 


spectra, AUTOSCAN allows for com- 
pletely unattended operation since the 
HLC pump start/stop functions are 
integrated into the program software. The 
chip plugs directly into the memory board 
of the SP4200 computing integrator and is 
the latest addition to Spectra-Physics 
Special Purpose Software Programs (SP) 
series. This firmware-based system 


eliminates the need for loading programs 


from auxiliary storage devices such as disk 
or magnetic tape. 

Circle No. 109 on Reader Service Card. 

@ A Thermex interface converts Apple il 
Plus or Apple Ile computer into an auto- 
matic-printing 16 channel thermometer. 
The interface uses J, Kor T thermocouples 
as sensor, and resolution in the biological 
temperature range is 0.1°C. At other tem- 
perature ranges an accuracy of 0.28% full- 
scale is achieved using individually 
calibrated thermocouples. A special 
calibration program is available, allowing 
the user to calibrate and linearize thermo- 
couple probes in any desired range. 
Thermex, available from Columbus 
Instruments of Ohio, has built-in cold 
junction compensation. Biological probes 
for rectal, intravenous and implantable 
applications are available for animal use. A 
video monitor displays current tem- 
peratures in all channels. Data are also 
periodically printed and saved on disk at 
selected intervals. An optional data- 
transfer package allows information to be 
transferred from disk to files to a host com- 
puter via an RS-232 interface. 

Circle No.110 on Reader Service Card. 








The Radiometer D470 (top), the AMICA 
titration system (centre) and a thermometer for 
use with Apple computers 

è Routine photometric measurements, 
potentiometric titrations of all kinds and 
photometric titrations can be performed 
with the computer controlled AMICA 
system from Hamilton. The titrimetric 
methods used include acid-base titrations, 
redox titrations, titrations in non-aqueous 
media photometric titrations with or 
without indicator and complexometric 
titrations. Because of its modular design an 
AMICA system can be adapted to the in- 
dividual needs of any analytical control 
laboratory, whether the need is a small 
number of samples and frequent change of 
method, on many samples for few models. 
Circle No.111 on Reader Service Card. 

è ELISA-CALC, available from Comple- 
Software of lowa City, is designed to trans- 
fer data from an automated ELISA plate 
reader to a personal computer. The data 
are then saved on floppy diskettes; each 
diskette will hold data from more than 500 
plates. ELISA-CALC allows the user to 
enter a custom plate ‘‘map”’ defining the 
contents of each well on the ELISA plates; 
this map is saved on the diskette so that it 
can be used indefinitely. The computer 
displays graphically each standard curve, 
either as a semi-log or as a log-log plot. It 
then allows the user to pick the appropriate 
points to produce the best line to fit each 
curve. Then it calculates each unknown on 
the plate using the appropriate standard 
designated on the plate map. It allows the 
user to calculate ELISA data immediately 
after the plate has been read, spending two 
or three minutes rather than hours per 
plate. ELISA-CALC is available to run 
with automated ELISA readers sold by 
Bio-Tek Instruments, Inc., Dynatech 
Laboratories, Inc. and Flow Laboratories. 
Inc. 

Circle No.112 on Reader Service Card. 
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wep uTERS IN THE LABORATORY AED 
@ Electroplan of Royston, Herts, special- 
izes in interfacing analog and digital signals 
from scientific instrumentation and 
laboratory experiments into many types of 
desk-top microcomputers. Systems avail> 
able include Biodata’s Microlink, whic 
consists of a card frame into which 
modules are slotted to build up a flexible in- 
terfacing unit. Microlink connects to com- 
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Biodata’s Microlink interfacing system 


@ The CmC BUSSter RGA is a micro- 
processor-based interface designed to give 
RS-232 computers and terminals the ability 
to function as IEEE-488 controllers. Up 
to 15 individually addressed IEEE-488 
devices can be connected through the 
BUSSter RGA to one RS-232 port. The 
BUSSter RGA serial port features include 
switch-selectable band rates (300 to 
19,200), parity and word length. It can be 
configured for talk and listen commands 
for any IEEE-4888 address or secondary 
address from 0 to 31. Multiple devices can 
be addressed at the same time. The RGA is 
also compatible with service request, serial 
poll, parallel poll, remote/local, local lock- 
out, device clear, and device trigger inter- 
face functions. 

Circle No.113 on Reader Service Card. 

@ Coulter Electronics have now 
introduced into Britain the Micromeritics 
computer-controlled DigiSorb 2600 gas 
adsorption analyser. This completely 
automated physisorption instrument may 
be used with a wide variety of adsorbates to 
determine surface area, pore volume, pore 
size and pore area. Features include 
operator selectable parameters, automatic 
pressure transducer calibration, sample 
outgassing to 550°C and a large liquid 
nitrogen reservoir. Unattended operation 
is possible for up to 4 days. Automatic data 
and graphic presentations are printed for 
up to five samples. 

Circle No.114 on Reader Service Card. 

@ The Philips Automated Laboratory 
Management (PALM) system can tackle 
both sample analysis control and industrial 
proces/quality assurance. A typical PALM 
installation might include automatic sam- 
ple preparation machines with conveyor 
links to a laboratory or directly to an X-ray 
spectrometer. The PALM system is prin- 
cipally intended for use in conjunction with 
Philips equipment, but instrumentation 
other than Philips may be used. Results 
from various sources can be merged to give 
a complete analytical report with a mini- 
mum of delay, via terminals or printers 
in the laboratory or at remote locations. 


É Circle No. 115 on Reader Service Card. 





@ Integration of chromatography data 
can be achieved swiftly using Autovideo- 
gration software for the Apple Ile or II + 
computer. The program, from Heyden 
Datasystems, can be used with thin layer 
chromatography as well as being applicable 
to many GC and LC needs, especially when 
fewer than 20 peaks are being measured. 
Raw data may be viewed on the screen 
with scale expansion. Baseline position is 
under user control and integration may be 
automatic, manual or peak by peak. 
Results are tabulated with percentage peak 
areas, and all data can be stored to disk for 
subsequent examination. 

Circle No.116 on Reader Service Card. 

@ Two new features for GenBank, the 
genetic sequence data bank from Bolt 
Beranek and Newman Inc. (BBN), make 
for improved accessibility. A new interface 
allows the user to access GenBank data via 
a short series of menus and dialogues, and 
access is now possible through Telenet, an 
internationally available communications 
network. This eliminates the need for dial- 
ing into the system via long-distance tele- 
phone lines. GenBank, developed by BBN 
and Los Alamos National Laboratory for 
the National Institute of General Medical 
Sciences of the National Institutes of 
Health, is a repository of all published 
nucleic acid sequences greater than 50 
nucleotides in length, catalogued and an- 
notated for sites of biological interest. 
Circle No.117 on Reader Service Card. 

@ The publishing company Elsevier has 
introduced a range of scientific software 
with source code listings. The programs 
now available are: REVALUE: a software 
package to calculate reference intervals 
from total hospital patients laboratory 
date (for HP 85, PDP 11/23, PDP 11/45, 
PDP 11/70, VAX 11/780); BALANCE: a 
program to compare two series of measure- 
ments (Apple, IBM PC); and INSTRU- 
MENTUNE-UP: an experimental optimi- 
zation program, which helps the user to im- 
prove the performance of common scien- 
tific laboratory instruments (Apple, IBM 
PC). 

Circle No. 118 on Reader Service Card. 





puters using the standard IEEE-488 inter- 
face, and interface cards and programming 


software are available for use with Hewlett- 


Packard, IBM, BBC, Commodore CBM 
PET, ACT Sirius and Apple computers. 
Electroplan is also UK distributor for Tec- 
mar Labmaster and Labtender, which are 
data acquisition products designed to plug 
directly into the IBM-PC and other com- 
patible computers. These are multi- 
function cards, offering 16 analog inputs, a 
24-line general purpose digital input/out- 
put interface, and 5 event counters and 
timers on one convenient plug-in. 

Circle No.119 on Reader Service Card. 
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è Beckman’s products for laboratory in- J5 


formation processing can be divided into 
three categories: data acquisition; data 
analysis; and sample, test and method and 
result management. Data acquisition in- 
cludes intelligent instruments, RS-232 in- 
terfaces, standard information protocols 
and interfaces for other manufacturers’ in- 
struments. Data analysis includes 
application-specific software packages for 
such applications as tablet dissolution, 
kinetics, content uniformity and gel scann- 
ing analysis. Sample, test and method and 
result management includes large-scale 
systems for automating entire laboratories. 
Beckman systems interface directly to all 
laboratory instruments from all major 
manufacturers. Both instruments and ac- 
cessories can be controlled. The systems 


are directed by laboratory-developed = 


methods. MK 4 and MK 5 Digimetry in- 
strument couplers provide for interfaces 
with analog instruments, as well as in- 
struments without an RS-232 interface or 
standard information protocol. Data ac- 
quisition programs can run on personal 
computers, as well as large systems. 
Beckman’s systems provide extensive data 
analysis for general chromotography, 
simulated distillation, gel permeation, con- 
tinuous flow and potentiometric titration. 
For sample, test and method and result 
management, the database is determined 
by the laboratory and updated on-line. The 
systems provide a configurable operational 
sequence and configurable sample and test 
status requirements according to the 
laboratory’s specifications. The systems 
feature long-term archiving and recall. 
Beckman systems can communicate with 


other CALS systems, personal computers 


and mainframe computers. 
Circle No. 120 on Reader Service Card. 


These notes are based on information 
provided by the manufacturers. For further 
details circle the appropriate numbers on the 
Reader Service Card bound inside the 
journal. 
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siotechnology manpower in the UK 





. from Richard Pearson 


The best brains will not remain in this country unless the best jobs are here too. 





to be a first rather than a higher degree. 

The 2,000 specialists in the United King- 
dom are employed in more than 100 organi- 
zations, some with just one or two, others | 
with more than 50. One research labora- 
tory employed over 100. The type of 
organization involved did not, however, 
indicate the actual employment level — _ 
two major pharmaceutical companies, for 
example, each employed fewer than 25 
specialist biotechnologists, much of their 
basic research being contracted out to 
university-based research groups. 

The commercial sector accounted for 
nearly half the employment at professional 
level, with research institutions taking 
about a third and the balance in higher 
education, although in the latter it was 
sometimes difficult to isolate applied bio- 
technologists from those focusing on more 
fundamental aspects of science (Fig.1). 
With the rapid growth of commercial com- 
panies spinning off from academic depart- 
ments, consultancies and so on, the 
dividing line between the sectors is also 
becoming increasingly blurred. 

With the exception of junior staff and 
chemical engineers, who were often 
recruited either after a first or possibly 
master’s degree, most recruits to biotech- 
nology had had some relevant postgradu- 
ate research experience and were typically 
in their mid to late 20s or early 30s. Apart 
from new companies or centres starting up, 
the numbers recruited rarely exceeded ten 
vacancies in a year in any one company. 
Wastage rates were also generally low. The 
only significant shortage of suitably ex- 
perienced personnel was in fermentation 
technology, particularly microbial physiol- 
ogists, biochemical engineers and bioscien- 
tists with research and development ex- 
perience of plant and tissue cell culture. 
There was also a shortage, as in many other 
technologies, of people who could com- 
bine technical and managerial expertise. 

One particular concern of the past few 
years has been the potential scale of the 
brain drain (see Nature 308, 572; 1984). 
The study estimated that about 250 UK na- 
tionals had gone abroad since the 
mid-1970s, representing perhap F 
cent of the number currently. employed it 
the United Kingdom. The peak flow was. 


|. BIOTECHNOLOGY is one of the fast growing 
new technologies. It was born as late as the 
1970s and is recognized everywhere as a key 
technology for the future. As well as the 
United States and Japan, the technology 
superpowers, France, West Germany, 
Switzerland and the United Kingdom have 
taken initiatives to develop their biotech- 
nology, even though the industry has bare- 
ly moved out of the fundamental research 
stage. Being a knowledge-based industry, 
the availability of skilled manpower is 
crucial to its future success. In the United 
States, the Office of Technology Assess- 
ment has assessed prospects for that coun- 
try and also provided an international over- 
view, and has highlighted the strengths and 
weaknesses of different countries’ man- 
` power (see Nature 307, 399; 1984). In the 

United Kingdom, the Science and 
Engineering Research Council (SERC) has 
been trying to ensure adequately trained 
manpower to support this emerging 
technology and has just published two 
reports prepared for it by the Institute of 
Manpower Studies (Enabling Manpower 
for Biotechnology and The Biotechnology 
Brain Drain). 

There are now almost 2,000 professional 
specialist personnel active in novel bio- 
technology in the United Kingdom in addi- 
tion to those engaged in traditional areas 
such as brewing. While a precise definition 
of a ‘‘biotechnologist’’ is inappropriate, 
most individuals being regarded as, say, 
microbiologists, biochemists or biochemi- 
al engineers, it is clear that, on the science 
ide at least, few people would be regarded 
as professional biotechnologists without 
three or more years postgraduate exper- 
fence; on the process engineering side, 
_ however, the entry threshold is more likely 
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Fig.2 UK biotechnologists taking positions 
overseas. l 
Sweden and Australia (Fig.2). The largest. E 
loss was from higher education institutions 
and the main flow was to commercial -> 
organizations. More than 65 different 
overseas organizations were known to have 
recruited UK nationals. One recruited at 
least 16 UK nationals, four others took 
four or more each. One in three of those 
who had gone overseas had changed jobs 
since leaving the United Kingdom, and one 
in eight had also changed countries. 
Typically the leavers were aged 26 to 30 
although one in three was over 30. Nearl 
one in three went to ‘‘senior’’ jobs over: 
seas, at professorial or departmental head 
level. They reported that the main reason 
for leaving was not salary but the lack of 
“suitable” opportunities and jobs in the 
United Kingdom. Most of them did not 
expect to return to the United Kingdom 
because they would be unwilling to takea 
reduced salary and standard of living. Thus 
while salary is not a motivation in leaving, __ 
it is a barrier to returning. While the flow _ 
overseas included a number of people who. 
had left senior appointments in the United 
Kingdom and were unlikely to return, some ` 
were young postdocs moving overseas for .. 
experience, part of the normal interna- 
tional interchange of scientific personnel. 
While the outflow had no significant im- 
pact on individual organizations, such 
losses being only one part of their wastage — 
to other employers, the flow was regarded... - 
as a lost opportunity and weakening of t 
United ieee 8 aan base. The 

























about 30 per annum in 1981 and 1982. UK | per 
nationals were found working i in 13 oun- CK 
tries; the main destinations were the United | 7 
| States (46 per cent), followed by Swi zer- |< 
í land Aaa per. 'cent) and then Canada, aie: 
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UNIVERSITY 
OF BIRMINGHAM 
Faculty of Medicine 

and Dentistry 


DEPARTMENT OF 
IMMUNOLOGY 


Applications are invited for the post 
of Research Fellow 1A funded by 
Arthritis and Rheumatism Council 


for up to two years from 1 September | 


1984. Project will study the mole- 
culaz specificity and clonality of 
umatoid factors and involve the 
weduction of monoclonal antibodies 
to human IgG epitopes and 
rheumatoid factor idiotopes. 


Salary on scale £7,190 — £11,615 
with superannuation maximum 
starting salary £8,975. 


_ Further information Dr J Jefferis, 
Department of Immunology. Appli- 
cations (three copies to Assistant 
Registrar, Medical School, 
Birmingham B15 2TJ by 28 June 
1984) quote ref RF/IMM/NGA. 
| a (2881A 
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THE UNIVERSITY 
OF MANCHESTER 


TEMPORARY LECTURER 
IN PHYSICS 


Applications are invited for the | 


above post tenable from October Ist, 
1984 for a period of one year. Appli- 
cants should have an interest in one of 


the current research areas of the | 
Department, namely Astronomy, ` 
Radio/Astronomy, Low tempera- . 


ture and Condensed Matter Physics, 


Atomic, Molecular and Polymer | 


Physics including Liquid Crystals, 


| Optics, Nuclear Structure Physics, 
Particle Physics and Theoretical | 


Physics. 


Salary range £7,190 — £8,530 pa 
(Superannuation). 


Applications with names of three 
referees should be sent to the 


Registrar, The University, 
Manchester M13 9PL by June 29th. 
Quote ref 140/84/N., (2372)A 
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centre at K in has an international 
reputatio ‘ellence and with our 
continue: nsion we now wish to add a 
high ca earch Entomologist to our 
multi- dined koa 

Ours isan intensely creative 
environment — originating and developing 
new products in pesticide science to the 
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UNIVERSITY OF GUELPH 
COLLEGE OF BIOLOGICAL 
SCIENCE 
PRE AND POST DOCTORAL 
POSITIONS 


Available for training in the 
Molecular Biology of post transcrip- 


tional control with special emphasis | 


on structure and function of mRNP 
complexes and bio-genesis of 


ribosome particles in procaryotic and 


eucaryotic systems. Studies of this 


| laboratory are directed to examining 
molecular events which occur during | 
;changes in growth rate and 


differentiation. Teaching opport- 
unities available. Stipends for post 


doctoral fellows are $17,500 to | 


$21,000 and according to 
departmental guidelines for pre 
doctoral fellows. 


Please send résumé and names of 
three referees to: Bruce H Sells, - 
College of Biological Science, | 
University of Guelph, Guelph, 
Ontario, Canada NIG2WI. 

(NW598)A 








, arch Professiona 
these with minimum supervisior ir 
have the research ability to progress ideas to 


a successful conclusion. 


It has always been the policy of Dow as 
an international organisation to encourage 
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y the failure of any advertisement to appear from any 
though every care is taken to avoid mistakes. 
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INSTITUTE OF 
CHILD HEALTH 
UNIVERSITY OF LONDON 
RESEARCH PSYCHOLOGIST 
Psychologist/Human Biologist: 
required for one year in. the first. 
instance, but with possibility: of 
renewal, to undertake a feasibility 
study on the adverse physical and. 
psychological effects of the intensive 
training of young athletes, The study ~ 
is funded by the Sports Council and: 
directed by Professor Philip Graham 


| and Dr Peter Helms. The feasibility 


exercise may be followed by a major - 
study. The successful applicant. will zi 
have some previous research — 
experience. Starting salary within the © 
range £10,710 to £13,515 per annum 
plus London Weighting, accordingto 
qualifications and expericence. "Fe 


Further details and application. 
forms from the Assistant Secretary 
(N258804), Institute of Child Health 
30 Guildford Street, London WCH 
IEH, to whom complet 
application forms should be returne: 
by 6 July 1984. (IOHA 





-You must 


responsibility at an early stage in your career 
with the Company. For someone who has the 
enthusiasm, flexibility and the creative input 
needed for successful research, the initial 
salary and benefits are excellent and future 
career prospects on an international scale, 


impressive. 


To find out more please write or 
telephone for an application form to: Liz Sim, 
Personnel Officer, Dow Chemical Company 
Limited, Crossbank Road, King’s Lynn, 






“Trademark of. 


The Dow Chemical 


Norfolk PE30 2JD. Telephone: King’s Lynn 

















AUSTRALIAN INSTITUTE OF MARINE SCIENCE 


DIRECTOR 


The Australian Institute ot Marine Science is a Statutory Body established 








___ by Act of Parliament in 1972. The main functions of the Institute are: 


DEPARTMENT OF PSYCHOLOGY 
Applications are invited for a 


LECTURESHIP 






-Neuro 





Ep ileps 


è tocarry out research in marine science, | 

® to arrange for the carrying out of research in marine science by 
any other institution or person, 

e to co-operate with the other institutions and persons in carrying 
out research in marine science: 

è to provide any other institution or person with facilities for 
carrying out research in marine science or otherwise assist any 
other institution or person in carrying out research in marine 
science; 

e to collect and disseminate information relating to marine science, 
and in particular to publish reports, periodicals and other papers 
relating to marine science. tines & 

Under the general direction of a Council, the Institute is managed by a 
Director who holds office for a period not exceeding seven years, although 
he or she is eligible for re-appointment. The present Director will complete 
his seventh year in office on August 22, 1985, and expressions of interest 
in appointment to that position are now sought. 

The Institute's headquarters are in a modern and alo ba laboratory 
complex in pristine waterfront surroundings 55 km by road from the city 
of Townsville in North Queensland. The complex itself occupies a floor 
area of 10,000m? on several levels and incorporates a major library, 
computer facility, electronic and mechanical workshops ang extensive 
laboratory space with comprehensive scientific instrumentation. in its 
position facing the Coral Sea, the institute also has docking for its 
research vessels which include the 24.4 m RA Lady Basten, the 
13.66 m RV Sirius, the 21 m R/V Harry Messel, on long term charter, 
and a number of smaller craft. A fully-equipped dive locker and 
recompression chamber service the needs of research underwater. 

The present staff is 104 full time and 10 part time appointees including 20 
research scientists. There are at present five multi-disciplinary programs 
addressed to coastal wetlands, nearshore physical processes and 
productivity, coral reef metabolism, coral reef ecology and the physical, 
chemical and biological processes associated with the shelf and adjacent 
seas, particularly but not entirely of the Great Barrier Reef. The major 
bie of current research is in the environment of the Australian marine 
ropics. 

Considerable emphasis is placed on interaction and collaboration with 
individuals and research organizations with complementary interests, 
both within Australia and overseas. The Institute nas close and formal 
affiliations in research with James Cook University in Townsville. For 
interaction with collaborators further afield, the Institute maintains six 
fully self-contained cottages and six bachelor apartments, all on site. The 
accommodations aiso enable the institute to host frequent workshops and 


symposia. 

The Institute is fully committed to research. Although its functions do not 
include teaching, it regularly provides facilities for research by graduate 
students and it operates its own post-doctoral award scheme to augment 
in-house research activities. 

Qualifications . P 

The office of the Director is one of considerable seniority and respons- 
ibility. The successful appointee must have well-recognized academic 
qualifications and a demonstrable, and firmly established and active 
international reputation in some field or fields of marine Science. 
Candidates must also have a broad grasp of marine research, and 
understanding of and enthusiasm for multidisciplinary activity and a depth 
of understanding and vor ade in research management in ail its aspects 
including interaction with the agencies of Government. Enquiries in the 
first instance may be made by writing in confidence to the address given 
below. Formal applications should include documentation of professional 
experience and achievement (c.v.) and the names of not more than 5 
a Applications must be dispatched no later than September 1, 


Dr John L. Farrands, CB, FTS 


Chairman l l 
Australian Institute of Marine Science 
P.M.B. No. 
Townsville Mail Centre 
reload (W1041)A 
nn 
UNIVERSITY OF LONDON initiative in developing the clinical 
INSTITUTE OF and research services of psychologists 
PSY CHI ATRY in this new unit. Applicants should 


= Weighting allowance. 


O 703-5411 ext 321). 











possess appropriate postgraduate 
qualification in clinical psychology 
and relevant experience is desirable. 


p Salary in accordance with the 
. University of London Lecturer Scale 
~~ £7,490 — £14,125 plus London | 


_ Application forms and fuller job 
description obtainable from Anne | | 
Stevens, Department of Psychology, | f 
De Crespigny Park, London SES | | 
SAF, and should be returned by f f - 
Friday, 29th June 1984. (Tel: f- 

(2303)A E 






NATIONAL INSTITUTE FOR HIC 


Applications are invited for a:- 


LECTURESHIP IN CHEMICAL SCIENCES 
The School of Chemical Sciences is centrally involved in the 
BSc degree course in Analytical Science, in addition to 
servicing other courses, and possesses 4 comprehensive 
range of modern analytical instrumentation. The appointed 
candidate will become involved in the implementation and 
further development of teaching programmes and will be 
expected to initiate and develop programmes of research and 


to become involved in expanding links with industry. 


Applicants should have interests in one or more of the 


following areas: 


Analytical Science (instrumental aspects, inorganic analysis, 


separations science), 


Applied Chemistry (areas of applied inorganic, organic or 


physical chemistry). 


Applicants should be well-qualified academically with 


appropriate research, teaching or industrial experience. 
Salary Scale: Lecturer 


en raa 


OXFORD POLYTECHNIC 
Chipsy Lane, Headington, 
Oxford OX3 OBP 
DEPARTMENT OF BIOLOGY 


Postgraduate Research Training 


Three opportunities for research training, leading to MPhil/PhD 
(CNAA), will exist in the department from 1 September 1984. The 


+ 


following project areas are available: 


Photoperiodism and Reproduction; Feedback control mechanisms 
onion ihe ect and transport in higher plants; Allosteric models 
obin: Production and characterisation of monociona 


and haemo 


+ 


antibodies for use in a diagnostic kit to detect demyelination; 
Biochemical mechanisms of resistance to amino lycosides in 
clinically isolated bacteria; Laboratory selection for pesticide 
resistance in predatory mites; Glycoprotein metabolism in nerv 
terminals; in vitro construction of Tn5-derived transposons carryi 
vated oriT regions; Physi 
logical and biochemical indicators of alcohol consumption 
support of clinical therapies; Numerical aspects of species diversi 


* 


novel selective markers and transact 


in insects. 


Further details of the projects_and of research in the Department 
available from the peg ae Tutor. Two of the posts are Researcher __ 
947 pa under review) associated with some 


A appointments (£4,% 
teaching duties in physiology and biochemistry respectively. 
Applicants should possess a good honours degree in an ap 
subject. They should provide a curriculum vitae including full 


any experience relevant to the project they nominate, and the names of 
two academic referees. Applications should be sent as soon as possible 


to: 
Oxford Polytechnic, Chipsy Lane, Headington, Oxford OX3 OBP. Tel 
0865 64777 


DEPARTMENT OF GEOLOGY 
AND PHYSICAL SCIENCES 


Temporary Lecturer ll/ 
Senior Lecturer in Geology 
Ref. GPS/ 31 


Applications are invited for a one-year, full time temporary post in the 
ualified candidates. The post will be 









33 — £13,443 (under review) 
rms are a 
olyt 























SHER EDUCATION OLUEN 


iR£13,797 - IR£18,807 4. 
Assistant Lecturer IR£10,727 -IR£13,218 =~ A 


Application forms, and further details, are available from the ) j 
Personnel Office, National Institute for Higher Education, ins. 
Glasnevin, Dublin 9, Ireland. Closing date: 3 August 1984. 5 


nic, Chipsy Lane, 
Co A289 
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Our clients are the UK subsidiary of an innovative, and highly successful, international health care organisation. 
As part of its commitment to continued advancement, the UK diagnostics division is now ‘undergoing a major 
expansion and seeks several experienced scientists within its R & D group. 


The appointments will be based in new purpose-built premises in a pleasant part of the Southern Home Counties. 
They command an attractive remuneration package, including generous relocation expenses if required. 


- Immunoassay Specialists - 


2 PROJECT LEADERS, each taking responsibility for developing enzyme 
immunoassay techniques for a number of novel diagnostic kits. 


Applicants should ideally hold a PhD and have several years’ post-doctoral 
experience in immunoassay techniques, in conjunction with the use of enzymes. 


In addition they should have good written and verbal communication skills with l 
the ability to direct and motivate staff. 


© PROJECT SCIENTISTS, each becoming a member of an enzyme immunoassay l | 
development team working with monoclonal antibodies. 


Candidates should have at least a BSc in a relevant science and experie ' 
MeO OB sey toeonmaugs; ideally also using enzymes. 


Protein Chemist . 


To undertake the development of new enzyme monoclonal antibody reat 
technical expertise and guidance for the improveme 








ndidate would be a PhD | protein chemist, with at Isast two. 


octoral research experience, including the prepeistion of enzyı 
Hr t immunodiagnostics. 











— Cell Culture Scientist — 


ae Ther main task will be to use tissue culture techniques to establish and mai tain 
‘the production of monoclonal antibodies from hybridoma cells. - 






The successful candidate is likely to hold a PhD and have several years’ post 
doctoral PERNES with pees paS for tissue culture e eS 


Please write in » confidence for an application form, € or phone if you would like to discuss the appointments 4 a 
further: a : fis 


| Bien J. Oswald, T Limited, 
King House, 5-11 Westbourne Grove, 
London W2 4UA. Tel: 01-229 2266 


© (2363)A | 





Leaders in Health Care e Recruitment 










RSD DIRECTOR 
Japan | 


Squibb, a major international pharmaceutical com- 
pany, currently is seeking candidates for the position 
of R&D Director in its Japanese affiliate with offices 
in Tokyo. The Director must provide strong intellectual 
and administrative leadership to a staff of about 50 
scientists who have responsibility for the registration 
in Japan of new human ethical and animal health pro- 
ducts. In meeting these responsibilities, the depart- 
ment monitors Japanese regulatory requirements, 
oversees preclinical and clinical studies conducted in 
Japan, and prepare the necessary registration docu- 
ments. Throughout this process, close liaison iS 
maintained with the central research laboratories in 
the United States. 


The successful candidate will have at least 15 years 
experience in the health care field after receiving an 
MD or PhD degree (or equivalent) and must be fluent 
in both Japanese and English. 


interested candidates should send their current 
resume directly to: Mrs. Anne V. Corey, international 
Personnel Director, Squibb Corporation, P.O. Box 
4000, Princeton, NJ 08540. An equal opportunity 


employer. (NWSTD)A 





’ BATTELLE-KETTERING 
= SENIOR POSITIONS | 





_ Battelle-C.F. Kettering Research Laboratory, located 

$ in Yellow Springs, Ohio, has two research positions 

` available. The laboratory's research programs are 

~ oriented toward increasing agriculture productivity 

-through research in the general areas of symbiosis, 
nitrogen fixation and photosynthesis. 


~ One position requires a PhD in molecular genetics with 
related experience in appropriate bacterial and/or 
plant sciences. A PhD in plant sciences and five years 
experience is required for the second position which 
will serve to complement our current expertise and on- 
going research activities. The successful applicants 
will be expected to support their research efforts by 
obtaining externally funded grants and contracts. 


Battelle offers a competitive salary, excellent 
employee benefits, and career growth 
opportunities. Applicants with appropriate 
interests and expertise should send their resumé 
to Richard Shaw, Employment Department U-2. 


| ~ Memorial Institute 
505 King Avenue ¢ Columbus, OH 43201 





či: |. An Equal Opportunity/ Affirmative Action Employer 


Bebb 





E Acting: Registrar of the. U 
| applications is 77 August IK 
__ The University is an equal opportunity 
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THE AUSTRALIAN NATIONAL UNIVERSITY = J 
JOHN CURTIN SCHOOL OF MEDICINE RESEARCH 
Postdoctoral Fellow/ 
Research Fellow/ Senior Research Fellow. . 
(several positions) _ ‘i 


Applicants for these research positions should have a PhD degree {or 
equivalent qualification) and expertise in any of the areas of research. f 
pes below. A number of appointments will be available fram early 
1985, 

DEPARTMENT OF BIOCHEMISTRY: (Head: Professor F. Gibson} 


Energy-transducing ATPase; membrane assembly; bioenergetics: 
mechanism of action of classical and multifunctional enzymes; 
molecular biology; gene expression; differentiation; oncogenesis. 
DEPARTMENT OF EXPERIMENTAL PATHOLOGY: (Head: 
Professor P.C. Doherty) 

Biology and biochemistry of tumour metastasis, malignancy and host 
response; viral and auto-immune pathological process in the central 
nervous system; vascular and lymphatic pathology; inflammation; 
pathogenesis of malaria. 

DEPARTMENT OF HUMAN BIOLOGY: (Head: Dr R.L. Kirk) 
Molecular biology of inherited disease, cytogenetics and somatic ceil 
genetics; human population genetics, including DNA polymorphisms. 
DEPARTMENT OF IMMUNOLOGY: (Head: Professor B. Morris) 


* 


Ontogeny of the immune response; immunology of the foetus and 
pregnancy; experimental surgery of the embryo and feotus; embryo 
transplantation; genetics of disease resistance; reproductive anda 
developmental biology; tissue transplantation; physiology of tha, 4 
lymphatic system. ba : 
DEPARTMENT OF MEDICINE AND CLINICAL SCIENCE: (Head: ) i 
Professor W.F. Doe} 

Mucosal immunity and inflammation; neutral proteases, interleukins ` 
and differentiation of bone marrow cells, macrophages and natural $ 
killer celis; pathogenesis of inflammatory bowel disease and colon — 
cancer; neurophysiology of intestinal motility; calcium and cell $ 
regulation; malignant hyperpyrexia; asthma: platelets, atheroma and — 
haemostasis: transplantation biology. 

DEPARTMENT OF MICROBIOLOGY: (Head: Professor G.L. Ada) 
Properties of infectious agents, especially viruses: epidemilogical 
studies of, and immune responses, particularly cell-mediated 
responses, to viral infections: transformation of cells by viruses; 
engineering of viruses to make better vaccines; surveillance — 
mechanisms against tumours; membrane structures and antigens, 


+ 


such as histocompatibility antigens, involved in cell-cell recognition. 


PET ORTAENI OF PHARMACOLOGY: (Head: Professor D.R. 
urtis 
Mammalian central transmitters; pain and analgesia; mammalian 
peripheral sympathetic synapses; biophysics of smooth muscle; nerve 
growth factors. 
DEPARTMENT OF PHYSICAL BIOCHEMISTRY: (Head: Professor 
L.W. Nichol} 3 
Biological macromolecules; interacting protein systems; multienzyme 
complexes; enzymes of sulphur metabolism, protein conformation and 
hydration; secretory and blood proteins. E 
DEPARTMENT OF PHYSIOLOGY: (Head: Professor P.W. Gage) ..@ 
Synaptic transmission at peripheral and central synapses; effects of F 
general anaesthetics; calcium ionic and gating currents; charge § 
movements in nerve and muscle; contractile activation in muscle; visual 
information processing. E 
PAET ashe NEUROLOGY UNIT: (Director: Professor R. | 
orter 
Neurophysiology; spinal cord; synaptic transmission at central 
synapses; respiratory neurophysiology; somatosensory pathways; 
control of movement: physiology of the cerebral cortex in primates, 
INFLUENZA VIRUS IMMUNOCHEMISTRY LABORATORY: 
(Dr W.G. Laver} 
Structure and variation of influenza virus antigens and their antibodies. 


CONDITIONS OF EMPLOYMENT: Salary will be in accordance with 
qualifications and experience within the range: Senior Research 
Fellow: $A35720 — $42607 p.a.; Research Fellow: $A25571 — $33594 
p.a.; Postdoctoral Fellow Grade 1 (at fixed point on scale) $A22041 — 
$25249 p.a. ($A1 = £0.64p approx.). 


Appointment as senior Research Fellow/ Research Fellow will be for up 
to three years initially with the possibility of extension after review to 
maximum of five years; as Postdoctoral Fellow for one or two years 
initially with possibility of extension to maximum of three years. 

Grants are provided towards travel and removal. Assistance towards 
housing is given to an appointee from outside Canberra. Eligible 
appointees will be required to join the Superannuation Scheme f 
Australian Universities. The University reserves the right not to make 
appointment or to. make an appointment by invitation at any time 
Maternity leave is available. i | i 
Prospective applicants are encouraged to write to the Secretary . 
General, Association of Commonwealth Universities (Appts), — 
36 Gordon Square, London WC1H OPF, or to the Acting Registrar | 
Australian National. University, GPO Box 4, Canberra, ACT2601, K 
Australia, for further informatior , | 




































lodging applications with the =] 
ng date for receipt of; 
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mid-1985 and a successor is being sought. 


of food. 


The Secretary is the Chief Executive of t 
responsibilities of this position are: 





from the Science Budget. 


[2 Chief representative of the Council in its capacity as | ein Me 
contractor to the Ministry of Agriculture, Fisheries and Food for Those interested should write in confidence enclosing a brief 
commissioned research which accounts for the other half of the curriculum vitae to. the Management Consultants who are 


budget. 


THE MEDICAL COLLEGE 
OF 
or 





W'S HOSPITAL 


GY AND 
TISTICS 










Applications äre inv 
scientists experienc : 







research projects. oe 
The appointment will be available from September/October 1984 and 
will be for a period of three years initially, with the possibility of renewal 
or subsequent transfer to a continuing appointment. Ca ndidates shouid 


normally be aged under 35, and persons holding permanent university 9. 
_ appointments in the UK are not eligible. The salary. wil be at an $- 


s@@propriate point on the relevant University Lecturer Scale: 

Vv applicants who would like to discuss the post are invited to. contact 

“Prof. N. Waid, Dept. of Environmental & Preventive Medicine at the 
Medical College, Charterhouse Square, London ECIM 6B0 (tel 01-253 

0661 ext 148). o 

-Applications in the form of a curriculum vitae (six copies please) 

should be sent to the Dean of the Medical College, West 

_ Smithfield, London EC1A 7BE (quoting ref.JR.14), together with 

-the names of three referees, not later than 16th July es. in 








Agricultural and Food Research Council 


SECRETARY TO T 


The present Secretary, Dr Ralph Riley, FRS, is retiring in O All secretariat functions of the Council. 


The primary aims of the Council are to advance scientific a it i | Pian 
knowledge relevant to agriculture, ae and food supply; (| A Member of the Advisory Board for the Research Councils. 
to exploit this knowledge to increase the efficiency of the SRL Pari ete ee ea E TA raa TOE E E EEN 
industries concerned; and to safeguard and improve the quality Applications are sought from individuals with a distinguished 


he Council. The main necessary management skills and judgment for this appointment. _ oe 


L] The overall management and scientific leadership of the positions in research, either within industry or academia. 
idee seat Foo P Service. bar ede a a 
budget of about £100m and some 4250 staff. About half o E cps n 
budget is provided by the Department of Education and Science five years in the post. 


The Chairman 

Spencer Stuart Management Consultants 
Brook House, 113 Park Lane 

London W1Y 4H] 













Cj Accounting Officer for the Council's grant-in-aid. 








background in a science or technology relevant to agriculture. . Ase 
and/or food, who can also demonstrate that they possess theo po 







It is likely that eligible candidates are today holding senior oo ee 













The age of the successful candidate must allow for at lea E epe : 


: The present salary of the post is £35,125 p.a. A contribution 5 
towards relocation expenses may be made. MRP 38 


advising the Council on this recruitment, as follows: 
















TEN ME ~ 


‘University of California 








| Applications are invited for the current opening of Project Manager 
| (PM) for the University of California Ten Meter Telescope (UC TMT]. 
| The PM will have overall project responsibility for planning, engi- = = 
| neering design, cost estimation, scheduling, and budget management 
for procurement, fabrication, and construction during the design and 
construction phases of the TMT and related facilities. In the deter- 
mination of design and performance specifications, and the (acts 
development of engineering design concepts, the PM will workin = 
_ close cooperation with the Project Scientist. : 
_Applicants should have demonstrated ability to complete major — 
| Projects on time and within budget. Experience in the development 
| Of stand-alone research facilities is valuable. Knowledge of electro- 
| mechanical and optical systems, computer environments, structural 
engineering, and laboratory research facility designs is desirable. 
| Experience as manager of major research construction projects is a 
requirement. Applicants with degrees in engineering or physical 
sciences are preferred. i 
The PM will be an Associate Director of Lick Observatory reporting | 
to a UC Executive Management Committee [EMC]. Salary will be 
commensurate with experience and qualifications. 
Applicants should send resume and the names of three persons eee 
| who have been asked by the applicant to submit letters of profese c 5 
| sional reference directly to the Chair. All application materials should 
| be received by September 15, 1984 and sent to: a oh 
Dr. Harold Ticho | lan ae 
TMT/EMC Chair 
c/o Lick Observatory 
University of California 
Santa Cruz, California 95064 


An EEO/AA EMRI o i i 
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ee UNIVERSITY UNIVERSITY OF WARWICK » 
KING SAUD UNIVERSITY OF SYDNEY POSTDOCTORAL 
COLLEGE OF AGRICULTURE & || 25.0 Yin8tocy |" MICROBIOLOOY 
VETE R INARY , M E D I Cl N E (REFERENCE NO 22/01) In the Department of Bio o ical 
QASSEE M f SAU DI ARABIA LECTURESHIP Sciences to work on a project a 


by the SERC. The work will 
concerned with the modifications to 
mRNA Biochemistry iñ 
| Cyanobacteria and their 
physiological implication. Salary will 
be on the Research 1A scale: £7,190 
to £11,615 pa. The position is 
| available from ist July 1984 for two 


Appointee will have research and | 
teaching experience in mammalian 
physiology and an interest in con- 
tributing to development of self- 
instruction and audio visual 
programmes in courses of ph ysiology | 
offered in the Department to students 


Applications are invited on one year renewable contracts as: 


1. ASSISTANT PROFESSOR (RESEARCH) | 
— PHARMACOLOGY 

Applicants must be Ph.D holders with experience in isolation, 

characterization and studies on therapeutic effects of isolated 





compound of plant origin. 


2. ASSISTANT PROFESSOR RESEARCH 
— PHARMACOGNOSY 


Applicants must be Ph.D holders with experience in isolation and 


characterization of medicinal principles in plants. 

Applicants are expected to develop strong research programmes in 

the field of Medicinal Plants and Isolate Principles, and to 

characterize and study the mode of action in experimental animals. 

3. TECHNICIANS IN PHARMACOLOGY AND 
PHARMACOGNOSY 

Applicants must hold FIMLS or equivalent qualification and have 

substantial experience in advanced methods of chemical analyses 

with modern laboratory equipment, and experience in plant material 

extractions, chromatographies and methods of bioassoy. 


Benefits include: 
competitive tax free salaries 


monthly transport allowance 
free medical/ dental care 


+ k * k kkk 


end of service gratuity 


Applications should be sent, together with a photograph and 
non-returnable photocopies of academic credentials, to: 

Ms Carmel Donnachie, King Saud University Office, 

29 Belgrave Square, London SW1. 


interviews will be held in London during the second week of July 


(approx.). 





POSTDOCTORAL FELLOW 


Postdoctoral Fellow interested in 


research in Cell Adhesion. Position 
for 2-3 years; starting salary: 18K. 


Send CV and two letters of re- 
commendation to: Fred. Grinnell, 
- Department of Cell Biology, The 
University of Texas Health Sei Ctr, 
Dallas, Texas 75235. | 


An Affirmative Action/Equal 


Opportunity Institution, 
C (NW595)A 


UNIVERSITY OF EDINBURGH 


free furnished accommodation or housing allowance 
free yearly return air tickets for incumbent and family 


children’s educational allowance 


(W1043}A 
oe ei 


POSTDOCTORAL Position 
available to study the mechanism of 
coupling of muscarinic cholinergic 
receptors to the adenylate cyclase and 
phosphoinositide systems of the 
molecular basis of agonist induced 
desensitization of muscarinic 
cholinergic receptors in cultured 
cells. Send vita and three letters of 
reference to Dr T K Harden, Dept 
Pharmacol Univ North Carolina at 
Chapel Hill, School of Medicine, 
Chapel Hill, NC 27514, (NW596)A 


- DEPARTMENT OF CHEMISTRY — 
“POSTDOCTORAL RESEARCH IN 
ORGANIC CHEMISTRY 


Applications are invited for a Postdoctoral appointment to take part ina 


joint research programme investi 


gating the synthesis of carbohydrates 


and analogues using cycloaddition reactions. The work will be carried 
out in association with Dr. R.M. Paton (University of Edinburgh), from 


whom further details may be obtained, and Dr. 


R.A.C. Rennie 


` {Corporate Bioscience Group, ICI pic). The post is tenable for 3 years 
and is funded by the SERC Cooperative Awards Scheme. The salary 


“will be on the RA/1A scale starting at £7630. 


dvantageous 








of veterinary science and agricultural | 


science. The major research interests 
in the Departments are physiology of 


the digestive and reproductive | 


systems. 


Salary range: $A24,353 — $31,994 | 


pa (under review). 


Appointments to lectureships are 
usually probationary for three years 
and the University reserves the right 
not to proceed with any appointment 
for financial or other reasons. 


Applications, quoting reference 


| no, including curriculum vitae, list of 
publications, the names of three | 


referees to the Registrar, University 


of Sydney, NSW 2006, Australia, by | 


13 July 1984. Further general inform- 


ation available from Association of | 


Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIHOPF. (W1061)A 





THE FLINDERS UNIVERSITY 
OF SOUTH AUSTRALIA 


PROFESSOR OF 
CHEMISTRY 
(Organic Chemistry) 


Applications are invited from 
chemists working in any area of 
organic chemistry for appointment to 
a second Chair of Chemistry in the 
School of Physical Sciences. The 


Professors are expected to provide | 
leadership both in research and in the | 


teaching of chemistry in the 
University. 


Currently, the major areas of 
research in organic chemistry are the 
synthesis of alicyclic compounds for 
NMR and substituent effect studies; 
organometallic chemistry, and the 
synthesis of aromatic compounds of 


< i medical interest. Other major areas 
| of research in chemistry are the 


structure and reactivity of solids and 


solid surfaces, catalysis and electro- 


chemistry. 
Salary: $A51,006 a year (academic 


salaries are currently under review). 


Enquiries of an academic nature 


| may be directed to Professor B.G. 


Baker, School of Physical Sciences. 
Further information about the 
position, the conditions of appoint- 


' ment (including superannuation 


arrangements) and details required of 
applicants may be obtained from the 


of Commonwealth Universities 
(Appts), 36 Gordon Square, London 


$ WCIH OPF. 


Applications should be lodged 
duplicate, with the Registrar, T 
Flinders University of Sout 


| Australia, Bedford Park, South | 


Australia 5042, by 17 August 1984." 


Secretary General; The Association | 













years three months. 


Applicants should send a cv 
detailing relevant experience, 
together with the names and 
addresses of two referees, to the 
Executive Officer, Department of 
Biological Sciences, University of 
Warwick, Coventry CV4 7AL, 
quoting reference NGC/NAR, by 


| 29th June, 1984. 


Informal enquiries can be made 
direct to Dr N G Carr, Biochemistry 
Department, University of 
Liverpool, 051-709 6022 ext 2518. 7 

(2310) AF 










THE AUSTRALIAN 
NATIONAL UNIVERSITY 
Research School of Biological 
Sciences 
DEPARTMENT OF NEUROBIOLOGY 
RESEARCH 
FELLOW/SENIOR 
RESEARCH FELLOW 
Applicants should have experience in 
the analysis of insect central neura 
processing. Skill with microelectrode 
recording, dye filling, and the use of 
computers for data processing woulc 

be an advantage. 


Salary will be in accordance witt 
qualifications and experience withir 
the ranges: Senior Research Fellow 
$A35,720 — $442,607 pa; Reséary 
Fellow $A25,571 — $A33,594. pz 
($A1: £0.64p: $US0.89 approx). 


Appointment will be: Senio: 
Research Fellow/Research Fellow 
normally up to three years with the 
possibility fo extension to maximun 
of five years. 





Grants are provided towards trave 
and removal. Assistance toward 
housing is given to an appointee fron 
outside Canberra. Eligibl 
appointees will be required to join th 
Superannuation Scheme fo 
Australian Universities. Maternitt 
leave is available. The Universit: 


| reserves the right not to make al 


appointment or to make al 
appointment by invitation at am 
time. 


Prospective applicants shoul 
write to the Acting Registrar 
Australian National University 
GPO Box 4, Canberra, ACT 2601 
Australia, or regar 
General, Association “7 
Commonwealth Universfitie 
(Appts), 36 Gordon Square, Londo 










| WCIH OPF, for further particular 
| before submitting applications 
which close with the Acting Registra 


he University on 25 July 1984, — 


| The University is an equal oppor 
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cee ADJUNCT 

_ ASSISTANT PROFESSOR 
Position available January 1, 1985 
for. a molecular biologist with a 
-primary interest in hormone action 
and gene expression. The applicant 
mustye a PhD or equivalent, plus 
postdoctoral experience in tech- 
niques of molecular biology, includ- 
ing general recombinant DNA tech- 
niques, methods of chromatin 
Structure studies and gene transfer. 
Applicants must be willing to work 
collaboratively with other molecular 
biologists in a research institute 
setting. 


Send applications to Dr John 
Baxter, Chairman, Search Commit- 
tee, Metabolic Research Unit, 
671-HSE, University of California, 
San Francisco, CA94143. The Uni- 
versity of California San Francisco is 
an Equal Opportunity/Affirmative 
Action employer. Women and 
minorities are encouraged to apply. 

(NW604)A 












THE UNIVERSITY OF 
WESTERN AUSTRALIA 
Perth 


SENIOR TUTORSHIP IN 
GEOLOGY 
(PALAEONTOLOGY) 
(FIXED TERM) 


Applications are invited from candi- 
lates with a higher degree. and 
esearch experience in the field: of 
yalaeontology for a three year fixed 
erm Senior Tutorship to commence 
n August 1984. All interested and 
jualified persons are encouraged to 
pply, but the department will par- 
icularly welcome enquiries from 
andidates with a background in the 
pplications of palaeontology to 
edimentology and stratigraphy. 
ome knowledge of micropalaeon- 
alggy would also be an advantage. — 






st in the design and. te: 
ndergraduate courses in pa 
gy and stratigraphy, inc 
‘aining in sedimentar: 
upervision of honours: si 
Iso be required and. t 
pplicant wil be 
evelop research 
; an individual or 
ith others. Wester 







entary 


ogical 
tuna. The Devonian, Permian, 
iwassic, Cretaceous and Quaternary 


“particular provide material for 
gnificant research. 


Current salary range: $A20991 
1A24047 per annum. Benefits 


clude superannuation, fares to | 


rth for appointee and dependent 
mily and removal allowance. Con- 
tions of appointment will be speci- 
‘din any offer of appointment 
uchmay be made as a result of this 
veriisement. 






A plications in duplicate stating 
Il personal particulars, qualifica- 
ins and experience and the names 


d addresses of three referees, | 


ould reach the Staffing Officer, 
tiversity of Western Australia, 


‘dlands 6009, Western Australia, | 


28th July 1984. (WI10S7)A. 





appointee will be asked to | 


















UNIVERSITY 
OF NOTTINGHAM 
MEDICAL SCHOOL 
DEPARTMENT OF PATHOLOGY 
WELLCOME TRUST 
LECTURESHIP 


Applications are invited for the 
position of Lecturer (Medical or 


Non-Medical) in the Department of | 
Pathology at Queen’s Medical | 
Centre, Nottingham, The purpose of - 
this Lectureship is to enable a young | | 
medical or non-medical graduate to | 
| engage in a major research | 
programme in some aspect of tissue | 


pathology or related basic science 


subject. The Wellcome Trustees have | | 
made this award for three years in the | 
first instance with the possibility of | 


renewal for a further two years, 


Applications should be supported | 
by a 500 word summary outlining aj $ 
proposed research programme. | 
Prospective applicants should be less | 
than 35 years of age and should not | 
already hold a tenured post. Salary | 
will be on the Lecturer scale with | 


membership of USS. 
Further 


(0602) 700111 extension 3202), to 


| whom completed applications should 


be returned by 10th July 1984. 
(2324)A 





THE OPEN UNIVERSITY 
Faculty of Science 


TEMPORARY 
LECTURESHIP IN PHYSICS 
Applications are invited for a 
temporary post as Lecturer in Physics 
at The Open University. The success- 
ful applicant will join a team of 


_ others to prepare course material for 
. & second level physics course in 


Properties of Matters, using multi- 
edia teaching techniques. In 


pected to carry out research. The 
tysics Discipline has individuals or 
groups active in the following areas: 


| Atomic and Molecular Spectroscopy, | 


Biomagnetism, Nuclear Structure 
Physics, Theoretical High Energy 
Physics, Solar Energy and Semi- 
Classical Approaches to Quantum 
Mechanics, and applications from 
candidates active in any of these 
fields would be especially welcome. 


This post is available for three 


years from Ist September 1984. The | 


salary will be at a point on the 
Lecturer A4 salary scale £7,190 — 


£14,125 pa depending on age and | 


experience. 


Candidates should hold a first 
degree and a PhD in Physics. An 


interest in distance teaching will be an 


advantage. 







Application form and further par- Fj 


ticulars are available from The 


Assistant: Secretary (Scien ce) f 
(4748/2), The Open University, |- 


Walton Hall, Milton Keynes MK7 
6AA or telephone Milton Keynes 


(0908) 653481 /653993: there is a 24 


hour answering service on 653868. _ 


Closing date for applications: 2nd 
Yo 36DA 





information and | | 
application forms may be obtained | 
from the Deputy Registrar, Medical | 
School, Queen’s Medical Centre, | | 
Nottingham NG7 2UH. (Telephone | 


of ores and mineral pr | 
© DUTIES: In seeking its objectives, the Division undertakes extensive 


| Sintering of ores, direct reduction of iron ores, etc. In all cases, a heavy 


dition, the successful candidate is | 


Classified 7 


CSIRO 


AUSTRALIA 


Chemical/Mechanical 
Engineer or Physicist 
$A25,342 — $A37,274 


DIVISION OF MINERAL ENGINEERING 
CLAYTON VIC 


CSIRO conducts scientific and technological research in laboratories . 
located throughout Australia and employs about 7,500 staff, of whom E 
some 2,900 are professional scientists. The Or anization’s research- 
activities are grouped into five Institutes: Animal and Food Sciences, 
Biological Resources, Energy and Earth Resources, Industrial $ - 
Technology and Physical Sciences. The CSIRO Division of Mineral § 
Engineering is a member of the Institute of Energy and Earth Resources, Eo 
FIELD: Mathematical Modelling. F me toe 
GENERAL: The Division of Mineral Engineering, located at Clayton, in @ 
Melbourne, forms part of the Institute of Energy and Earth Resources. E 
The Division conducts theoretical, experimental and application 
studies aimed at developing, improving and controlling industrial 
processes. Particular emphasis is placed on the treatment and handling 

ucts. | 


mathematical mode ango various operations in extractive metallurgy. E 
Current activities include deterministic models of bubbles in fluidized $ 
beds, heat and mass transfer in various packed bed configurations, the $ 


emphasis is placed on proper validation of the models: against $ 
experimental measurements. | ee 
The Division is expanding its modelling interests to include multi-phase $- 
flow systems with flow in 3 dimensions and concurrent chemical E 
reactions, as found in various pyrometallurgical processes. The $- 
Division is seeking a chemical engineer, mechanical engineer or E 
physicist with experience and interestin such numerical modelling: The 
appointee will undertake research on the development and validation of © 
numerical models, initially of certain high temperature gas/slag/metal _ 
systems. ee 
The Division is well equipped with computer systems and may, 
addition purchase appropriate software packages for. mu 
dimensional flow computations. wee oe, ee 
QUALIFICATIONS: A PhD degree or equivalent qualifications. plus 


research experience in an appropriate discipline, eg. Chem 
Engineering, Metallurgy, Physics, together with experience re 
Outstanding applicants may be considered for appointment ata higher 
classification. en ee 
TENURE: Indefinite with Australian Government superannuation 
benefits available. Mee Not ee St 
APPLICATIONS: Quoting reference No A1537, should be directed t 

















The Chief So A ey, By Ai 

CSIRO Division of Mineral Engineering 

PO Box ea er 

CLAYTON VIC 3168 

AUSTRALIA P r 
By uly 13, 1984. EIN ae ee ees 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER. (W1043A P 














CENTRAL BIRMINGHAM HEALTH AUTHORITY 
THE CHILD REN'S H OSPITAL 


SENIOR BIOCHEMIST/SCIENTIST 


Applications are invited from suitably qualified graduates to work in 
the CELL CULTURE/ENZYMOLOGY section of the Department of 
Clinical Chemistry. This section is part of the laboratory which 
provides a Regional service for postnatal diagnosis of inherited 
metabolic disorders, 


This is a specialised: post and the work involves enzyme and 





metabolite assays in blood, fibroblasts and other tissues. Previous 
experience with cell culture techniques and enzymology, although 
hot essential, will be an advantage. 


Potential applicants are encouraged to visit the Department 


‘by prior arrangement with the Head of Department, Mrs 
Anne Green (021 454 4851 ext 290). Application forms/Job 
descriptions available f rom Personnel Officer, The Children’s 
Hospital, Ladywood Middleway, Birmingham 816 BET. 
Closing date for receipt of applications — 6th July 1984. 























The Sandoz Institute for Medical Research 
invites applications for the positions of Head of 
Laboratory (one in Biochemistry and one in Cell 
Biology & Cell Culture) tenable from 1 January 


1985. 


The Institute will be housed in well-equipped 
and spacious new laboratory accommodation 
which is being built within the precincts of 
University College London, with which strong 
academic links will be forged. The scientific staff 


will be up to 25-30 by 1987. 


The Institute will embark on a programme of 
basic research in neurobiology, concentrating 
initially on mechanisms involved in nociception, 
with the long-term aim of developing new 
compounds of potential therapeutic value. 
Initially there will be six laboratory groups 
(Medicinal Chemistry, Biochemistry, 
Neuropharmacology, Cell Biology and Cell 
Culture, Immunology, Cellular Electro- 
physiology) which will collaborate on a 


range of individual projects. 


Applicants for both positions need to 
have proven ability to organize and 


THE UNIVERSITY OF 
WESTERN AUSTRALIA 
i PERTH 
LECTURER IN ZOOLOGY 
(MAMMALIAN ECOLOGY) 
(FIXED FERM) 


Applications are invited from 
suitably qualified persons for 
appointment for three years with 
- some prospects of continuation to a 
Lectureship in the Department of 
Zoology. The Department has a 
tradition of marsupial studies in this 
_ appointment wishes to emphasize 
-~ marsupial population biology. 
_ Exerpertise in- mammalian popu- 
“ation biology is sought; previous 
marsupial experience is not required. 
The Department runs a number of 
field stations suitable for the study of 
marsupial populations. The 
appointee will lecture to undergradu- 
ates generally and ina specialist unit, 
undertake research, and will be 


encouraged to lead graduate 
students. 
Current salary range: 


$A424353-$A31994 per annum. 
Benefits include superannuation, 
fares to Perth for appointee and 
_ dependent family and removal allow- 
ance. Conditions of appointment will 
be specified in any offer of appoint- 
‘ment which may be made as a 
of this advertisement. 









result 





supervise the running of a research laboratory, 
and to contribute original ideas to a 
multidisciplinary research effort. Enthusiasm for 
interdisciplinary collaboration is essential. 


Candidates for the Biochemistry position should 


have experience in the field of receptor- 
regulated mechanisms and/or the isolation and 
characterization of membrane proteins. 
Candidates for the Cell Biology position should 
have general experience in cellular 


neurobiology and neuronal cell culture 








SANDOZ 


UNIVERSITY 
OF LONDON 
INSTITUTE OF PSYCHIATRY 
The Bethlem Royal & The 
Maudsley Hospitals, London 


LECTURESHIP IN OLD AGE 
PSYCHIATRY 


Applications are invited for a second 
post of Clinical Lecturer in the newly 
established Section of Old Age 
Psychiatry. The applicant will be 
expected to initiate new research and 
teaching of the subject and to assist 
the Professor in administrative and 
clinical duties. 


The post is open to suitably 
qualified psychiatrists or clinical 
psychologists. Psychiatrists should 
possess the MRC Psych or a higher 
postgraduate degree and would have 
an Honorary Senior Registrar 
contract. Clinical psychologists 
should possess an appropriate post- 
graduate qualification, A commit- 
ment to the social, psychological and 
scientific problems of oid age is essen- 
tial but a flexible view will be taken of 
what constitutes relevant experience, 
more emphasis being laid on 
academic track record than on 
formal training in the field. 


> Salary within the: range appro- 


-priate form the discipline. 


Applications should be in the form 
of a curriculum vitae (6 copies} with 


‘the names of two referees. They 


should be sent by I 4th July to Pro- 
fessor Raymond Levy, Institute of 


Psychiatry, De Crespigny Park, 
-London SES 8AF from whom further: 


particulars may be obtained. 
ar (2364)A 


anaiena anina ACTA ALA A a 











| 
| 
| 
| 


techniques, preferably with an interest in the 
biology of sensory neurons. 
Salary negotiable, plus comprehensive benefit 
package including car. Assistance with 
relocation if required. | 
Applications by 16 July 1984, including cv and 
names of three referees, to Professor H.P. Rang, 
FRS, Director, Sandoz Institute for Medical 
Research, Department of Pharmacology, 
University College London, Gower Street, 
London WCIE 6BT (Telephone 

01-388 5314), from whom further 

information can be obtained. 


(2302)A 


ST GEORGE’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 


POSTDOCTORAL 
RESEARCH FELLOW 
DEPARTMENT OF PHYSIOLOGY 


Required for 2 years for work on the 
electrophysiology and pharmacology 
of amino-acids in brain slices. A 
background in electrophysiology 
would be an advantage, though not 
necessarily using slices. Initial emolu- 
ments up to ££8,376 pa. 


Application form and further 
details from the Establishment 
Officer (Ref: FP), St George’s 
Hospital Medical School, Cranmer 
Terrace, London, SW17 ORE. 
Closing date: 4th July. (2352)A 





INSTITUTE OF 
CANCER RESEARCH 
POST-DOCTORAL FELLOW 


is required at the Institute’s Chemical 
Carcinogenesis Section, Chester 
Beatty Laboratories, Pulham Road, 
SW3, for a project involving the 
investigation of the mechanisms by 
which polycyclic aromatic hydro- 
carbons are activated by metabolism 
in rodent and human cells and tissues. 
Appointment is for two years in the 
first instance. Salary in range 
£7,190-£8,975 pa, plus London 
Allowance of £1,186 pa. 


Applications in duplicate with the 
Personnel Officer, 


London; SW7 3NU, quoting ref 
300/G/50. (2354)A — 
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au Southampton § 
| THE i 

ró UNIVERSITY 
te 


| POST-DOCTORAL RESEARCH 
FELLOW 


Department of Biology 


























Applications are invited from plant 
taxonomists to work with Dr F A 
Bisby and Or R J White for three 
years commencing 1 October 1984. 
The collaborative project, sup- 
ported by SERC and Biosis UK Ltd, 
involves experiments with dissemi- 
nating taxonomic information from 
a computer database. The suc- 
cessful applicant will have a recent 
PhD and an interest in applying 
classical techniques in mor 
phology, anatomy and nomencia- 
ture to the legume tribe Vicieae. 

Starting salary £7,190 (under 
review) with annual increments and 
USS benefits. eae 
Further information may be obtaigy: 
ed if required from Dr R J Whife, 
Biology Department, South- j 
ampton University. Applications 
| with curriculum vitae and names of | 
| two referees should be sent to Mr D 
AS Copland, Staffing Section, The. 
University, Highfield, Southamp- 
ton S09 SNH as soon as possible, 
and not later than 20 July 1984. 
Please quote reference number 
2052. {2323A 












TRANSLATORS, Russian to 
English, work at home in free time. 
Specialists in fisheries, aquatic 
biology and soil science reply to 
Scripta Technica (subsidiary to John 
Wiley & Sons, Inc. Publishers), 7961 
Eastern Avenue, Silver Spring, MD, 
20910, (NWSOTDA 






UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF PHYSIOLOGY & 
PHARMACOLOGY 
TEMPORARY LECTURER 


Applications are invited for í 
Temporary Lectureship (three years) 
In addition to teaching duties, thr 
suecessful candidate will be expectec 
to carry out research within the fiek 
of “muscle energetics, metabolisn 
and locomotion of Antarcti 
animals’. This work is supported b: 
an award from the NERC Antarti 
Research Special Topics Programm 
to Dr 1 A Johnston. 


Some relevant postdoctoral o 
equivalent research experience ii 
muscle research is essential. Excellen 
research facilities and support ar 
available for studies of musch 
physiology and biochemistry. 


Salary at appropriate poin 
range £7,190 to £8,530 per 
(under reveiw), plus USS. 


Further particulars are availabl 


hy 






| from the Establishments Officer, Th 
the | University, College Gate, $ 
names of two referees to the | 
Institute of | 
‘Cancer Research, 34 Sumner Place, ` 


Andrews, Fife KY16 9A], to whor 


_applications (two copies preferably i 


“typescript) with the names of thre 


| referees, should be sent to arrive nc 
tater than 7 July 1984. 


(2891)A 
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KUWAIT 

UNIVERSITY OF KUWAIT HEALTH 
SCIENCE CENTRE 

FACULTY OF MEDICINE 


Appointment in Anaesthesia P 

The Faculty wishes to appointa Professor or an Associate Professor to lead the Division of Anaesthetics 
at the University Teaching Hospital (Mubarak Hospital). The successful applicant will have to be an 
established consultant, preferably at a University Undergraduate Teaching Hospital. The principal 
tasks will be to develop a high quality of anaesthetic service, and postgraduate teaching programmes 
and participate in undergraduate teaching programmes. Facilities for research have been set aside in 
the Department of Surgery and applications for research funds will be favourably considered. 









The successful applicant will also be appointed as Head of the Clinical Department of Anaestheticsby = = 
the Ministry of Health and sit on the Discipline Committee for Anaesthesia for the State of Kuwait. He 
may, in due course, be appointed Chairman. The minimum duration of appointment will be 2 years. 







Requirements for Appointment | 

Applicants for Professorship or for Associate Professorship should possess a PhD, or higher 
professional medical qualification (e.g. MRCP) in their respective speciality and have teaching 
experience and conducted and published research in their field. Associate Professors should have9 
years’ experience past M.B., 4 as an Assistant Professor or its equivalent, i.e. Lecturer. 







Conditions of Appointment es 
Salaries: Total monthly salaries will be within the following scales according to qualifications and = 
experience (1 KD=£2.1, US$2.91 approx). Professor with clinical appointments: KD 1210-1370 (8 
increments); Associate Professor with clinical appointments: KD 989-1149 (8 increments). hie 


Clinical supplements: in addition to the above University salaries there will be a monthly clinical. | 
supplement paid by the Ministry of Public Health for ten months’ a year to medical school staff with. 
clinical service commitments. These are: Professor KD 200: Associate Professor KD 150. - 






Gratuity: There is a gratuity of one month's basic salary for each year employed payable on: termination ' 
of contract. E E ET 


ply furnished, air-conditioned accommoda tion, electricity and water are provided free of 





Travel: Air tick provided from the country of recruitment for the appointee, spouse and up to 
| under 20 years, there after, return air tickets are issued annually to the country 
nent residence. On termination of contract, air tickets are provided to the 
A baggage and freight allowance is also provided. In addition, travel expenses 


e ntific meeting a year are paid by the University up to KD 500 per year. 











ys paid annual leave and various national holidays. 


yormally provided free in State schools where the instruction is in Arabic. Staff who 


Education: orn , Arar 
“children to non-Arabic schools in Kuwait will have a part of the tuition fees of up toa 


have to send 












Dianita 


maximum of three met by the University. 








Taxation: There is no income tax in Kuwait. Currency is transferable without restriction. 


Method of application: 
Curriculum vitae in duplicate, which 
career history, teaching experience, rese 
together with the names of three refere 
science Centre, PO Box 2492 
Advertisement. á 
















Enquiries: Further. particulars may be obtained from PROFESSOR M. D. VICKERS, Welsh N ational ; 
school of Medicine, Department Anaesthetics, Health Park, Cardiff, CF4 4XN, who is advising the 






UNIVERSITY 


RESEARCH SCHOOL 
OF CHEMISTRY 


POSTDOCTORAL RESEARCH 
POSITIONS 


Applications are invited for postdoctoral research positions in the 
Research School of Chemistry. Current major research interests in the 
School are: 
Organic Chemistry (Professor A L J Beckwith, Professor L N Mander, 
Mr R W Rickards, Dr J K MacLeod, Dr L Radom): including free radical 
reactions; mechanistic and synthetic organic chemistry; reactive 
intermediates; organic and bio-organic chemistry of bilogically active 
compunds; ICR and mass spectrometry; ESR spectroscopy, 
theoretical organic chemistry. 
Inorganic Chemistry (Professor B G Hyde, Professor A M Sargeson, Dr 
M A Bennett, Dr G B Robertson, Dr S B Wild): including solid state 
inorganic chemistry; synthesis, structure and reaction mechanisms of 
transition metal complexes; biomimetic chemistry; organo-transition 
metal chemistry; X-ray crystallography: resolution and reactions of 
chiral arsines and phosphines, Physical and Theoretical Chemistry 
(Professor D P Craig, Dr J Ferguson, Or R Bramley, Dr T R Welberry, 
‘Dr D J Evans): including molecular and crystal theory; spectroscopy 
and photochemistry; photophysics and magnetic resonance, X-ray 
diffraction and theoretical studies of disordered materials; liquid state 
chemical physics. 
There are three levels of appointment, Postdoctoral Fellow, Research 
Fellow and Senior Research Fellow. The level appropriate for each 
appointee will be determined by the University and will depend on 
qualifications and experience. Appointment as Postdoctoral Fellow will 
be for one or two years; appointment as Research Fellow and as Senior 
Research Fellow will be for three years in the first instance. Salary will 
be within the ranges: Postdoctoral Fellow $A22,041 — 25,249 pa; 
Research Fellow $A25,571 — 33,594 pa; Senior Research Fellow 
$A35,720 — 42,607 pa. Current exchange ranges $A1: Stg 64p: $US 
90c. Reasonable travel expenses are paid and assistance with housing is 
given for an appointee from outside Canberra. Superannuation benefits 
are available. Maternity leave is available. 


Further particulars on the appointments may be obtained on 
request to the Secretary General, Association of 
Commonwealth Universities (Appts), 36 Gordon Square, 
London WC1H OPF.or to the Acting Registrar, Australian 
National University, GPO Box 4, Canberra, ACT 2601, Australia. 
There is no application form. Applicants should supply to the 
Acting Registrar of the University by 24 August 1984 a 
curriculum vitae, list of publication, and statement of research 
interests together with two passport-sized photographs, the 
+’. names and addresses of three academic referees and the 
|- probable date on which the Postdoctoral Fellowship, Research 
Fellowship or Senior Research Fellowship, if awarded, could be 
taken up. 


The University is an equal opportunity employer. (W1056)A 





UNIVERSITY Please mention 


OF OXFORD 












NUFFIELD DEPARTMENT OF nature 
TEMPORARY : 
RESEARCH when replying to 
TECHNICIAN these advertisements 












A short-term vacancy has arisen. 
for a technician (M.L.S.O. Grade) 


























pratect. 











ted ta permit icensing negotiations. 





Seine 











1 $. ptease write in Engtiah. French or German 10: 





































ST BARTHOLOMEW’S HOSPITAL 
RESEARCH 
ASSISTANT 


Applications are invited for an MRC-funded research position which itis. 
hoped will be available for commencement in October, 1984 for 3years. 
The project, under the supervision of Dr P.J. Lowry and Dr G. Gillies in 
the Protein Hormone Unit, is to investigate the control of release of 
hypothalamic corticotropin releasing factors employing the techniques 
of hypothalamic neurone culture, isolated pituitary cell bioassay, radio- 
immunoassay, immunoradiometric assay and chromatography, 
including HPLC. Starting Salary (Range 1B) £6,310 + £1,186 London 
Allowance. Applicants should possess, or hope to obtain a good 
Honours degree in Pharmacology, Biochemistry, Physiology or some 
other relevant subject. | 

Applications may be made in writing, enclosing a Curriculum 
Vitae to The Secretary, St. Bartholomew’s Hospital Medical 
College, West Smithfield, London EC1A 7BE, quoting reference 


















to assist with studies on the regu- VIM IUT C 
lation of insulin secretion. Exper- YOU'VE GOT A 
fence of tissue culture would be BRIGHT IDEA 
far new biological or 
ph K -> chemical compounds. 
e Saree - fo develop new drugs. 


We are not g pharmaceutical tim but a Swiss-vased. {i 
indeoeridert financial group which is prepared lo let you 
f participate m a capital entira far Tha axpoitation at your i 


Our objective. the development of new tislogical or che 
l miom products wich had previous pharnaciogics borer- È 
firuun tothe stage of clinical tolerances ang atinacy gdu d 


To whtain om EEE raqsices for iniiai yalbetiin, A Jq sity, Shef field S10 2TN as soon 
 BEBIOPHARM S.A. Petit- Chéns 38 -1003Leuene | | possible and. not later than. 34 


RES. 16. 
Closing Date: 28th June 1984, 





UNIVERSITY 
OF LIVERPOOL 
DEPARTMENT OF RADIATION 
ONCOLOGY 
Applications are invited 
for the post of 
UNIVERSITY RESEARCH 
ASSISTANT/SENIOR 
RESEARCH 
ASSISTANT/RESEARCH 
ASSOCIATE 


in the recently formed Department of 


Radiation Oncology. The person 
appointed will assist in the 
development of human monoclonal 


THE UNIVERSITY OF 
SHEFFIELD 


DEPARTMENT CF BICCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT IN 
PROTEIN 
CRYSTALLOGRAPHY 


|| Applications are invited for the 

| above M.R.C. funded post for work 
|i on the three-dimensional structures 
| of glutamate dehydrogenase, and a 


bacterial toxin. The structural work 
is being carried out in parallel with 
enzymological and protein chemical 
studies, and will be aided by. use of 


| advanced colour graphics and a 


powerful computer. Applicants 
should have experience in crystallo- 


| graphy, preferably protein crystallo- 


graphy. Experience in diffractometer 
or oscillation camera data collection 


an advantage, Tenable for a fixed | 
term from 1 Cctober 1984 to 31 | 


August 1986, with possibility of ex- 
tension, Initial salary £7190 — 
£11160 a year on Range LA. Applica- 
tions (with e.v. and names of: tw 
referees). to Dr D W Rk 


Professor PM Harrison, the Unive 





S86) 


{} 


‘(three copies) together with th 


(2355) A 






/ 
antibodies and will be required to 
operate the Departments FACS 420 
machine. Preference will be given to 
candidates with previous experience 
of flow cytofluorimetry and cell 
sorting. | 


Salary on the scale £6,310 — 
£11,615 per annum. 


Applications, together with the 
names of three referees, should be 
received not later than 22 June, 1984, 
by the Registrar, The University, 
PO Box 147, Liverpool L69 3BX, 
from whom further particulars may 
be obtained. Quote Ref: RV/537. — 

(2308)A 


UNIVERSITY OF 
NEWCASTLE UPON TY 


THE MEDICAL SCHO 
DEPARTMENT GF ae 
PHYSIOLOGICAL SCIENCES : 


APPOINTMENT OF 

DEMONSTRATOR 
Applications are invited for a post.o 
Demonstrator (Medical or Non 
Medical) in the Department © 
Physiological Sciences. The appoint 
ment will be for up to three year 
commencing on or after Ist Octobe 
1984. Applicants who do not have 
medical degree should either have 
PhD degree or be confident 
expected to have a PhD by 31: 
December 1984. 


Commencing salary will be accorc 
ing to age, qualifications and exper 
ence on the Non-Medical Demor 
strators’ scale £6,310-£8,530 pe 
annum, or for medically qualifie 
candidates on the Pre-Clinica 
Demonstrators’ scale £7,170-£8,97 
per annum. 











Further particulars me 
obtained from the Senior Adf 
strative Assistant, The Medics 
School, The University, Quee 











ames and addresses of two referee 
ould be lodged not later than 6t 
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E “Canadian Institute for Theoretical Astrophysics/ 
institut Canadien D‘Astrophysique Theorique 


University of Toronto 


- University of Toronto is seeking to appoint a tenured full 
professor of theoretical astrophysics. The successful candidate will 
be a scientist of established stature who must also possess both vision 
and administrative ability. In addition to his own research activities, 
his primary responsibility, at least initially, will be to ensure the growth 
of the institute, CITA, in substance and concept by providing 
scientific leadership and administrative guidance in collaboration with 
the national Council of the institute. The professorship will be in 
CITA, within the School of Graduate Studies, with cross- 
appointments foreseen in the Department of Astronomy and/or 
Physics. Send letter, CV and arrange for letters from three persons 
commencing on suitability for the described position to reach: 
Chairman, CITA Council, Canadian Institute for Theoretical 
Astrophysics, University of Toronto, Toronto, Ontario MSS 1A7 at 
the earliest possible time, and not later than 1 September 1984. In 
accordance with the requiations of Canadian immigration, preference 
will be given to Canadian citizens and permanent residents. 

{(NVV605) 



































| HILL FARMING RESEARCH ORGANISATION 
Scientific Officer 


Applications are invited for the post of Scientific Officer in our Systems 
Studies programme at Hartwood Research Station. 

The Hill Farming Research Organisation is an Equal Opportunities 
Employer. 


The Principal duty of the post will be responsibility for the day to day 
management of sheep systems studies at Hartwood. The successful 
candidate will be directly responsible to the project leader and will be 
expected to collect and record the necessary data. 
| | Qualifications: A degree in Biology or Agricultural Science. 
| Salary: According to qualifications within the scale £5,682 to 
There is a non-contributory terminal salary superan- 
uation scheme. Male members of staff must pay 12% 
of salary in respect of widows’ pension rights. 
22 days annual leave — 
Application forms and further information may be obtained 
from the Assistant Secretary, Hill Farming Research 
Organisation, Bush Estate, Penicuik, Midlothian EH26 OPY to 
whom they should be returned not later than 29 June esl 
Bt Ce { À 







WESTMINSTER ME 







SCHOOL | OF WALES 
HISTOPATHOL(¢ ABERYSTWYTH 
DEPARTME POSTDOCTORAL 
Applications are in - RESEARCH: MICROBIAL 
RESEARCH PO < PHYSIOLOGIST 


Applications are invited for a Post- 


‘THE UNIVERSITY COLLEGE | 













Murdoch 
University 


PROFESSOR OF CLINICAL PATHOLOGY 
SCHOOL OF VETERINARY STUDIES 


Applications are invited for the Chair in Clinical 
Pathology in the Division of Applied Veterinary | 
Medicine. The holder of the Chair will be expected ` 
to have a sound knowledge of and experience in 
interpretive laboratory medicine, to facilitate the 
interface between Pathologists and Clinicians, to 
provide leadership in the teaching and service work 

of Clinical Pathology and in research activities in 
the Clinical areas of the School. og 
A statement about the University, the School and o 
the responsibilities of this post, together with acopy — 
of the conditions of appointment, are available on 





-request from either the University or the Association - 


of Commonwealth Universities. 
SALARY 
$A51,006 per annum. : 
Conditions of appointment include superannua- 
tion, long service leave, access to outside studies 
programmes, payment of fares to Perth ftor- 
appointee and dependent family, removal and 
settling-in allowances. ME kr 
PROCEDURE FOR APPLICATION = == 
There is no prescribed application form. Applic: nts 
are invited to submit a full curriculum vitae sup 
ported by an appropriate letter including the name 
and addresses of three referees, Applications 
requests for information should be sent to: 
The Personnel! Offi : 
Murdoch Universit 
Murdoch, Wes 
Applicants resident in the U 
or Africa at the time of appl 
ward one further copy to: — e ae 
The Secretary General, 
Association of Commonwealth 
Universities, 
36 Gordon Square, 
London WC1H OPF, United Kingdom 
























d Kingdom, Europ 
ion should also for 


two years. eare 
to evaluate immunoc 


-Experience in histopat 
techniques is essential, whil 
edge of immunocytochemica 


1iques, although not essential, would 
je useful. Salary on the MLSO scale 
with conditions of service compar- 


tble to Whitely Council. 


Further information may be 
btained by telephoning Dr Mary 
eader on 01-828 9811 ext 2301, 
~ungiculum vitaes should be sent 
Ogether with the names and 
iddresses of two referees to Dr Mary 
wader, Histopathology Depart- 





nent, Westminster Medical School, . 


7 Horseferry Road, London SWIP 
AR. 


Closing date for applications: June 
Oth. (2359A 






doctoral post funded by the SERC | 


Biotechnology Directorate, and con- 


cerned with biotransformations by 


spectes of Clostridium. The applicant 


will join an established research 

y- | group led by Professor J G Morris, 
> | Studying fermentation processes in 
- |-anaerobic bacteria maintained in | 
i batch and continuous flow culture. 
“Informal enquiries may be made of 


Dr Douglas Kell by telephoning 
(0970) 3111, Ext 3055, 

The appointment will be for up to3 
years, depending on the starting date, 
and will commence not later than 1 


October 1984. The salary scale is | 
£7190 to £11615 per annum (under Ba depending on age. London 


Application forms and further par- | Weighting paid in addition. 


review). : 


ticulars may be obtained from the 
Staffing Officer, The University Col- 


lege. of Wales, Old College, King 
| Street, Aberystwyth, SY23 2AX (Tel - 
(0970) 3177, Ext 207). Closing date 


for applications: 2 July 1984.(2336)A 





CELL BIOLOGIST 


Post-doctoral position available to 


| investigate the molecular basis of 
| cell-to-cell interaction and lysosomal 


enzyme transfer. Interest experience 


| of sub-cellular fractionation and 
| membrane biochemistry would be 
| advantageous. pa 


Salary on the Universities Research 


sand. Analogous Staff Scales 


Applications with curriculum vitae 


| and names of two referees to The 
General Secretary, The Mathilda and | 


Terence Kennedy Institute of 
Rheumatology, Bute Gardens, 
London W6 TDW” {2313)A 





THE KENNEDY INSTITUTE 





HILLINGDON HEALTH. 
_Harefield Hospital 
Harefield, Middlesex 

CELLULAR 
IMMUNOLOGIST 
to work in Transplant Unit 
Recently qualified PhD or experi- 
enced graduate to work on human T 


cells, experience in cell culture and T 
cell cloning would be an advantage. 


Salary appropriate to age and 
qualifications. 


Curriculum. vitae with names of 
two referees to Personnel Office, at 
the above address, 

Closing date: 29th June 1984. 
he p (2365)A 
























































~ Public Service Commission . 
- - of Canada 3 


< Commission de la Fonction | 
publique du Canada | 


Research Scientist, 
Earth Structure 
— Studies 


Energy, Mines and Resources 
Earth Physics Branch 
Ottawa, Ontario 


“a Sewanee oe renee tenet | 

We require a geophysicist/geologist to conduct field 

investigations and research studies into the nature and 
“structure of major geological features throughout the 
_ Canadian landmass. Emphasis will be on the application 
of deep seismic reflection techniques, including 
Eo vibrosesis, and regional three-dimensional seismic 
= refraction methods. Other geological and geophysical 
< methods will be incorporated as necessary. Field 
~ investigations will be carried out in all parts of Canada, 
-from the east and west coasts to the Arctic Ocean Basin. 
Research studies will demand extensive use of 
state-of-the-art computer-based processing and 
international methods. 

You require graduation with a doctorate degree from a 

recognized university in geophysics, geology. physics or a 
related field, or a lesser degree with evidence of research 
experience and productivity equivalent to that of a 
doctorate degree. Extensive experience in the processing 
and interpretation of multifold seismic reflection data is 
also required. Knowledge of either English or French is 
essential. 

We offer a salary ranging from $26,834 to $49,913. 
commensurate with your qualifications and experience. 
Effective 23 June 1984, the revised salary range will be 
$28,176 to $52,409. 

Forward your application form and/or résumé, 
quoting reference number 
§-84-31-5523-JG47( G26), to: 
Joan Girling (613) 593-5331 

-Public Service Commission of Canada 
‘Ottawa, Ontario KIA OM7 


Closing date: 31 August 1984 (NW599)A 


University of Californi 

Lawrence Berkeley 
Laboratory 

- Announces an opening 

1 January 1985 for 

Associate Laboratory 

> Director and Head of 

| Nuclear Science Division 











Brown Tere) 





The Lawrence Berkeley Laboratory - 
is a multi-purpose research 
laboratory funded by the Depart- 
~ ment of Energy. Its Nuclear | 
. Science Division conducts a multi- 
million dollar research program in 
low, medium and high-energy 
nuclear physics. The Head of the f 
Division has primary responsibility: | 
- for the leadership and management 4 
of this program under the gener 

- direction of the Deputy Director f. 4 
` General Sciences and the Labor} 
“-atory Director. As an Associate | 
Director of the Laboratory, the | 
“incumbent will also participate in. f 
`. formulating the research policy and | 
-jong-term direction of the Lab- | 
| oratory as a whole. Candidates | 
must have had significant exper- _ 
dence as practicing nuclear 
physicists and be of the general 
<-calibre of persons holding senior 
-tenure positions in major research. 
institutions. The successful appi- 
< cant would be expected to serve as 
Associate Director and Division - 
= Head for an initial term of 3 to 5. 
= years, subject to renewal for further - 
“terms by mutual agreement. E 

































Marnm mA mta erana ar 





The Laboratory is seekin 
respected and energetik 
nuclear physicist willing to play 
a strong leadership role at a 
challenging time. Qualifi-. 
cations must be such that it will” 
be natural to consider himor her- 
for a tenured appointment in 
| the Department of Physics on 

| the Berkeley campus of the 

> University of California, as well 

-as at the Laboratory. Interested 

applicants should submit a 

. curriculum vitae, together with 

- the names of three references 

` to: Dr J.D. Jackson, Chairman, 

© Nuclear Science Search Com- 

mittee, c/o Employment Office, 

LAWRENCE BERKELEY 

LABORATORY, 1 Cyclotron 

Road, Berkeley, CA94720. Refer 

to Job A/2947.. An Equal 

Opportunity Employer M/F/#H. 

Deadline for applications: 

August 31, 1984. INWES4)A 




























Leeann eo ake 





i The Public Service of Canada is : 
| an equal opportunity employer 














UNIVERSITY OF BRISTOL Mile poo > preparation. 
oe in | Research will be undertaken in col- 


ZOOLOGY «and Dr C Little. 
POST-DOCTORAL 
RESEARCH ASSISTAN 
ostructure of 
studriné mud 


os o Bxperience in electron microscopy. 
ANT __—_ and some knowledge of microalgae is 
essential. Salary will be on the IA 
salary scale. The appointment will be 
for two years starting on 1 October 
1984. eae. 

Applications (citing 2 referees) to _ 
Dr R.M Crawford, Department of 
O Botany, University of Bristol, Bristol 
 BS8IUG byt July 1984. (2884)A | 





LABORATORY gam 













KINGDOM OF SAUDI ARABIA 
KING SAUD UNIVERSITY 





COLLEGE OF AGRICULTURE 


Qualified personnel are invited d 
MEMBERS (Professors, As: 
DEMONSTRATORS, RESEARC 





year 1984 -1985. 


| Department 
| > L Staff members: 
-f (1) Food Science 







(2) Animal Science | 
(3) Plant Production _ 


| (5) Home Economics & Nutrition 
~ {Female only) = 









OR Lecturers: 


- (1) Home Economics ‘and. pipers 
i ~ (Female only) 


‘lant Production 
} Animal Production 


Fo ‘Ii. Demonstrators: 
Ii - (1) Food Science 







(2) Plant Production 


V. Technicia 


Please apply to: 


_ P.O. Box 2460, 
5% | Kingdom of 


(4) Ag. Economics & Rural Sodolbgy e 


o w go 






Dean, College of i Agriculture, = 
King Saud University, ee 


RIYADH, SAUDI ARABIA 





pi padin na 


„Human nutrition 1 metabolism. 
. Dairy tech EE 
. Food analysis. 


` Poultry nutrition. 
. Cytogenetics. 
, Farm. management. 


: Textiles and costumes. 


Plant production (ornamentals) 
. Plant production (field crops). 


. Animal production 


. Fish and meat technology. 
. Food microbiology. 
fi Food analysis. 


. Horticulture (vegetable crops). 
. Agric. Engineering. 


. Food microbiology. 

. Food chemistry and analysis. 
. Horticulture (Pomology). 

. Field Crops (Breeding). 


a o AF | 


a. Human nutrition. 

b. Cereal technology. 

c. Analytical chemistry in the field 
of food science. 






g posts of FACU LTY 
NTS and d TECH NICIANS for the academic 


iat e Professors, A As ! 


k speaking. 


? Ph. D. , Teaching experience, Associate” 


. Marketing of agricul Itural products. or Professors only, Arabic speaking. 


. Plant production (vegetable crops). 


Preferably M.Sc. w 
_ experience in tt 









mamiianenel 


Ph. D., Teaching experience, Arabic 


_ -do- 
-do- 










Ph.D. , Teaching experience, Arabi i 
speaking. | v 





speaking. ee. 
-do- Z e 
-do-. ? i 










‘ot specialization. Paes : 


Experience i in field of work, conducting 


and operating laboratory equipment. 


| Experience and training i in operating- 


on analyses equipment f- 





A, AA, GLC, HPLC. 


a A Go od know dge of ooren h'langunga. 
























AUSTRALIA 


Molecular Biologist 
$A25,342 — $A37,274 


DIVISION OF MOLECULAR BIOLOGY 
NORTH RYDE NSW 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists. The Organization's research 
- activities are grouped into five Institutes: Animal and Food Sciences, 
Biological Resources, Energy and Earth Resources, industrial 
Technology and Physical Sciences. The CSIRO Division of Molecular 
Biology is a member of the Institute of Animal and Food Sciences. 


GENERAL: The Division, with a staff of nearly 100, has research 
programs in Animal Cell Growth and Development, DNA Maintenance 


IL. and Modification and Gene Technology. 


< DUTIES: To conduct and direct ongoing research in the area of gene 


=E cloning and expression, with particular emphasis on the molecular 
ff genetic manipulation of prokaryotic and eukaryotic micro-organisms 
ff for the purpose of metabolic modification or the production of vaccine 
~ ff antigens (and other polypeptides of interest). 

=E QUALIFICATIONS: A PhD degree or equivalent qualifications in 
ff biochemistry or a related discipline and preferably with relevant post- 
=E doctoral training. Broad experience in the various facets of molecular 


biology at the nucleic acid, protein and immunological levels would be 
an advantage. 
TENURE: indefinite with Australian Government superannuation 
benefits available. 
APPLICATIONS: Stating full personal and professional details, the 
names of at least two referees, and quoting reference No A3782, should 
be directed to: 

The Chief 

CSIRO Division of Molecular Biology 

PO Box 184 

NORTH RYDE NSW 2113 

AUSTRALIA 
By July 13, 1984. 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER (W044) A 








Structural 
Cellular/ Molecular Biologist 
Small-Angle Neutron Scattering 


The University. of Missouri-Columbia, Division of Biological f 


Sciences invites applications for a tenure-track position in the area 


of structural cellular and molecular biology at the assistant or = fI 
associate professor level, dependent on qualifications. The position. - Fy. 


requires undergraduate and graduate teaching in cellular and 


molecular biology and a biological research emphasis that eu me | 


heavily on small-angle neutron scattering. Applicants must have 
had extensive experience, and demonstrated excellence in small- 


angle neutron scattering. The small-angle neutron scattering — $ 


spectrometer at the University of Missouri Research Reactor in 


Columbia is one of only a few such instrumentsin the U.S. andisthe | 


highest flux steady-state reactor at any American University. The 
successful candidate will interact with a strong University faculty 
with interest in biological structures: nucleic acids, membranes, 
proteins, protein-nucleic acid complexes, and organelles. Modern 


biophysical instrumentation already on the Columbia campus -f| 
include: NMR (300, 200 and 90MHz); scanning and transmission — ff | 
electron microscopes: mass, fluorescence, atomic absorption, and. $] | 
) : | with Dr J A Kerr on Kinetic and 

| Mechanistic Studies of the photo- 


small-angle x-ray scattering spectrometers. i 


* 


<4 | Applicants should submit by, August 20, 1984, curriculum 
$ Vitae, statement of research and teaching interest, and _ 
rences to: Paul F. Agris, Chairman, 


‘names of three reference s, Chairma 
-© Search Committee, University of Missouri, Biological 
L. Sciences, Tucker Hall, Columbia, MO 65211. 314-882-6426. 

‘An Affirmative Action/ Equal Opportunity Emplo fer 
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Canadian Institute for Theoretical Astrophysics/ 
Institut Canadien D‘Astrophysique Theorique 
University of Toronto 
SHORT TERM FELLOWS AND 

VISITING APPOINTMENTS ' 
The community of theoretical astrophysicists in Canada, in | 
association with the University of Toronto and with funding from the 
Natural Sciences and Engineering Research Council, has recently | 
established a national centre for theoretical astrophysics. Pending 
appointment of a Director, after which longer term appointments will — 
be considered, applications are invited for short term. fellowships. 
These are intended to encompass visiting appointments at any level of 
seniority, and will be for a mutually convenient duration of up to one 
year, beginning immediately. Also included are postdoctoral and 
research associate positions, for a one year term with the possibility 
for renewal; these are likely to begin in the fall of 1984. Although 
candidates with interests spanning the whole spectrum of theoretical 
astrophysics are encouraged to apply, the Council of the institute will 
be attempting to concentrate interests at any given time to encourage 
interactions between Canadian and foreign investigators. Send letter, 
CV and arrange for three letters of recommendation to be sent to: 
Chairman, CITA Council, Canadian Institute for Theoretical 
Astrophysics, University of Toronto, Toronto, Ontario M5S 1A7 at 
the earliest possible time. Initial contact by letter or telephone — 
(416-978-4165/6840) is encouraged for established scientists — 
contemplating visits. In accordance with immigration regulations 


certain portions of this advertisement are directed in the first instanta M 


to Canadian citizens or permanent residents. — INWE06)A , 











Chair and Professor, 
Division of Nematology 


Nominations and applications are invited for an 11-month, tenured 
position at the University of California at Davis to serve as Chair of 
the Division of Nematology. The Chair will also have some research, 
teaching, and student advising responsibilities. The usual 
appointment as Chair is for five toseven years, subject to renewai on 
review. Upon completion of service as Chair of the Division, the 
faculty member may return to full-time teaching and research. The 
position is available September 1, 1984. : 


Qualifications include a Ph.D. with experience in Nematology or 
closely related discipline, proven leadership and management 
qualities, and a record of scholarly and academic achievement. 
Applicants should submit a curriculum vitae with a bibliography and 
reprints of pertinent publications, statement of research, teaching, 
and administrative interests and background in each, and the names 
and addresses of at least three references to: Dr. R. K. Webster, 
Acting Associate Dean and Search Committee Chair, College of 
Agricultural and Environmental Sciences, Dean‘s Office, 228 Mark 
Hall, University of California, Davis, CA 95616 USA. Applications 
should be received by August 1, 1984. Applications received later 
will not be considered unless the position is reopened for 
recruitment, 

The University of California is an affirmative action/equal 
opportunity employer. (NW603)A 
























UNIVERSITY OF register for a higher degree. 

BIRMINGHAM The post is tenable for up to 3 years 
DEPARTMENT OF CHEMISTRY from 1.10,84. Salary on the Researck 
) OF CHEMISTRY Associate IB scale £6310 — £853¢ 
RESEARCH ASSOCIATE plus superannuation. Starting poin: 


| | Applications are invited for the 


above NERC funded post to work 


oxidation of Aldehydes under Simul- 


| ated Atmospheric Conditions. Part 
| of a research programme aimed at 
| obtaining a better understanding of. 
the chemistry of the lower. 


atmosphere. 


© (Science and Engineering), P O Boo 


There will be an opportunity to. June 1984, 





near the bottom of the scale. 


For further particulars phone 
021-472 1301 Ext 2559 quatin 
reference F3. oe 





No formal application form. Three 
copies of application, including ful 
referees to Assistant Registrar 











2370A 
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T LECTURESHIP 
IN GEOLOGY 
(Re-advertisement) 
Applications are invited for the post 
of Lecturer in Geology with special 
emphasis on the geochemistry of 
fluid-rock interactions as applied to 
metals and/or hydrocarbons. 












A challenging career in 
Diagnostic Reagents 


LABORATORY HEAD 
c.£15,000: Dartford, Kent 


We are seeking to consolidate our activities in the field of Diagnostic Reagents by establishing a new 
laboratory within our Central Analytical Division at Dartford. 













Applicants with interests in fields 
such as hydrothermal alteration, 
petroleum generation and 
migration, diagenesis, pore fluids, 
fluid inclusions or stable isotopes 
will be particularly welcome. This 
new blood post is intended to 
reinforce the research interests of 
the Department in applied geology. 
Salary scale: £7,190 x £450 (15) — 
£14,125 per annum (under review). 
The initial salary will depend on 
qualifications and experience. 
Further particulars may be obtained 
from Mr D. A. S. Copland, The 
Hersity, Southampton SOS 5NH 
whom applications (7 copies 
1 United Kingdom applicants} 















Managing a small team of experienced staff, you wal be responsible to senior management for 
ensuring that the laboratory meets its major objectives, which include: 


* Developing and introducing reliable quality control methods and procedures 
¢ Establishing quality control standards and specifications 

¢ Assessing the stability of products 

* Assembling data for product registration 

* Conducting technical audits 

* Handling customer complaints 






















Qualified to honours degree level in a biological science, you should have several years’ post- 
graduate experience in a range of applied techniques ideally involving diagnostic reagents. 
Experience of analytical development and quality assurance together with the ability to dernonstrate 
good man-management and communication skills are also essential requirements. 










ould be sent not later than 2 July 
1984, quoting reference No: 2039. 






The Wellcome Foundation Limited isa major group of pharmaceutical and chemical companies with 
headquarters in the UK and a turnover close to £700m. 











RESEARCH ASSOCIATE 


To participate in formulation and 
solution of mathematical, statistical, 
and computer science problems in the 
analysis of macromolecular 
sequences. Candidates should have 
expertise in nucleic acid and protein 
sequences, the genetic code, proba- 


Excellent benefits include five weeks’ holiday, first class sports and social facilities and generous 7 
assistance with relocation expenses where appropriate. o 








Please write or telephone for an application form to Steve Menear, Personnel 
Officer, The Wellcome Foundation Limited, Temple Hill, Dartford, Kent. Tel. 
Dartford (0322) 23488, ext 2025. (2366)A 
















; stics, optimization theory 
i computer programming, and a 
master degree in mathematics. Salary 
$16,000 per year. Job site: Los 
Angeles area educational institution. 





UNIVERSITY OF LONDON 







Send Ad and curriculum vitae to Job — ST GEORGE’S HOSPITAL 
#4126, PO Box 865, Sacramento, CA | O enra 
35804 not later than June 29, 1984. MEDICAL SCHOOL 






(NW601)A 










DEPARTMENT OF 
j PHARMACOLOGY AND 
C CLINICAL PHARMACOLOGY 

















UNIVERSITY 
OF OXFORD 









A unique Career op] 


Merck Sharp & Dohme Research Lab 
hing a Neuroscience Research Centr 
near Harlow, Essex. The Centre will | 
largest laboratories dedicated to Ne 
encompassing Medicinal Chemistry, B 
macolocy. agente 
We are seeking to recruit an excepti fi indivi dual who will | 
have the task of initially establishing; and ultimately mana- 
ging, a research library and information service for au ules 
mately 200 research staff. Responsibilities will include the 
acquisition, organisation, classification and evaluation of 
books and periodicals combined with a computerised 
bibliographical and data base searching facility. 

Applications are invited from men and women who have a 1st 
Gegree in either Chemistry or Biomedical Science and 
postgraduate qualification in information sci lence combined 
with a minimum of 3 years experience managing a scientific 
research library. 

If you are confident of being able to make a significant 
contribution to this prestigious research endeavour, 









sare establis- 
greenfield site” 
é of the world’s Jo 
ence bse akan a 


"MRC POST DOCTORAL 
POSITION IN CYCLIC 
UCLEOTIDE RESEARCH 















A ages MRC funded position (Ref | 
TC 14) is available to work with Dr A 
C Dolphin on biochemical and/or 
electrophysiological aspects of the 
role of cyclic nucleotides in modula- 
tion of neuronal cell function. 
Immunocyutochemical techniques 
also be ee Experience in tissue 

culture would be an advantage,as it is 
3iochemist is soo a e a | envisaged that neuronal cells in cul- 
‘xpression in Macrophages. My | ‘re will be used for much of the 
troup at the Sir William Dunn School: “work. 
of Pathology is supported by an | — The salary will be on the la scale, 
MRC programme grant and works | £7190: £7630: £8080 plus £1186 
mn ie ape products, | London allowance. Pe 
jlasma membrane differentiation wt 
intigens and receptors. APDIERN ORS). z including | then write enclosing full C.V. to Andrew Harley, Person- 

curriculum vitae and the names of | : 

i two referees should besent to Dr AC | $ nel Manager, Merck Sharp & Dohme Research Laborato- 
Dolphin, Department of Pharma- |. 4 es, Hertford Road, Hoddesdon, Herts EN11 9BU. 
cology and Clinical Pharmacology, 

George’s. Hospital Medical 
fanmer Terrace, London, 



















position Grate IA 
Salary: £7,190 — £11,615 
4 talented, well trained Molecular 










e appointment, starting as soon 
ble, is likely to be for at least 
Our years. 


Applications enclosing curriculum |. Re 
‘itae and the names and addresses o: 
wo. referees should be sent to 
Sordon, Sir William Dunn, School, 
f Pathology, South Park Road 
ordt OXI SRE. (2879A 


details can be obtained by 
+ Dr Dolphin or by telephon- 
ng( 6: oo Ext, TAREE). (2888)A 





RIDA F 





‘Classified 16 





en EEr AS. 





Medicinal Chemistry 


Merck Sharp & Dohme Research Laboratories is a leading 
international pharmaceutical research organisation which is 
establishing a Neuroscience Research Centre on a 30 acre greenfield 
site near Harlow, Essex. The Centre will be one of the world’s largest 
z- laboratories dedicated to neuroscience research initially focussing on 
“the study of inhibitory chemical messengers in the brain and 
exploration of the functional role of neuropeptides in the control of 
emotion, appetite, memory and learning. 


In preparation for the move to the Harlow site, the current eminent 

research team is to be expanded by the development of a Medicinal 
: Chemistry group. In this respect the following positions have been 
“| created: 


SENIOR. RESEARCH CHEMIST Candidates for this career 
appointment should have a Ph.D in Chemistry with postdoctoral 
experience in organic synthesis. 


POSTDOCTORAL FELLOW This appointment will be to carry 
out basic research in the peptide chemistry area. Experience of 
working in this field although advantageous, is not essential. 


Our goal is to provide the facilities and compensations to enable 
the candidates appointed to devote their total endeavours to our 
research aims. If you feel that you meet our requirements write 
enclosing a full Curriculum Vitae stating current salary and 
listing three referees to: Andrew Harley, Personnel Manager, 
Merck Sharp & Dohme Research Laboratories, Hertford Road, 
Hoddesdon, Herts, EN11 9BU. 


MERCK 
SHARP 
DOHME 


smmm Neuroscience Research Centre 





(2894)A 





UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 
RESEARCH ASSISTANT 








LONDON 













DEPARTMENT OF Applications are invited for the post 
PHYSIOLOGY of research assistant in the | 
LECTURESHIP Department of Biology, tenable for a 


period of three years from l 
September 1984, to work with Dr 
S M Bougourd on the effects of 
cancer chemotherapeutic drugs and 
tumour promoting agents on the 
chromosomes of human cell lines. 
The project is supported by the 
Yorkshire Cancer Research 
Campaign. 


Applicants should have, or expect 
to obtain, a first or second class 
honours degree in a biological 
subject. Experience in cell culture 
techniques and cytogenetics is 
desirable but not essential. The 
successful candidate may have the 

Further information may be. opportunity to register for a higher 
obtained from Professor J A b degree. 
-© “Stephens, Sherrington School of |. 
«Physiology, St Thomas’s Hospital |- 
| Medical School, London SEI TEH tel. | 
01 me 


<: Applications are invited for a 

ctureship in Physiology. Appli- 

“-gants should have an established 

-record in research and would be 
‘expected to develop their own 
“pesearch interests. 


The post will be held within the 
“Joint Department of Physiology at 
University College London and this 
© Medical School, where the post will 
-o þe based. 


Salary, according to age, qualifi- 
cations and experience, within the 
range £8,376 — £15,312 inclusive of 
London Allowance. 
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: 3 | esearch Oppo iis ities s o 





ana addi ; of two re! 
noapplicationforms. 


notlater than 2 July 1984. 


THE INSTITUTE OF ZOOLOGY 


THE ZOOLOGICAL SOCIETY 
OF LONDON 
LABORATORY 
TECHNICIAN 
required to run a 


radioimmunoassay laboratory |. 
and to assist in studies on- 
reproductive | 


mammalian 
hysiology. Candidates must 
ave a training in biochemistry or 
endocrinology, at least 5 years’ 
relevant experience and an 
H.N.C. or equivalent qualifica- 
tion. The appointment is for five 
years initially and salary, 
according to age, qualifications 
and experience, will be within the 
range £7794 -- £8880 inclusive of 
London weighting allowance. 
Please apply in writing by 


providing c.v. and names and | |- 
addresses of two referees to | | 


the Establishment Officer, | 
Zoological Society of London, 
Regents Park, London NW1 
ARY. (2338)A 





UNIVERSITY OF OXFORD 
Sir William Dunn 
School of Pathology 
ADMINISTRATOR 
Grade IIx. 

Salary: £11,160-£15,085 


Applications are invited from 


| suitably qualified persons for the 


above post which it is hoped to fill 


| from Ist September, 1984. The post 


carries superannuation in the USS. 
The Administrator, reporting 
directly to the Head of Department, 
is responsible for financial and 
budgetary control of the Depart- 
ment, for administration of the 
building, its services and research- 
support facilities and for the appoint- 


| ment and general supervision of 


technical, clerical and maintenance 
staff. : 


ks 
















Department of Botany 


CRYPTOGAMIC BOTANY 
A Cryptogamic Botanist (non-bryological) is required to assist in the. 
development and curation of collections in the Cryptogamic 
Section of the Department of Botany. | 
Applicants should have a broad taxonomic knowledge and a 
speciality in which he/she has the potential to make original 
contributions to taxonomy. The successful candidate will be 
appointed on the Research Assistant li (Curatorial Group F} salary 
scale (£6, 133-£8,563) with the prospects of promotion to Research 
Assistant | (Curatorial Group E} salary scale {maximum salary 
£10,831), both salary scales under review. 
Applicants must be unemployed. 


Further particulars of the post may be obtained from the 
Secretary, National Museum of Wales, Cathays Park, — 
Cardiff, CF1 3NP to whom applications should be submitted 


-d for 2 years from 1 October 19 
the possibility of renewal 
|. further period. Salary in the-gar 
1 °£8376-£9761 including Londo 
ad { Allowance. fo at 


of | © Applications, with names of t we 
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(2350A 


MISCELLANEOUS 


SPINCO 
ANALYTICAL’ | 
CENTRIFUGE | 

with Schlieren and UV optics 

{no scanner} to give away to 

third world country. Recipient 


must take over cost of trans- 
port to new location. | 


Inquiries to: 
Zürich 01377 3403. 



































(W048) 


| BEEBSTAT _—_—_ 
‘STATISTICS ON THE BBC 
MICROCOMPUTER 







BEEBSTAT is a suite of eight - 
programmes for standard statis- | 
tical tests such as correlation and | 
analysis of variance (several. 
models). Data may be edite 
transformed, kept on disc fijes 
and printed. Ses 
Details from Dominic Desis | 
Software, 19 Cressy House, 
Queens Ride, London SW13. 
HZ. (2885) J 














IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 

Applications are invited for a 

POST-DOCTORAL 

RESEARCH 

ASSISTANTSHIP 
in molecular biology for work on thi 
development of plant gene vector: 
from virus replicons, involving DNA 
cloning and sequencing, trans: 
criptional mapping, in vitri 
translation and plant cell trans: 
formation. The appointment will be 






















ferees, to Dr K W Buck and Dr RF 
“Coutts, Department of Pure anc 
Biology, Imperial College 





>o: Continued on pag 






PAPUA NEW GUINEA INSTITUTE OF 
MEDICAL RESEARCH 


RESEARCH FELLO 
BACTERIOLOGY, 
and BI 


The Papua New Guinea Institute of Medical Research is a Statutory Body of the Papua New Guinea Government set up to 
conduct research into the disease problems affecting Papua New Guineans. Major research programs have been established for 
the principal diseases of pneumonia, malaria, diarrhoea and mainutrition, problems common to the countries of the tropical 
world. 


The Institute was founded in 1968. It has its headquarters at Goroka in the Eastern Highlands of Papua New Guinea, with a major 
branch at Madang, on the north coast, and a smaller branch in the Southern Highlands Province. The Institute has a new 
laboratory and office complex in Goroka and laboratories, including an insectary in Madang. It has a total staff of over 100. Data - 
processing is carried out with computers in Goroka, Madang and Mendi in the Southern Highlands, each of which has its own 
manager, : 
Each of the major research programs has an epidemiological base in rural village communities, with associated laboratory 
studies. Each program is an integrated investigation of mortality, morbidity, aetiology, pathogenesis, genetics and specific risk 
factors in defined populations, with the evaluation of an innovative intervention aimed at prevention or early treatment of the 
disease under study. Each investigation is collaborative with colleagues from overseas laboratories and is carried out under the 
direction of the Institute Director. Apart from its principal funding from the Government of Papua New Guinea the Institute 
receives support for its programs from the World Health Organization and other international agencies. 


The pneumonia research program investigates the major cause of death in children in Papua New Guinea and its integrated 
approach has been used as a model for similar programs elsewhere in the tropical world. The interaction between viruses, 
bacteria (principally Streptococcus pneumoniae and Haemophilus influenzae), the immune response and other host factors in 
determining the severity of ubiquitous acute respiratory infections and the spread from upper to lower respiratory tract is being 
investigated. A pneumococcal vaccine trial is in progress. 

The diarrhoea research program investigates the aetiology of diarrhoea and the interaction between pathogens, including 
parasites (the institute has its own parasitologist), and host and environmental factors. An attempt is being made to introduce 
oral rehydration methodology at the community level. The diarrhoea research program is being carried out in close collaboration 
with the pneumonia research program in both field and laboratory aspects. 


The malaria research program is defining the epidemiology of malaria in a holo/hyperendemic area and investigating the causes 


for small-area variation. Parasites are being cultured in vitro and antigenic diversity investigated. The immune response to malaria — ` 


is being dissected. The ultimate thrust of the program is the development, in collaboration with colleagues overseas, of oe 
antimalarial vaccines derived from defined antigens and in establishing populations suitable for the field evaluation of such = 
vaccines. -. FS 
Applications are sought for the following positions: 

Research Fellow in Epidemiology in the Diarrhoea Research Program in Goroka, now vacant: 


Research Fellow in Epidemilogy in the Tari Research Unit, Southern Highlands Province, investigating pneumonia, 
diarrhoea and nutrition, vacant in January 1985; 


Research Fellow in Epidemiology in the Malaria Research Program in Madang, vacant in April 1985: 
Research Fellow in Bacteriology in the Diarrhoea Research Program in Goroka, now vacant; 

Research Fellow in Bacteriology in the Pneumonia Research Program in Goroka, vacant in October 1984: 
Research Fellow in Virology in the Diarrhoea Research Program in Goroka, now vacant: 

Research Fellow in Immunology in the Pneumonia Research Program in Goroka, now vacant; and 


Research Fellow in Biostatistics, stationed in Goroka but responsible for statistical aspects of all research programs, now 
vacant. 


Research Fellows are sought with a higher qualification in their respective field at PhD or MSc level, with suitable experience. 
ți 


Those with technical quali 
on.qualitications and experience. Salaries are subject to CPI indexation. An additional allowance of K2000 is payable to those 
with clinica} qualifications valid for medical registration in Papua New Guinea. One kina (K1.00) = U.S. $1.20. In addition to 
salary a gratuity of 24% of salary earned is payable each year (increasing to 32% after 3 years’ service). Taxation on salary is at 
standard levels but the gratuity is taxed at a flat rate of 2%. Contracts are normally for three years, but may be given for two years, 
and are renewable. Economy air fares are paid for the employee and family between the place of residence and Papua New 
Guinea on recruitment and repatriation. In addition, return leave fares for the whole family are payable every eighteen months to 
place of residence. Free accommodation is provided in Papua New Guinea. Education expenses are paid in Papua New Guinea. 
For children attending high school overseas, education allowances are paid and a fare from school to Papua New Guinea payable 


twice a year. Settling-in and settling-out allowances are paid at the beginning and end of the contract period, 
Applicants should send a full curriculum vitae, including details of qualifications and experience, and the names and 
addresses of three referees to 
Dr Michael Alpers’ 
Director | 
Papua New Guinea Institute of Medical Research 
P,O. Box 60, Goroka, EHP ge 
Papua New Guinea 
by 31 July 1984. 





cations and relevant experience may apply. Salaries are in the range of K 16,820 to K21,520 depending. ~ 1] 









‘POINTMENTS WANTED 
se your qualities and qualifi- 
ons through the most influential 
nce weekly in the world at a 
cial reduced cost of 25p a word. 
rsonal Box Numbers £2). 
rtisements must be pre-paid and 
to: Nature Classified (Appts 
. 4 Little Essex Street, London 
R3LF. (890)B 










































PHYSICIST (29) BSc Ist Class 
onours, MSc, PhD, 4 years 
earch experience. Background in 
X-rays, Neutron Diffraction, 
_ Mössbauer spectroscopy, IR, AES, 
< Crystal Growth, Solid State Theory, 
: mputer Programming. Seeks 
search position anywhere in the 
world. Available October 1984. Box 
344B c/o 4 Little Essex Street, 
don WC2R 3LF. (2344)B 

















































STUDENTSHIPS 


THE UNIVERSITY OF 
BIRMINGHAM 


DEPARTMENT OF BIOCHEMISTRY 
SERC/CASE STUDENTSHIP 


Applications are invited for a three 
year Ph.D. studentship starting 
ctober 1984 to work on the roles of 
lipid peroxidation and the covalent 
binding of drug metabolites in the 
development of liver toxicity. 


The award is held cooperatively 
with Dr B Clark, Fisons Ltd., Phar- 
maceutical Division, Loughborough. 
Applicants must obtain a Ist or H(i) 
degree. Full curriculum vitae with 
names of two referees to Dr A A 
Horton, Department of Biochem- 
istry, University of Birmingham, 
Birmingham B15 2TT. (2371)F 





ROBERT GORDON’S 
INSTITUTE OF 
TECHNOLOGY 


SCHOOL OF PHARMACY 

RESEARCH STUDENTSHIPS 

IN PHARMACY AND 
PHARMACOLOGY 


pplications are invited from 


graduate with a Ist or 2nd Class 
<- Honours Degree in Pharmacy, 
Pharmacology, Biochemistry or 
_ Microbiology. Topics include 


1. Mode of Action of DMSO 


2. Characterisation of multiple- 
phase and oil-in-oil emulsions to 
_ evaluate their potential as vehicles for 
the controlled release of drugs 


Mode of action of 
harmaceutical preservatives on 
elected microbial species 


. The binding of anti-aggregatory 

compounds to, acid glycoprotein 
nd to platelets 

: Involvement of products of 


hidonic acid metabolism in 
telet aggregation and ‘broncho- 























































z ither Aaa from Secretary, 












graduates or students about to 


Institute of 
; Aberdeen 
(2895)F a 


= 
3 : 
2 s 
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RESEARCH LABORATORY 
FOR ARCHAEOLOGY 
Carbon-i4 dating using a 2 MV 
tandem accelerator, thermolumi- 
nescence dating, archaeomagnetism: 
studentship(s) for DPhil research, 
suitable for physicists, chemists, 
earth scientists, anticipating a good 

honours degree. 

Details: Dr M Aitken or Dr R 
Hedges, 6 Keble Road, Oxford OXI 
3QJ, telephone 55211. (2347)F 


te 





ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts ALS 2JQ 


PHYSIOLOGY & ENVIRONMENTAL 
PHYSICS DEPARTMENT 
SERC CASE STUDENTSHIP: 
MATHEMATICAL 
MODELLING OF THE DRIFT 
OF AGRICULTURAL 
SPRAYS 


Applications are invited for a SERC 
CASE Studentship tenable at 
Rothamsted Experimental Station 
and Imperial College of Science and 
Technology to study the drift of 
agricultural sprays downwind from 
crops. The project will involve field 
experiments and the use and 
adaptation of air pollution dispersion 
models. 


Candidates should hold, or expect 
to obtain, a First or Upper Second 
Class Degree in Physics, 
Meteorology, Applied Mathematics 
or an Environmental Science. 


Applications giving full cv and the 
names of two referees should be sent 
to: Dr H A McCartney, Physiology & 
Environmental Physics Department, 
Rothamsted Experimental Station, 
Harpenden, Herts ALS 2JQ by Ist 
June 1984 quoting Ref: 557. 


We are equal opportunities 
employers. (2367)F 





OOR NNR 





FACULTY OF SCIENCE 


SERC RESEARCH 
STUDENTSHIPS IN 
BIOLOGICAL 
SCIENCES 


(2 Posts) 

Required to work in one of the 
following areas of research: Fish 
biotechnology/immunology; 
Plant biotechnology; Physiologi- 
cal adaptations of marine 
crustaceans; Treatment and 
control of parasitic diseases of 
fish 
Candidates should hold or 
expect to gain this year a good 
Honours degree in Biological 
Sciences. 
Further details and application 
forms may be obtained 

- from:-Department of Biological 
Sciences, Plymouth 
Polytechnic, Drake Circus, 
Plymouth PL4 8AA, Tel: 0752 
264659. (2877)F 


tr scat irises LIE aA “ ornare 












| operation with ICI, 
| years from October 1984 in the 


| UNIVER; Yo 
OF READING 


DEPARTMENT OF 
MICROBIOLOGY 


AFRC CASE STUDENTSHIP 


Applications are invited from 
graduates with a First or Upper 
Second Class Honours degree in 
Microbiology or a related subject or 
from those who expect to be awarded 
such a degree this year for a three year 
AFRC CASE studentship commen- 
cing in October 1984. The project, in 
collaboration with Cadbury 
Schweppes, will be to develop a 
method for the detection of small 
numbers of yeasts which cause 
spoilage of soft drinks, using mono- 
clonal antibodies. The project will be 
supervised by Dr A I Tiffin (Reading) 
and Dr C S Gutteridge (Cadbury- 
Schweppes). 


Further particulars may be 
obtained from Dr AI Tiffin, Depart- 
ment of Microbiology, University of 
Reading, London Road, Reading 
RG! 5AQ, to whom completed appli- 
cations, a CV and the names of two 
academic referees should be sub- 
mitted by 28 June, 1984. (2349)F 


UNIVERSITY OF ABERDEEN 


INSTITUTE OF ENVIRONMENTAL 
AND OFFSHORE MEDICINE 


POSTGRADUATE 
STUDENTSHIP 


Applications are invited from 
suitably qualified graduates in physi- 
ology, pharmacology or related bio- 
logical sciences for a postgraduate 
studentship in the Institute. The field 
of study will be hyperbaric 


pulmonary oxygen toxicity and the 













Applications are aed p 
above studentship, tenable for th 
years commencing October 19 
Candidates must hold, or expe 
obtain, a | or Hi) Honours de 
an appropriate subject, and wi 
expected to register for a hi 
degree. 








The project involves siding: 
relationship between sex steroids a 
the endometrium, particularly with. 
respect to implantation, in cases of 
sub-fertility. The work will be carried 
out in the Department of Obstetrics. 
and Gynaecology, but the student 
will also be a member of the 
Department of Biochemistry. 




















Applicants should write, givin 
names and addresses of two referee 
and enclosing a curriculum vitae 
Dr P V Maynard, Department. 
Obstetrics and Gynaecology, | 

sity Hospital, 
Centre, Nottingham NG? 2U : 


objective will be the determinatio 
safe oxygen exposure limits 
diverse. [t is anticipated that rese: 
will involve both human volunt 
and animal models. 


The studentship is available- 
normal Research Council rates from 
1 October 1984. Applications 
including CV and the names of two 
referees should reach Dr T Shields, 
Institute of Offshore and Envi 
mental Medicine, Aberdeen, ) 
2ZD, as soon as possible but by 6 July 
at the latest. 





UNIVERSITY OF READING 
SERC-CASE STUDENTSHIP 
IN MICROBIOLOGY 


Applications are invited for an 
SERC-CASE Studentship, in co- 
tenable for 3 


Department of Microbiology. 
Applicants must have, or expect to 
receive this summer, a! or 2i honours 
degree in microbiology or a closely 
related subject and have a particular 
interest in the physiology and 
biochemistry of microorganisms. 
The successful applicant will 
investigate the effect of COQ, on the 
growth and metabolism of methy- 
lotrophic bacteria growing on 
methanol (eg the organism used for 
single-cell protein by ICI) and will 
register for a higher degree. About 3 
months will be spent at the ICI 
Research Laboratories during the 3 
years. The value of the Studentship ts 
£2,430 pa tax free (under review), 
plus University fees, plus £600 pa and 
some travel expenses from ICI. 


Applications with full curriculum 
vitae including a telephone number 
and two academic referees should be 
sent before 29 June 1984 to Dr L J 


Zatman, Department of Micro- 
biology, University of Reading, 
| possible but by 6th 


Londan Road, Reading RGLSAQ. 
2318 



































UNIVERSITY OF ABERDE 


INSTITUTE OF ENVIRONMENT? 
AND OFFSHORE MEDICINE 


POSTGRADUATE 
STUDENTSHIP IN HUM: 
PHYSIOLOGY 

Applications are invited for a po 

graduate studentship within the 
institute. The project will investigat 
the role of substrate availability as ¢ 
limiting factor in exercise per 
formance, and will involve collectior 
and analysis of blood and skeleta 
muscle samples from human volun 
teers. The effect of artificially 
induced variations in substrate avail 
ability on the metabolic responi i K 
exercise will be studied. Q 





Applicants should have an interes 
in the physiology and biochemistry 0l 
exercise and should possess, or expec! 
to obtain, a good honours de 
an appropriate discipline. 






The Studentship is avai : 
normal Research Council rates fora: 
year period from Ist October 19 
Applications including CV: 
names of two referees, shou 
DrR Maughan, Institute of 













Foresterhill. ABD 22D. a 







THE UNIVERSITY 

OF OXFORD 

yson Perrins Laboratory 

, SCIENCE AND 
NEERING RESEARCH 

COUNCIL CASE 

: STUDENTSHIP 

plications are invited for a CASE 













*hil in organic chemistry to be held 
the above department and spon- 
sored by Shell Research Limited, 
Sittingbourne, Kent. The successful 
applicant will work with Dr L M 
Harwood on the isolation and 
synthesis of certain allelophathic 
agents from plant sources. 
Applicants should hold or expect to 
gain this year a good honours degree 
chemistry and have a particular 
rest in organic synthesis. 





























tis intended that the studentship 
be taken up by Ist October, 1984 
. applications (including a 
riculum vitae and quoting two 
‘ferees) should be sent to Dr LM 
@fvood, the Dyson Perrins 
ratory, South Parks Road, 
‘ord OXI] 3QY. (2312)F 








UNIVERSITY 
OF CAMBRIDGE 


- Applications are invited for 


SSEARCH STUDENTSHIPS 


-the PhD, one each in insect 
mistry; nutrients of potatoes; 
ablishment of wheat and two in 
processes. 


tther details can be obtained 
-Professor Sir James Beament, 
rtment of Applied Biology, 
broke Street, Cambridge 
(231S)F 





THE HATFIELD 
POLYTECHNIC 

_ SCHOOL OF 

P NATURAL SCIENCES 
ESEARCH STUDENTSHIPS 
i IN BIOLOGY 


ERC Studentship is available for 
of the following projects:- 


-cell-free transcription of exo- 


ntiation of Streptomyces spp. on 
biotic production. 

ii) identification of different 
ces of Plasmodiophora brassicae. 


A Research Assistantship is also 
ivailable to work on the 


dentship leading to the degree of 


siotechnology of abattoir waste. This | 



















roject: will investigate microbiolo- 
land biochemical characteristics 
battoir waste and its potential for 
i rsion into high value by- 
lucts. Applicants for the post 
t possess a driving licence. 


plicants for both posts should 
$ a good honours degree in an 





full Curriculum vitae and the 
f two academic referees to Dr 
yn; Biological Sciences, The 
Polytechnic, P O Box 109, 
rts. AL109AB (Hatfield 
1)... Full deram ar the 


z f rom able. Clos 


UNIVERSITY OF READING 


NATIONAL COLLEGE OF 
FOOD TECHNOLOGY 


AFRC STUDENTSHIP 
Applications are invited from 
graduates who hold or expect to 
obtain first or upper second class 
honours degrees to work on either: 

a) Glycosyl Transferases or 


b) Physicochemical 
Food Processing. 


Aspects of 


Candidates for project (a) should 
be graduates in biochemistry, 
microbiology, chemistry, food 
science or related subjects. 
Candidates for project (b) could also 
have degrees in engineering or 
applied physics. 


Applications including a CV and 
names of two referees should be sent 
to Dr G G Birch, National College of 
Food Technology, Food Studies 
Building, University of Reading, 
Whiteknights, Reading, RG6 2AP. 

(2341)F 


UNIVERSITY OF READING 
DEPARTMENT OF 
PURE & APPLIED ZOOLOGY 
Applications are invited for suitably 
gualified graduates for an 
SERC STUDENTSHIP 


to undertake research for a higher 
degree in the areas of comparative 
physiology, behaviour, parasitology 
or applied entomology. 


Applicants should write to 
Professor K Simkiss, Department of 
Pure & Applied Zoology, 
Whiteknights, University of 
Reading, RG6 2AJ, stating their 
interests and enclosing a curriculum 
vitae with the names of 2 referees. 

(2316)F 





WELSH NATIONAL 
SCHOOL OF MEDICINE 
(University of Wales) 


DEPARTMENT OF MEDICAL 
BIOCHEMISTRY 


PHD STUDENTSHIP 


Applications are invited for a 
Research Studentship (supported by 
the Welsh Scheme for the Develop- 
ment of Health and Social Research) 
tenable for three years commencing 
October 1984. The successful 
applicant will work under the super- 
vision of Dr M A McPherson on bio- 
chemical control of exocrine 
secretion; with the aim of investigat- 
ing abnormal regulatory factors(s) 
which may result from expression of 
the genetic defect in cystic fibrosis, 


Candidates should have or expect 
to obtain a good Honours degree in 
Biochemistry or a closely-related 
subject. 


Applicants should apply 


with the names and addresses of two 
academic referees (quoting Ref No 
C38/4/50) to the Registrar and 
Secretary, Welsh National School of 
Medicine, Heath Park, Cardiff, CF4 
4XN (Tel No 0222/755944 Ext 2296) 
rutbee details are 








in. 
writing, including a curriculum vitae ~ 


-London Road, Reading RG 


C STUDENTSHIPS Continued 


UNIVERSITY OF READING 
DEPARTMENT OF AGRICULTURE 
AND HORTICULTURE 
MAFF RESEARCH 
STUDENTSHIP 
A MAFF research studentship is 
available from | October 1984 for a 
project on “The compensatory 


threshholds/tolerance 
cereals to invasion by nematodes”, 


The work will involve the use of 


growth regulators to alter the 
morphology of cereal roots and 
hence the potential invasion sites. 


Applicants should send CV and the 
names of two referees to Dr NGM 
Hague, Department of Agriculture 
and Horticulture, Earley Gate, 
University of Reading, White- 
knights, Reading, RG6 2AT. 

(2342)F 





UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF 
ZOOLOGY 
Research Studentships are available 
in at least two of the following fields: 
cell motility, the cytoskeleton of 
protozoans, cell surface receptors, 
insect parasitology, ecological 
genetics, avian ecology and the ultra- 
structure of lower vertebrates. 


Further particulars are available 
from Dr D S O’Dell, Postgraduate 
Tutor, Department of Zoology, Uni- 
versity College London, Gower 
Street, London WCIE 6BT (01-387 
7050 Ext 424). Applications should 
include the names of two academic 
referees, (2887)F 





UNIVERSITY OF READING 
RESEARCH STUDENTSHIP 
IN MICROBIAL 
PHYSIOLOGY & 
BIOCHEMISTRY 


Applications are invited for a | 


Research Studentship tenable for 3 
years from October 1984 in the 
Department of Microbiology. 
Applicants must have, or expect to 
receive this summer, a t or 2i honours 
degree in microbiology or a closely 
related subject and have a particular 
interest in the physiology and 
biochemistry of microorganisms. 
The successful applicant will register 
for a higher degree and will 
investigate the mechanism of 
nitrogen assimilation by micro- 
organisms from natural habitats 
followed by physiological, 
biochemical and enzymological 
studies. Up to 64 hours per term 
demonstrating duties will be required 
for which extra payment will be 
made. The value of the Studentship is 
£2,430 pa tax-free (under review), 
plus approx £300 per term for 
demonstrating duties, plus 


University fees. 


Applications with full curriculum 


vitae including a telephone number 
_and two academic referees should be 


sent before 29 June 1984 to Dr LJ 


Zatman, Department of Micro | 


biology, University of- Reading, 
IF 








limits of 
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UNIVERSITY OF ABERDE 

DEPARTMENT OF OP HTHALMOL! 

POSTGRADUATE 
STUDENTSHIP 


Applications are invited fro 
suitably qualified candidates for: 
3-year postgraduate studentship 
work on immunological aspects of 
ocular inflammatory disease, usi 
an established model of rains 
allergic uveo-retinitis (EAU). . TI 
work involves the use of purifi 
retinal S antigen and is aimed atge 
ermining the relationship betwi * 
altered immune responses to i 
antigen and severity of the disease. 


The successful applicant will wor 
in the new University Departmen 
Ophthalmology and will be expec 
to participate in its developn 
Applicants should have a Ist orup 
2nd class Honours Degree in the 
logical sciences. Experience in 
chemistry and/or immunolg 
would be an advantage. 


The Studentship will be at noti 
Research Council rates and 
available immediately although it: 
expected to commence aroun 
October, 1984. Application 
(together with with names of tw 
referees) should be sent to Professo 
A Forrester, Department of Ophth 
mology, University of Aberdeen, 
soon as possible but by 6th July at 
latest. (2362) 





UNIVERSITY OF LONDO 
ST. GEORGE’S HOSPIT. 
MEDICAL SCHOOL 


DEPARTMENT OF 
PHARMACOLOGY AND 
CLINICAL PHARMACOLOGY. 


SERC CASE AWARD - 
STUDENTSHIP 

In association with the 
Lilly Research Centre . 


Applications are invited f 
suitably qualified candidates ¢ 
Upper Class Honours) for the 
award tenable from October 19 


The project, supervised by- 
fessor J.S. Kelly and Dr S.R. For 
involves the maintenance of. 5] 
containing neurones of the rap 
nucleus in dissociated cell culture 
provide a model in which the intrin 
activity of SHT neurones can be ex 
amined. Electrophysiological, auto 
radiographic and immuno 
cytochemical techniques will be us 
to identify the site and mechanism:b 
which centrally active drugs of clini 
cal importance, particularly anti 
pressants and analgesics, affect St 
receptor function. 


Applications, including brief < cur 
riculum vitae and the names of tw 
referees should be sent to Professo 
J.S. Kelly, Department of Pharma 
cology and Clinical Pharmacology 


St. George's Hospital Medi 
School, Cranmer Terrace, Lond 
SW17 ORE. 


‘Further details canbe ol 











ASSOCIATESHIPS 


UNIVERSITY 
OF BIRMINGHAM 
ARTMENTS OF BIOCHEMISTRY 
AND ZOOLOGY AND 
“OMPARATIVE PHYSIOLOGY 
RESEARCH 
ASSOCIATESHIP 
pplications are invited for the 
ove post to work on the isolation 
and characterisation of naturally 
‘occurring factors which inhibit 
growth and oviposition in freshwater 
snail hosts of schistosome parasites. 































-Itis anticipated that the successful 
candidate will hold at least an upper 
second class honours degree in 
Biochemistry or a related subject, 
nd it would be possible to register 
for.a higher degree. 


The post is initially for one year but 
pport for a further two years is 
ged, subject to satisfactory 


lary on the Research Associate 
3 scale £6,310 — £8,530 plus super- 
nuation. 

For further particulars phone 
4-472 1301 ext 2559, quoting 
ference J3. 


No formal application form. Three 
pies of application, including full 
urriculum Vitae and naming three 
ferees to Assistant Registrar, 
ence and Engineering), PO Box 
Birmingham B15 2TT by June 
: (2320)O0 


ACCOMMODATION 


OUTH SUBURB Paris, furnished 
partment for academic visitor — 
Lug 84 — Sept 85. Three bed rooms. 
quipped kitchen — convenient for 
aris, Orsay, Saclay. Meudon, 
‘réteil, Villejuif. Dr Pierre Gibart, 
e Hameau de Pré du Lac, F-06740 
Chateau Neuf de Grasse (W105 DS 


FELLOWSHIPS 
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UNIVERSITY OF 
EAST ANGLIA 
À Norwich 
Applications are invited for a 
University Postdoctoral 
- Fellowship in 


-ACID RAIN RESEARCH | 


a The person appointed will work | 
=F on either: a) Soil Microbiology — | 


~f Acid Rain Interactions or b) 
-t Factors Controlling the pH of 
Rain in Remote Areas. Project a) 
requires someone with exper- 
ience in soil microbiology, and 
roject b} needs a person trained 
dein chemistry and/or environ- 
| mental chemistry. The appoint- 
{ment is for two years starting 1 
| October 1984, or as soon as 


__| possible thereafter. Salary on the 


|- scale £7,190 — £8,530 per annum 
plus USS (under review). 
Further information is 
available from Dr T.D. Davies 
project a)) or Dr P.S. Liss 
‘project b)}), School of 








“Alem Ss. A 
Sgt Vi SN 







SERIE FOR EGEE FAK ADIN CERIN 


POSTDOCTORAL FELLOWSHIP: 
GROWTH FACTORS IN 
CELL CULTURE 


A fellowship exists, supported by 
the irish Cancer Society, to work on f 
genetic control of growth factor 
production by human tumour celis 
in culture. Experience in cell 
culture, recombinant DNA 
techniques or peptide separations 
would be an advantage. 
Applications to: Dr. M. Cilynes, 
School of Biological Sciences, 
N.i.H.E., Glasnevin, Dublin 9, 


ireland. (2876)E 





UNIVERSITY 
OF EDINBURGH 
DEPARTMENT OF ZOOLOGY 


POST-DOCTORAL 
FELLOWSHIP IN 
BIOCHEMISTRY 


Applications are invited for a SERC 
Fellowship to work on the 
biochemistry of the yeast cell cycle. 
oe range IA starting | October 
1984. 


Further particulars are available 
from Professor J M Mitchison, 
Department of Zoology, University 
of Edinburgh, Kings Buildings, West 
Mains Road, Edinburgh EH9 3JT 
with whom applications (2 copies) 
including CV and the names of two 
referees should be lodged not later 
than 9 July 1984, 


Please quote reference No 5178. 
(23I E 





THE HATFIELD 
POLYTECHNIC 


SCHOOL OF 
NATURAL SCIENCES 


POST-DOCTORAL 
FELLOWSHIP IN 
BIOTECHNOLOGY 


Applications are invited for a Post- 
Doctoral Fellowship to work on 
either :- 


(i) the stability of plasmid vectors 
in yeast; or, 


(ii) the molecular biology of algal 
viruses. 


Both projects require expertise in 
recombinant DNA techniques. 
Experience in either yeast research or 
continuous culture would be an asset 
for the plasmid vector project and 
experience in animal or plant virus 
for the algal viruses project. 


Full details of both projects may be 
obtained from Dr E GINGOLD, Bio- 
logical Sciences, The Hatfield 
Polytechnic, P O Box 109, Hatfield, 
Herts. AL10 9AB (Hatfield 68100, 
Ext.489). 


The appointment is for three years 
from October 1984. The salary is in 


Local Allowance (under review). 


Applicants, who should possess a 
PhD or have submitted a thesis, 
should submit a full Curriculum vitae 
and the names of two academic 
referees to Dr Gingold. 


_ Closing 


uly 1984 (2356)E 


the range of £7,215 - £9,801 + £258 | 


date for applications: 16 


OF BIRMINGHAM 
DEPARTMENT OF 
MICROBIOLOOY 


RESEARCH FELLOWSHIP 


Applications invited for this MRC 
funded post. The Project is designed 
to purify and characterise enter- 
otoxin(s) of Salmonella typhimurium 
as a prelude to detecting their pro- 
duction, location and release in vivo 
by immunoelectron microscopy. 
Work will be carried out in Depart- 
ments of Microbiology and Institute 
of Child Health in conjunction with 
Department of Physiology of 
Birmingham University. 


The post is tenable for up to three 
years from the soonest possible date. 


Salary on the Research Fellow 1A 
scale £7,190-£11,615 plus super- 
annuation. 


For further particulars phone 
021-472 1301 ext 2559, quoting 
reference M5. 


No formal application form. Three 
copies of application, including full 
Curriculum Vitae and naming three 
referees to Assistant Registrar, 
(Science and Engineering), PO Box 
363, Birmingham B15 2TT by 29 
June, 1984. (2880)E 





THE UNIVERSITY 
OF SYDNEY 


ROTHMANS FELLOWSHIPS 


Applications are invited for 
Rothmans Fellowships, which are 
awarded under the Rothmans 
University Endowment Fund set up 
by Rothmans of Pall Mall (Australia) 
Limited to enable Fellows to under- 
take postgraduate work within an 
Australian University. 


Rothmans Fellowships are of an 
annual value of up to $A17,000. A 
Fellow may be paid travelling 
expenses incurred in taking up the 


| Fellowship and returning home. 


In addition, an amount of $A2,000 
pa towards fees and expenses 


| including the purchase and mainten- 
| ance of equipment may be paid to the 


University where the Fellow is 
working. 


A Fellow shall take up a Fellowship 
before attaining the age of twenty- 


| eight. The Fellowships are open to 


graduates of any University who have 
had at least three years postgraduate 
experience in research. The Fellow- 
ships are not open to permanent 
members of academic staff or appli- 
cants proceeding on sabbatical, study 
or other leave (including leave with- 
out pay). The Fellowships must be 
held at an Australian University. 


Application forms and further 
details may be obtained from The 
Secretary, Rothmans University 
Endowment Fund, c/o The 


University of Sydney, NSW 2006, 


Australia, or from the Secretary 
General, Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH 
OPF. Applications close on 29 July 
1984, (W1060)E 















































_ wish to hold a fellowship 


: 


| essential. 


| 1984. 
























DEPARTMENTS OF 
MICROBIOLOGY AND GENETICS 

POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for; t 
above post which is funded b 
MRC grant to Dr C W Penn (Mi 
biology) and Dr CM Tho 
(Genetics). The work will invo 
cloning and expression of antiger 
genes of the syphilis agent 
Treponema pallidum in Escherichiz 
coli. Candidates should have a back 
ground in microbiology and/or bio 
chemistry and should preferably have - 
some experience of recombinant | 
DNA techniques, although this is no 


OF 




























































Post tenable for up to three year 
from 1/4/84 or as soon as possibi 
thereafter. 


Salary on the Research Fellow LA 
scale £7,190-£11,615 plus super 
annuation. | 


For further particulars phe 
021-472 1301 ext 2559, quon 
reference M6. } 


No formal application form. Thre 
copies of application, including 
Curriculum Vitae and naming th 
referees to Assistant Regist: 
(Science and Engineering), PO F 
ey Birmingham B15 2TT by 29 
1984. | 





UNIVERSITY OF WAIKATO 
POST-DOCTORAL 
FELLOWSHIPS 

{A 84/15) : 

The University of Waikato invite 
applications for post-docto 
fellowships to be taken up d 
1985 for one or for three years 
fellowships will be funde 
awarded by the University 
Committee and tenable ai 
University of Waikato. 
























Applications from candidates 


oe 


w 





department of the University 
considered: the University Grant 
Committee, however, in making th 
awards, will give priority to curr 
growth research areas such as | 
technology, genetic engineeri 
electronics, engineering, chemistr 
etc. ae 

Applicants should have been 
awarded, or qualified for the award 
of, the degree of Doctor of 
Philosophy. ae 


The emolument payable to the 
Fellow will be determined at a rate. 
not exceeding step one of the scale 
Lecturers (Ge NZ$21,660 p.a.). 


Before lodging an applicatio: 
prospective applicants should o 
details of the method of applic 
and conditions of appointment 
the Registrar, University of Wi 
Private Bag, Hamilton, 
Zealand, or from the ri 
General, Association of Co 
wealth Universities. {App 
Gordon Square, Lo 
























ndo: 
OPF. Applications sh 


forwarded to the Regist 










FELLOWSHIPS continued 


3 [Southampton 


Southam _ Special Training Fellowships 


A UNIVERSITY 


INSTITUTE OF 


in Recombinant DNA Technology 


CRYOGENICS Applications are invited for fellowships for any period from 6 months to 


RESEARCH FELLOWSHIP 


I Applications are invited for a 2 


three years commencing on or after 1 May 1985 from scientists requiring 


| year research fellowship training in recombinant DNA techniques. Applicants may be young 
supported by SERC to study postdoctoral scientists (or those just completing PhD’s) or more mature 


oenvection in cryogenic fluids 
using Laser Doppler Anemometry 


scientists with established reputations in other areas wishing to enter this 


land microthermometry. field. Permanent academic staff with unpaid leave of absence may apply. 


| Experience with data processing 
_ and lasers preferred. 


These fellowships are tenable in any UK institution offering training 


-Salary on range: £7,190-£8,080 appropriate to the applicant's needs. UK residents currently working 


"per annum (under review). abroad may apply. 


| Applications giving Curricu- 
lum Vitae (in duplicate) and 
ames of two referees should 
sent to D.A.S, Copland, 
uthampton University, 
Ughfield. Southampton, SO9 
H as soon as possible 
ing reference 2056. (2340)E | 


THE RANK PRIZE FUNDS 


Rank/Widdowson Post-Doctoral 
Fellowship in Child Nutrition 


The Trustees of The Rank Prize Funds are to honour Dr. Elsie 
ddowson, F.R.S. by establishing for three years a Post-Doctoral 
wship at the M.R.C. Dunn Nutrition Unit to work on the metabolic 
physiological aspects of infant nutrition. 
icants should have a recently awarded Ph.D. in an appropriate 
gical science or expect to be awarded a Doctorate in the near 
ure. 
tails will be provided to short listed candidates. 
plicants should write to Dr. R. G. Whitehead, M.R.C. Dunn 
itrition Unit, Downhams Lane, Milton Road, Cambridge, CB4 
giving details of their previous research experience and 
licating the type of work which they would like to pursue in 
he field of infant nutrition. 
[he terms and conditions of service for this Fellowship will be identica! 
with those of an M.R.C. Post-Doctoral Fellowship. 
le should reach the Dunn Nutrition Unit by the G July, 
$ {2343 E 


EMBO 
European Molecular Biology 
Organization 


LONG TERM FELLOWSHIPS IN 
MOLECULAR BIOLOGY 
AUTUMN 1984 AWARDS 

Next deadline: August 15, 1984 


MBO long term post-doctoral fellowships are awarded to promote the 
velopment of molecular biology and allied research in Europe and 
_ Israel. To be eligibile a candidate must hold a doctorate degree and the 
_ exchange must involve a laboratory in Western Eu rope or Israel. EMBO 
fellowships are not, however, awarded for exchanges between 
aboratories within any one country. Long term fellowships are 
_ awarded initially for one year, but depending on a review of progress, 
_they be renewed for a second year. In cases of exceptional scientific 
rit renewal for a third year is possible. The fellowship comprises a 
urn travel allowance for the fellow and any dependents and a stipend 

| dependents’ allowance. 


2 the selection procedure may include an interview, candidates are _ 


ed to respect the deadline for complete applications which is 

ust 15, 1984. Successful candidates will be notified of their awards 

nediately after the meeting of the selection committee, which is on 
‘ober 29, 1984. 

| ion forms and further details may be obtained from Dr 

» Executive Secretary, European Molecular Biology 

zation, Postfach 1022.40, 69 Heidelberg 1, ER Germany: 


Application forms, and further details may 
be obtained from Training Awards Group, — 
Medical Research Council, 20 Park Crescent 
London WIN 4AL. (Tel: 01-636 5422 Ext 448) 


Closing date: 15 October 1984 (2896)E, | 


a ace 


wey, 


NEW SCIENCE GROUP 


POSTDOCTORAL RESEARCH 
FELLOWSHIP AT MIT 


Applications are invited from suitably qualified candidates for an ict 
New Science Group Postdoctoral Fellowship based within the 
Department of Materials Science at the Massachusetts Institute of 
Technology in Boston, USA. This prestigious appointment will be f 

two years with a starting date in September 1984. The research fello 

will be involved in studies of sintering phenomena in ceramic precursor 
systems and will work in close association with Professor J.D. Birchall. 
FRS at ICI's New Science Group in his capacity as Visiting Professor at 
MIT. US 
The fellowship offers a unique opportunity for carrying out original 
research with leading edge University and Industrial research © 
laboratories. Applications are invited from candidates with a PhD in 


Physical or Inorganic Chemistry, Materials Science, Solid State Physics. E 


or Ceramics who feel that they could contribute to the aims of this E 
fundamental research programme. 


The value of the Fellowship is $23,000 per annum with travelling 
expenses to and from the UK at the start and finish of the fellowship : 
being provided by ICI. it is anticipated that the Fellowship may well lead : 
to employment with ICI New Science Group on completion. F 
<a T E TOS E AANE EA EEIE EAE ENN A ens sc th 
Applicants should send a curriculum vitae and the names of | 
three referees to Miss E. Lauermann, Personnel Officer, Imperial _ 


Chemical Industries PLC, New Science Group, P.O. Box 11, The $ 
Heath, Runcorn, Cheshire, marking the envelope MIT) 


Fellowship. The closing date for applications is 28th June 1984. - 










GRANTS and SCHOLARSHI PS ; = r ee 


Research 
Scholarship 


Bass Public Limited Company invite applications for 
the Rainbow Research Scholarship, which was 
founded in memory of the contribution to brewing 
science by the late Dr. C. Rainbow and which falis 
vacant in January 1985 for the second occasion. 
Candidates should hold a first or second class honours 
degree, preferably in genetics or a related subject. 


- The project entitled “Developing Systems for Genetic 
Manipulation of Brewing Yeast”, is aimed at the 
generation of new vector systems for yeast and 
rendering Saccharomyces spp. more amenable to 
genetic manipulation. The successful candidate will be 
required to seek registration with the Council for 
National Academic Awards for the degree of Doctor of 
Philosophy and will spend a period of 3 years in the 
research laboratories at Burton-on-Trent, where 
working conditions and facilities are first-class. This 
constitutes a unique opportunity to acquire research 
training in a progressive industrial research 
environment. 


- We will meet ali the costs of the project and associated 
- fees. The candidate will have access to the 
comprehensive sporting and social facilities provided 
by the Company. Written application, curriculum vitae 
and the names of two referees should be addressed to: 











Director of Research, 
Bass Public Limited Company, 
137 High Street, Burton-on-Trent, DE14 1JZ. 


Bass 


Public Limited Company 








AWARDS 





British Diabetic Association/ St Bartholomew's Hospital 


ANDREW CUDWORTH 
MEMORIAL PRIZE 


To commemorate the work of the late Professor Andrew 
Cudworth, the British Diabetic Association, jointly with the 
Department of Medicine, St Bartholomew's Hospital, offers a 
prize of £250 for the best essay submitted on any aspect of 
diabetes mellitus. Essays should not exceed 10,000 words and 
— the winner may be invited to present the work to one of the 
- meetings of the Medical and Scientific Section for publication. 






“nationality. Four copies of the essay should be submitted 
for consideration to the Secretary General, British 
Diabetic Association, 10 Queen Anne Street, London, 
NIM OBD by 30th September 1984. 


















Applicants should be under age 40 and of British 


(2892) N 



















































UNIVERSITY OF 
SOUTHAMPTON 
FACULTY OF MATHEMATICAL 
STUDIES 
RESEARCH 
ASSISTANTSHIP IN SEMI 
CONDUCTOR MODELLING 
Applications are invited from 
candidates with a good degree for a 
Research Assistantship, tenable from 
September 1984. Theoretical studies 
will be carried out on the Physics of 
Polycrystalline silicon devices in 
parallel with experimental work in 
the electronics department and in 


| industry. The successful applicant 
| may be permitted to register part- 


time for a higher degree. 


Salary according to qualifications 
on scale up to £8080 per annum. 


Applications giving a telephone 
number should be sent by 2nd July 
1984 to Professor P T Landsberg, 
The University, Southampton 509 
SNH. Applicants are requested to ask 
two referees to write on their behalf at 
the same time. (2374)P 


rd remem te ett tren REN SHRI ERROR en nar oe LLIN ARRAS hie AON ARE iea IOLA RP AN APPEL 


THE POLYTECHNIC 
OF NORTH LONDON 
SCHOOL OF APPLIED PHYSICS 
TWO ONE-YEAR 
RESEARCH 
ASSISTANTSHIPS 
are required for: 1 Study of excitation 
processes in electrical discharges in 
low pressure gases, relevant to 
improving sources for applied 
spectroscopy. Co-operation with the 
institut fir Spektrochemie, 
Dortmund, is planned; extension of 
tenure for the post, and registration 
for a higher degree, may be possible. 
2 Study of I/f noise, by the use of an 
autocorrelation method, at very low 





| 


SENOS NO OOIE CLT MNCL ATRYN aeaaaee EAA AP adaa 


CONFERENCES and COURSES 


DEPARTMENT OF “Fr 
BIOLOGICAL SCIENCE 
Applications are invited fo 
research assistantships, each fo 
to two years, to set up the first p 
of astudy of the dynamics of prir 
rain forest in Sabah, Malaysia. Th 
research is funded by an NERC gr 
awarded to Dr D M Newbery. One. 
post is for a plant ecologist and the 
other for a plant taxonomist. a 
















Applicants should be graduates in 
botany or a related subject, 
preferably with some postgraduate 
experience in tropical botany Of 
forestry and ideally not older than 26. 
years of age. The appointees are 
expected to spend about two-thirds 
of their time in the field. The starting. 
date is | January 1985. CER 






























Further particulars from, 
applications (naming two refi 
to: The University Secres 
University of Stirling, Stirling 
4LA. Tel: 73171, ext 2314. Closin 
date: 16 July 1984. 2346 





frequencies. The work will invo 
interfacing a microprocessor: 
various sources of electronic nols 


The salary for these posts, . 
duties of which include six hot 
teaching per week, is £4,946 +Ë 
London Allowance. 7 


Candidates should have gi 
Honours degrees in physics 
equivalent, and should apply di 
to the Head of the School of App 
Physics, Polytechnic of N 
London, Holloway Road, Lon 
N7 8DB, (Tel: 01-607 2789), sta 
the post in which interested ane 
brief details of qualificatio 
experience. (23 





5) Analytical Chemistry 


This postgraduate course, involving lecture courses, extensive practical work with 
modern analyucal instrumentation, and preparation of è dissertation on a research 
topic, can be completed over a period of six acaderve terns by full-time 







candidates, and in not less than 24 months by part-time candidates. Candidates 
having of expecting to have at least a Second Class Honours Degree in Science,’ 


with substantial Chenustry content, are eligible to apply and are invited to attend 
an Open Day in the Analytical laboratones in sud-July or early September a 
The closing date for receipt of applications is Saturday, 15 September, burt de 
candidates wishing to be considered for financial support as post-graduate I 
demonstrators should apply nat later than Friday, 20 July. l E 
Application forms and further information may be obtained from. 
Professor J. Cunningham, Head of the Department of Chemuistr 


| {Telephone (021) 26871, ext 2374) 



















A235 


. Coláiste na hOllscoile Corca 


University College Cork 





NOW DO COMPUTING 





t  COLORIMETRY WITH 





No more manual calculation of each 
concentration — this new accessory 
for your UA-5 absorbance detector 
will do it for you. 

The microprocessor-controlled 
Concentration Readout saves time 
and improves your accuracy. It 
converts sample absorbance to con- 
centration, then displays and prints 
it directly in any units you choose: 
mg/ml, g%, mol/f, Ib/gal ... 

“OW whatever. Use it with the UA-5 to 
automate such UV-VIS colorimetric 
assays as enzymes at 340 or 365 nm, 



















proteins or nucleic acids at 214 or 
254 nm, or heme proteins at 405 
nm. 

You can use the Concentration 
Readout to read solutions in spec- 
trophotometer-type cuvets; in a 
semi-automatic sipper system using 
the WIZ smartpump/dispenser to 
carry samples through a UA-5 flow 
cell; and in a fully automated 
system with the ISIS AutoSampler, 
WIZ and printer. In the automated 
system, you can print sample 
number and concentration of up to 
114 samples without operator in- 
tervention. 


YOUR ISCO UA-5 DETECTOR 


The Concentration Readout is our 
latest accessory to keep the UA-5 
ahead of other detectors you could 
buy. A UA-5 has 18 available 
wavelengths from 214 to 660 nm 
and full-scale sensitivity ranges 
from 0.002 A to 2.0 A. You can 
choose from 14 flow cells for 
applications ranging from uLC (0.12 
ul volume!) and HPLC to large-scale 
prep work. Use it to scan electro- 
phoresed gels or centrifuged density 
gradients, monitor simultaneously 
two separate columns or one column 
at two wavelengths, and, of course, 
to read solution absorbance in 
lift-out cuvets. And now, with the 
Concentration Readout, the UA-5 
gives you those readings automati- 
cally and directly in the units you 
want. 

For more information 
about the UA-5 lab 
system, write ISCO, 
P.O. Box 5347, Lincoln, 
Nebraska 68505, U.S.A. 
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_ When you say “why FPI 
you are half way there...  . 


... because FPLC instru- 
mentation from Pharmacia 
is the state of the art in high 
performance chromato- 
graphy equipment for the 
separation of biologically 
active molecules. 

Unlike any other chro- 
matography system, the 
FPLC System was designed 
from the beginning to meet 
the demands for high 
performance separations of 
complex biomolecules. Since 
all wetted surfaces are of 
glass, titanium and 
fluoroplastics, aqueous 


With the Pharmacia FPLC 
System separations of 
biomolecules are easily PÉ E 
performed. Chromato- 
graphy can be fully 
automated and reproducible 
results will be obtained 
while operator time is kept 
to a minimum. 


FPLC from Pharmacia 
goes beyond HPLC with biocompatibility 


Pharmacia Fine Chemicals AB 
Box 175 

S-75104 Uppsala 1 

Sweden 
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rcle No.62 on Reader Service Card. 





a 3 Fa Le h A "ES e 
-Multi-dimensiona 


FHS STS - ans yo 
enromatovrcradn 





Bw Fine Chemicals 






buffer solutions and organic 
solvents may be used for 
separating biological 
molecules while main- 
taining biological activity. 
The Pharmacia FPLC 
System is modular and can 
be tailored to your needs 
and budget. Depending on 
the exact configuration - 
chosen, the FPLC System 
will provide you with any of 
the following techniques y 
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using both the new high 

performance columns and | 
traditional chromato- 3 
graphic procedures. ; 
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SYNTHETIC 
PEPTIDES FOR 
MOLECULAR 
BIOLOGY 
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THE COMPLETE SERVICE 
Hydrophilicity Plotting 
Peptide Synthesis 

Peptide Carrier Conjugation 
Structure Elucidation 


For turther details, or tor 
any information 
concerning the use ol 
synthetic peptides in 
research please do nol 
hesitate to contact 


Cambridge Research 
Biochemicals Ltd, 
Button End Industri \ Cambridge Research 
Biochemicals Ltd. PO. Box 55 
ENGLAN 
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ACRTAMTIDTS 
RANGIRNI 


UNBEATABLE 
PURIA 


*| Setting the Standard 


BDH Chemicals Ltd, 
Broom Road, Poole, BH12 4NN. E 
Telex: 41186 or 418123 TETRA G. 
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land Tel: (0202) 745520. 
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RADOME POOLE. 


The proof is in the FREE sample. 
Send for it today & test it tomorrow. 


Minimum assay (ex N) 99.9% 
Ei% at 290 nm (aqueous) not more than 0.10 
Maximum level of impurities are 0.001% for both acrylic acid 
(conductometric) and water insoluble matter — one fifth the 
content of competing material. 

Product Code Ordering Nos: 100 gm 44313 2V 500gm 44313 4A 


Fill in the coupon for details of the complete range of Electran 
electrophoresis reagents, including the new Acrylamide Grade 1. 


FRANCE 
Laboratoires Merck 
(01) 8676.11.50 
GERMANY 
Promochem 
(0281) 25257 


ITALY 
BOH Itaña SAL 


Mear 
257954123 


Chemie 

(061) 381 555 
UNITED STATES 
OF AMERICA 


(03) 272-0671 


NETHERLANDS 
(020) 1373 


MEE EA ET, 


TiS EKAP PAREKRITHNES Y 
SB 03(272)0671 





Please send me the literature on the Electran range of electrophoresis” | 
reagents, including Acrylamide Grade 1 with unbeatable purity, and my 
Bivens 10gm free sample. 
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Recent developments in 
molecular biology, many of 
which have been described 
by their authors in Nature, 
are helping to clarify the 
causes of cancer. With each 
passing week, more and 
more people consider that a 
full understanding of cancer 
cannot be long delayed. 

But the implications for 
physicians and their patients 
are still entirely unclear. 


eel 


This is why NATURE has 
chosen to devote its third 
international conference to 
an occasion when 
researchers in the life 
sciences and clinicians can 
assess the importance of 
recent developments in 
molecular biology for the 
understanding and 
ultimately for the 
treatment of cancer. 


Organized and presented by 
NATURE, the international 


journal of science 


Perhaps the most important international con- 

ference you could attend in 1984. Devoted to 

the recent contributions of molecular biology 
to the understanding of malignant disease. 


For Research Scientists 
and Clinicians 


IN SEARCH OF UNDERSTANDING... 


SEPTEMBER 10, 11, 12, 1984 
BOSTON PARK PLAZA HOTEL 


Park Plaza at Arlington Street 
Boston, MA 02117 U.S.A. 


The conference program has been de- 
signed for two groups of people—re- 
searchers in the life sciences anxious 
to learn about and discuss the latest 
developments in the molecular biol- 
ogy of cancer, and physicians who 
consider that these developments 
may eventually affect their own work 
with patients. 


Participation in the conference will be 
restricted so as to provide opportunities 
for those participating to mix with and 
to question those responsible for the lat- 
est research. 


To this end, the leading scientists mak- 
ing formal presentations will also take 
part in two-hour round table discus- 
sions, providing an ample and unusual 
opportunity for participants to take 
part in detailed discussions and to make 
short presentations of their own. 


To take part in this important and novel 
conference, register now and book your 
rooms (also limited) at the Boston Park 
Plaza Hotel and Towers. 










R FOR THE CONFER- 

E Return the form appearing in 
_ this advertisement, with your check, or 
an authorized seg order from 


= = registration and payment is re- 

_ ceived by July 1, you may deduct $50 

_ from the regular full registration fee of 
~ $325. You pay only $275. 


_ THE SETTING: Boston Park Plaza 
E Hotel and Towers, Boston located at 

Park Plaza and Arlington Street, just 
off the famous Boston Public Gardens 
= and Common. 


K ROOM RESERVATIONS: A large 

block of rooms has been set aside for 
ý _ attendees, but we do suggest that you 
_ reserve your accommodations early, to 
= avoid disappointment. Rooms must be 
reserved directly with the Hotel, at 
617) 426-2000, or 800-225-2008, Te- 
x: 710 321 1088. Be certain to men- 
tion your participation in the “Nature 
Conference”, to take advantage of 
these special lower rates: Singles: $70, 
80 & 85; Double: $85, 95 & 100. 


_ CONFERENCE DINNER: The Con- 
_ ference dinner will be held on Tuesday 
_ evening, September 11th, in the Impe- 
rial Ballroom. TO INSURE SEATING 
_ AT THE CONFERENCE DINNER, 
_ please include your dinner ticket re- 
_ quirements and payment of $25 per 
person with your Registration. 


POSTER SESSIONS: A limited space 

for posters will be made available. 

lease write to: Poster Sessions Editor, 

_ Nature Publishing Company, 15 E 26 
St., N.Y., NY 10010. 
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l Please reserve my place at 
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l The Molecular Biology of CANCER 


I wish to reserve 


ner in the names of: 







Conference Registra- 
tion(s) in the names of: (Please print or type) 





and______ Seats at the Tuesday Evening Din- 








RECRUITMENT CENTER: Private 
meeting rooms and staff will be pro- 
vided for recruitment executives and 
scientists to discuss employment oppor- 
tunities. Contact: Miss Gene Fein, Re- 
cruitment Services Manager, Nature 
Publishing Co., 15 E. 26 St., N.Y., NY 
10010, (212) 689-5900. 
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Conference Program 
September 10-12, 1984 
Boston Park Plaza Hotel 









Daily Themes: 

DAY 1 - ONCOGENES, 

DAY 2 - THE CANCER CELL, 
DAY 3 - PROSPECTS/PROBLEMS. 





DAY 1 

MONDAY, 10 September 

Exhibition Viewing: 8:30am— 6:30pm 
Recruitment Center: 9:30am— 6:00pm 
ONCOGENES AND GROWTH 
FACTORS — WHAT THEY ARE 
AND WHAT THEY DO 


9:00— 9:15 
9:15— 10:00 


Chairman 
Oncogenes 
R. Weinberg (MIT) 


10:00—10:45 Growth factors 
M. Sporn (NIH) 
11:15—12:00 HTLV R. Gallo (NIH) 
12:00— 12:30 Clinician’s View 
S. Broder (NIH) 
2:00— 4:00 Roundtables with 
morning speakers 
4:30— 5:30 The Cancer Cell 


J. Cairns (Harvard) 


O AMEX 
Credit Card # 


Signature 


O Please Bill Me 





Náis Title O Please Bill My Organization 
RETURN TO: 
Co. /Institution The Molecular Biology of CANCER 
c/o NATURE PUBLISHING COMPANY 
Address 15 E. 26th Street 
NEW YORK, NY 10010 
City, State, Zip Phone: (212) 689-5900 
lS SS SS SS SE SN SR S SS SOS S SE N S 


I understand that as a paid conference partici- 
pant, | may attend all sessions, and receive all 
programs and other materials. 

My Check for $ 


Charge My Credit Card as Shown: 
O VISA 





(as it appears on credit card) 
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DAY 2 

TUESDAY, 11 September 

Exhibition Viewing: 8:30am— 6:30pm 
Recruitment Center: 8:30am— 6:00pm 
THE CANCER CELL — HEREDITARY 


CANCER, TUMOR PROMOTERS 
AND CARCINOGENESIS 
9:00— 9:15 Chairman 
9:15—10:00 Gene Regulation 
P. Leder (Harvard) 
10:00— 10:45 Hereditary cancer 
R. White (Utah) 
11:15—12:00 Carcinogens and 
promoters 
I.B. Weinstein (Columbia) 
12:00— 12:30 Clinician’s View 
F. Gilbert (Mt. Sinai) 
2:00— 4:00 Roundtables with 
morning speakers 
4:30— 5:30 NCI program 
DAY 3 


WEDNESDAY, 12 September 

Exhibition Viewing: 8:30am— 3:00pm 
Recruitment Center: 8:30am— 3:00pm 
PROSPECTS AND PROBLEMS— 
DRUG RESISTANCE, MONOCLONAL 
ANTIBODIES AND NEW DRUGS 


9:00— 9:15 
9:15— 10:00 


Chairman 
Diagnostics and 
therapeutics 

G. Todaro (Oncogen) 
Immunotoxins 

J. Uhr (Texas) 

Drug resistance 

A. Varshausky (MIT) 


10:00 — 10:45 


11:15— 12:00 


12:00—12:30 Clinician’s View 
J. Gutterman (Houston) 
2:00— 4:00 Roundtables with 
morning speakers 
4:00— 4:45 Prospects 
4:45 Closing remarks 


TO REGISTER FOR THE CONFERENCE, mail this form with your payment. 


is enclosed. 


O MASTERCARD 
Expiration date 
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Sensitive It Is. 
dioactive It Isn’t. 


~The DNA Detection System 
From BRL. 


Until now, only a radioactive label 
could provide the sensitivity required for 
detecting small quantities of DNA. 
Today—with BRL’s new DNA Detection 
System—vyou can visualize even single copy 
genes without radioactivity. 


What the DNA Detection 


System is: 


Sensitive. Using this enzyme-based 
system, together with the nonradioactive 
label biotin-11-dUTP, vou can detect 2 to 5 
picograms of DNA. The key to this extra- 
ordinary ability is a polymer of alkaline 
phosphatase, which provides far greater 
sensitivity than horseradish peroxidase. 

Reliable. Only BRL provides pretested 
reagents for making DNA test strips on 
your nitrocellulose. Developed beside 
your filter, test strips act as an internal 
control, enabling you to monitor each 


BRL 


Bethesda Research Laboratories 
Life Technologies, Ine 
Cmithershurg, Marvland 20877, USA 
Tela 4210 RRL GARG UW 

To Order: (AV) 638.8% 

lex bine: (AY i ‘ 

Ir Marvland and outside t 
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visualization reaction. 

Easy to use. All the reagents in the 
system —biotinylated poly alkaline 
phosphatase, streptavidin, dyes, biotinyl- 
ated control DNA and DNA dilution 
buffer—are prescreened for use together. 
They are packaged in a convenient 
plastic container in which the filter can 
be developed. In addition, BRL’s DNA 
detection experts have compiled a clear, 
step-by-step instruction manual which is 
included with the system. Our scientists 
also can assist you when you call the 
BRL Tech-Line’™’. 

Flexible. You can label your DNA 
with biotin-11-dUTP and the nick trans- 
lation reagents or labeling protocol of 
your choice. Of course, if you choose to 
purchase BRL’s own Nick Translation 
Reagent System and our Biotin-11-dUTP, 
you can be assured of optimal results, 


Bethesda Research Laboratories Ltd 
PO”. Rex Postach 210265 
Trident House DOO Karleruhe 21 
Rentrew Rowd ERA 

Pursk'y PA EF, Scotland lek: | 


Tel: (41 889 Oh 


721 TOS 


leben: 777268 CGIROO G 


Berhesda Research Laboratories GmbH 


because they are completely qualified ; 
use with our companion DNA Detection 
System. 

Rapid and inexpensive. Faster than 
autoradiography, the DNA Detection 
System actually costs less to use and 
requires no expensive equipment. 
What the DNA Detection 
System Isn’t: 

Radioactive. Used with hiotin-11- 
dUTP, our system has none of the 
safety, stability and disposal problems 
associated with radiolabeling for auto- 
radiography. 


Ask for our brochure and try 
BRL’s DNA Detection 
System. You'll like it for what 
it is—and for what it isn’t: 


Bethesda Rescarı h l aboratoric aS ARI 
F.05220 Herblay, Fram 
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|. Weapons in space 


. UK medical research 
| No sale for UK chip-maker Inmos 
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Spheres consisting of nuggets composed almost entirely 
‘of platinum group elements from space, collected from 
e ocean floor east of Hawaii (see p.693). 


—— OPINION 


New machinery for UK science 
Aaims to antiquity 
Unwelcome precision 
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Australian uranium 657 
US-China nuclear treaty 
Electron accelerators 
cademic ethics 
-Computer theft boom 
Japan’s unemployed PhDs 
Academic demography awry 
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3 _ US Naval Observatory 
661 


_ Neural tube defects 

Artificial reproduction 

British universities 

~ Reagan’s Lysenkoism 
Baikal-Amur railway 
Optical microscopes 


| CORRESPONDENCE 


Coronaries and diet/Indian universities/ 


662 


663 


elc. 664 
|——NEWS AND VIEWS— 
Ferils of too much disclosure 
Yohn Maddox 665 
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Cardiac peptides and the 
control of sodium excretion 

G ASagnella&G A MacGregor 
Generation of the shortest 

ever optical pulses 

Peter Knight 

Proteins that bind the 

B -lactam antibiotics 

A F W Coulson 

Quadrantid meteors 

David W Hughes 

DNA gyrations in reverse 
James C Wang 

‘Heavy’ electrons in metals 
Tony Leggett 

Methods and success of nuclear 
transplantation in mammals 
Anne McLaren 


667 
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—BOOK REVIEWS—— 


Of Mice, Models, and Men: A Critical 
Evaluation of Animal Research 

by A N Rowan and 

Man and Mouse: Animals in Medical 
Research 

by W Paton 

L G Goodwin 

The Archaeology of Beekeeping 

by E Crane 

John B Free 

Weapons and Hope 

by F Dyson 

Wiliam H McNeill 

Statistical Physics and the Atomic Theory 
of Matter, from Boyle and Newton to 
Landau and Onsager 

by S G Brush 

Cyril Domb 

The Nature and Practice of Biological 
Control of Plant Pathogens 

by R J Cook and K F Baker 

J W Deacon 

Theoretical Mechanics 

by E N Moore 

J W Humberston 
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Direct land/sea correlations in the last 
interglacial complex 
J-L Turon 


729 


730 


731 


732 


673 


Reverse gyrase — a topoisomerase 
which introduces positive 
superhelical turns into DNA 


A Kikuchi & K Asai 677 





Use of light for footprinting 
DNA in vivo 
M M Becker & J C Wang 


682 


& M M Wheelock 


& DA Riley 


| T I Gerasimova, L J Mizrokhi 


-LETTERS TO NATURE-| 


- Search for excess cosmic-ray events 


from the galactic plane 
R W Clay, R J Protheroe Ee 
687 





& P R Gerhardy 

Radio wave scattering 

in the galactic disk 

J M Cordes, S Ananthakrishnan 
& B Dennison 


Hercules X-1 — a 1,000 GeV y-ray pulsar 
J C Dowthwaite, A B Harrison, 
I W Kirkman, J H Macrae, 

K J Orford, K E Turver 

& M Walmsley 





691 





Extraterrestrial platinum group nuggets | 
in deep-sea sediments ai 
D E Brownlee, B A Bates | 
693 





Evidence from core-reflected 


| Shear waves for anisotropy 


in the Earth’s mantle i 
Y Fukao 695 
Subduction regression and eceanward = 
migration of volcanism, 
North Island, New Zealand 
R N Brothers 





698 





A late Devensian ice-free area and 
possible interglacial site 

on the Isle of Lewis, Scotland 5 
D G Sutherland & M J C Walker 701. 





interpretations of the 
magnetostratigraphy of 
the Hadar hominid site, Ethiopia 





T J Schmitt & A E M Nairn 704 
| Adult-obtained pyrrolizidine alkaloids _ 

defend ithomiine butterflies 

against a spider predator 7 

K S Brown Jr 7 





Fibre type composition of single motor — 
units during synapse elimination in 
neonatal rat soleus muscle 3 
W J Thompson, L A Sutton OAs 
709 | 





Is stepwise sarcomere shortening an 
artefact? — a response 

G H Pollack 

Comment: A Huxley 


712 | 
713 | 





Transposition bursts in genetically 
unstable Drosophila melanogaster 


& G P Georgiev 714, 
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Plasmids/Cosmids 


pJB8 A Charon 4A DNA. 
pAT153 A gt WES.AB’DNA_ 
< pBR322 àin vitro packaging kts 
<o pBR325 | à Charon 4A DNA, Eco RI arms | 
_. pJDB207 A gt WES.AB’DNA, Eco Rl arms 
pJB8 arms M13 mp8 and mp9 vector kit 
Homer Ill M13 mp10 and mp11 vector kit 
. ColE1DNA M13 tg130 and tg131 vector kit 
_ pAT158, Pst l-cut, oligo dG-tailed M13 mp8, Sma l-cut, dephosphorylated — 
_ pBR322, Pst l-cut, oligo dG-tailed M13 mp10, Sma |-cut, dephosphorylated — 
_. pAT153, Bam Hi-cut, dephosphorylated M13 cloning kit with mp8 and mp9 vectors 
- pBR322, Bam HI-cut, dephosphorylated M13 cloning kit with mp10 and mp1 vectors 








® Restriction endonucleases 
@ Oligodeoxynucleotides 


» Modifying enzymes 
@ M13 sequencing kit 


Also available: 








~ For further details please contact our Research Products technical service group or your local Sa 


“Amersham International pic 
-Amersham England HP7 LL. 
jephone Little Chalfont (024 04 34444 
lex 83141 ACTIVA G | 









i am j Australia PTY Limited Syaney Amersham mE ee 
ais ration Arlington Heights USA 5 


vam Denmark ApS 6 Birkerød Amersham France SA Paris 5 Amors y 
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e Will the policy of 
“concentrating” the universities 
in Holland and Beigium create 
more problems than it solves: ? 

e Is Belgian science stagnating? 

è What would be the effect of 
increased government control 
over Dutch research policy? 


These and other questions are 
examined in. Nature's special 
supplement on Science in the 
‘Low Countries. 

Extra copies of this issue are 
available now from the address 








given below. 
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s ! Sarugaku-cho -chome 
Chiyoda-ku, Tokyo, Japan 
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| J Lewicki & J Fiddes 


Symposia: 


Control of tu bulin gene expression in the 
parasitic protozoan Leishmania enriettti 
S M Landfear & D F Wirth 716 





Purification, sequencing and synthesis 
of natriuretic and 

vasoactive rat atrial peptides 

S A Atlas, H D Kleinert, M J Camargo, 
A Januszewicz, J E Sealey, J H Laragh, 
J W Schilling, J A Lewicki, 


LK Johnson & T Maack 717i) 





Cloning and sequence analysis of the 
cDNA for the 
rat atrial natriuretic factor precursor 


M Yamanaka, B Greenberg, L Johnson, | 


J Seilhamer, M Brewer, T Friedemann, 
J Miller, S A Atlas, J Laragh, 
719 


Structure of rat atrial natriuretic factor 
precursor deduced from 

cDNA sequence 

M Maki, R Takayanagi, 

K S Misono, K N Pandey, 





| C Tibbetts & T Inagami 722 | 





Cloning and sequence analysis of cDNA 
encoding a precursor for human atrial 
natriuretic polypeptide 

S Oikawa, M Imai, A Ueno, S Tanaka, 

T Noguchi, H Nakazato, K Kangawa, 

A Fukuda & H Matsuo 724 


—MATTERS ARISING— 


Astrophysical consequences 

of n-n oscillations 

S Sarkar 

Reply: C Sivaram & V Krishan 727 





Formation of sapropeis in 

the Tyro Basin 

F W McCoy & D J Stanley 

Reply: S R Troelstra, G T Klaver, 

H L ten Haven & D Jongsma nT 





Sequence similarity among 
retroviruses — erratum 


R Patarca & W A Haseltine 728 | 


THE above paper appeared in Nature of 17 


May (309, 288; 1984) and is reprinted with | 


major corrections, 
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100 years ago 671 | 


Product Review: peptides and 


oligonucleotides 733 | 
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| Professional appointments — Research 


posts — Studentships — Fellowships — 
Conferences — Courses — Seminars — 


Back pages | 








Next week in Natur : 


@ T-cell receptor sequence 
@ Growth factors and cell 
transformation 
@ Haematopoietic regulator cloned 
© Peptide-cluster H-2 antigen 
@ y-interferon boosts antibodies 
© Tricking bacteria to make foreign 
genes 
@ Vitamin E and retinopathy of 
prematurity 
@ Regeneration of sensory neurones 
@ Bill size selection in Darwin’s 
finches i 
Earliest leaf-bearing plant 
Ocean eddy forecasting __ 
Deuterium detection from Spacelab | 
Dorothy Nelkin reviews David 
Dickson’s The New Politics of 
Science 


—GUIDE TO AUTHORS- 


Authors should be aware of the diversity of Nature's 
readership and should strive to be as widely understood 
as possible. 
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| Review articles should be accessible to the whole 


readership. Most are commissioned, but unsolicited - 
reviews are welcome (in which case prior consultation — 
with the office is desirable). 

Scientific articles are research reports whose _ 
conclusions are of general interest or which represent ~ 
substantial advances of understanding. The text should 
not exceed 3,000 words and six displayed items (figures 
plus tables). The article should include an abstract of , 
about 50 words. 


Letters to Nature are ordinarily 1,000 words long with E 
no more than four displayed items, The first paragraph 
{not exceeding 150 words) should say what the letter is 
about, why the study it reports was undertaken and 
what the conclusions are. FS 
Matters arising are brief comments {upto 500 pwoidsion.: 
articles and letters recently published m. Nature 
originator of a Matters Arising contribution she 
initially send his manuscript to the author of the origi 
paper and both parties should, wherever postible, Ag 

on what is to be submitted, pa 







Manuscripts may be submitted either to London or 
Washington (decisions being made only in. London). oe 
Manuscripts should be typed (double spacing) on one 
side of the paper only. Three copies are required, each ani 
accompanied by copies of lettered: artwork. Ne title 
should exceed 80 characters indength, Reference lists; 
figure legends, etc. should be on: separate sheets, all of i 
which should be numbered, Abbreviations, symbols, 
units, etc. should be entitled: atv one copy of the: E 
manuscript at their first appearance, 


References should appear sequentially . indicated by 
superscripts in the text and should be abbreviated 

according to the World List of Scientific Periodicals, 
fourth edition (Butterworth 1963~65). The first and last = 
page numbers of each reference should be cited... 
References to books should clearly indicate thec: 
publisher and the date and place of publication. 
Unpublished articles should not be formally referred to 
unless accepted or submitted for publication, but may E 
be mentioned in the text. ae 
Each piece of artwork should be clearly marked withthe 
author's name and the figure number. ‘Original artwork 

should be unlettered. Suggestions for cover illustrations 
are welcome. Original artwork {and one: copy of the 
manuscript) will be returned when manuscripts cannot . 
be published. 


Requests for permission to reproduce material oe id 











of Nature should be accompanied by a self-addressed - 
fand, in the case of the United K ingdom and. ue 


` States, stamped eneelope, 





The New Bio-Response MCT* (Mass Culturing [f 
Technique) System Delivers Monoclonal Antibod-| 
Other Mammalian Cell Products When 


Them—From Grams To Kilograms. 






insufficient quantities of 


desired peptides are a key 
cause of expensive research and 
production delays. The MCT 
system is a new and unique 
mammalian cell culturing pro- 
cess designed to overcome the 
obstacle of insufficient quan- 





the quantity you need.. 
you need it! Additionally, every 
step in MCT production has 
been developed to contain costs 
now and in the future while 
maintaining exceptional purity 
and quality in mammalian cell 


proteins. 


tities of peptides by delivering 


Quantity 


Unlike conventional cell- 
culture methods, the MCT 
system uses “fresh, free- 
flowing lymph rahe 
from a cow. Following 
treatment, the lymph is 
continuously diffused into 
and out of a growth cham- 
ber. This nearly in vivo 
growth environment stim- 
ulates continuous and opti- 
mal protein secretion. The 
result? Large quantities of 
desired proteins enabling 
you to move to the clinic or 
market... faster. 


Cost 


Unlike conventional cell- 
culture methods that re- 
quire extensive labor forces 
and expensive growth medi- 
ums, Bio- Response’s 
MCT is a closed, 
steady-state system. 
In essence, the MCT sys- 
tem starts with a low- 
cost lifeline-—a feeding 
cow---and ends with a 
pure, quality product. MCT 
„an optimal system at low 
cost. 
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Purity 


Unlike conventional cell- 
culture methods, the MCT 
system Is designed to 
insure purity without tedi- 
ous processing. By direct- 
ing the lymph across semi- 
permeable membranes, 
MCT provides both separa- 
tion of media protein from 
desired cell products, and a 


continuous nutrient flow. 


The ability to add or with- 
draw from the chamber to 
maintain optimal cell den- 
sity permits continuous 
harvest of a highly pure 
product. 


For further information, call Bio-Response, Inc. at 


(415) 786-9744. 








Quality 


Unlike conventional meth- 
ods of production that 
attempt to create biologi- 
cally active mammalian cell 
products, the MCT system 
provides a pure- -mammial- 
ian E exact copy 
of the original protein and, 
in the case of non-antibody 
polypeptides, uncompro- 
mised by inappropriate gly- 
cosylation and disulfide 
bond formation, There is a 
growing consensus favor- 
ing products produced in a 
mammalian cell-culture 
system, such as the 
Bio-Response MCT system. 








ei -*MCT (Mass Culturing Technique) ig a trademark of Bio-Response, Inc. 


i 


© 1984 Bio-Response, Inc. All Rights Reserved. 














Isolate DNA and RNA with CsTFA” 
a new centrifugation medium 


| e Convenient isolation of nucleic acids 
| ray è improves purity and quality 
Neorg F, è Bands all types of RNA 
p è Inhibits nuclease activity 
2 e Fewer phenol extractions 
Á e Easy recovery by ethanol precipitation 
e EtBr-free one-step plasmid isolation 


i 


Contact us today for more information on CsTFA 
and other nigh quality centrifugation media 

for nucleic acids, including optical 

and reagent grades of CsCl, or 

order directly from your 

local representative 


Pharmacia Fine Chemicals AB 


Box 175 Pharmacia 
S-75104 Uppsala 1 


Ese! Fine Chemicals 










... a good name for 





With its listing of nearly more than 4000 chemical compounds in the field of biologically active peptides, including 
protected amino acid derivatives and peptide fragments for various methods of peptide synthesis, BACHEM’s new catalog- 
$7 1984/85 is one of the most important tools for all those scientists requiring the most different biologically active peptides _ 
for their daily laboratory work. if you did not receive the catalog till now, please, send for your free copy. Nevertheless, if you 
cannot find a particular peptide in our catalog S7, please do not hesitate to contact our specialists for custom syntheses and 
you will get a prompt quotation. 


Are you looking, however, for somebody able to produce large quantities of biologically active peptides or to help you in the 
transformation of theoretical synthetic considerations into the sometimes cumbersome practice of peptide synthesis, we 
present us as your partner for contract work. i 

Finally, the following information sheets are now available in new editions: 


- BA 035 Substance P, Analogs and Sequence of Substance P, Antagonists of 
Substance P. 


— BA 040 Enkephalins, Endorphins and Opioid Peptides. 
~BAO13 Enzyme Substrates. 
~ BA 003 FMOC-amino Acids. 


All peptides described in these information sheets have been synthesized by our 
peptide synthesis department following the best synthetic ways either by conventional 
or by solid-phase methods. 

Solid-phase chemistry at BACHEM’s laboratories is now exclusively performed on the new 
LABORTEC Peptide Synthesizer SP 640, an instrument which convinces by its ease 
of handling, its high reliability and, especially, by its very low price. You should immedia- 
tely ask LABORTEC for more information and prices on its Peptide Synthesizer SP 640. 


BACHEM Feinchemikalien AG Labortec: AG 





Hauptstrasse 144 Hauptstrasse 144 
CH-4416 Bubendorf/Switzeriand CH-4416 Bubendorf/Switzerland 
Phone: 061/95 23 33 / Telex: 966 081 Phone: 061/95 23 33 / Telex: 966 081 
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MICRO 84 9- 13 JULY 1984 


at the 


Bloomsbury Crest Hotel 





i nn y?’ (Close to e i Line)) 
INTERNATIONAL SYMPOSIA AND EXHIBITION 


(in Association with NATURE) 


Symposia Subjects will include 


Immunocytochemistry; Microscopy of Interfacial Structures * ; pecin LM and EM-—Complementary Techniques; X-Ray 
Microscopy ` ; Modern 


iT Chae 








Microscopy; Applications of Light Microscopy; TEM (STEM) State of t Environmental, Forensic and Archaeological Mi 
Aspects of Microscopy (SEM/LM)" ; Microscopical Measurement (LM); Imag | Computer-aided Collection of Date; Proteases and 
Peptidases; SEM Optimisation”; Histochemistry of the Eye; Acoustic Microscopy; In Situ Hybridisation; Biological X-Ray Microanalysis; Cryo 


Techniques * . 
(* These symposia have a strong SEM emphasis) 


Exhibition of the Latest Microscopes, etc by 


Ltd, Bausch & Lomb Ltd, BDH Chemicals Ltd, Blackwell's Bookshop, BOC Ltd, 


































Let the 
NEN adva 
in molecular bi 
work for you. 


The NEN advantage is the superior performance you 
get from products at the forefront of biotechnology. 
In molecular biology especially we offer a variety 
of innovative products in response to your specific needs. 
Here are three examples. 
Pretested research systems— 

We offer three new systems: C-Tailing and Cloning, 
Southern Cross/Restriction Mapping, and Wheat Germ 
Translation. That makes 16 systems pioneered by 
NEN to bring convenience and reproducibility 
to molecular biology studies. 


Autoradiography Enhancers— 
We continue to lead the industry with 
ENSHANCE™ and ENLIGHTNING™, the enhancers 
that drastically reduce processing time. 


35$-Nucleotides 
Perhaps the best example of our commitment 
to biotechnology is our *5S-nucleotides, pioneered by NEN 
as a superior alternative to the conventional use of 32P 
The technical and safety advantages of using 35S 
are widely recognized, and we are 
collaborating with the research community 
to develop further applications. 


Let the NEN advantage work for you. 
Ask your NEN Technical Representative to give 
more information about these and our other problem- 
solving products for molecular biology. 








CY New England Nuclear” TU PONT 


OER eee areas Albany St. Boston, MA 02118, Toll-Free 800-225-1572, In Mass. and Intemational 617-482-9595, Telex: 94-0996 
: NEN Chemicals GmbH, 0-6072 Dreieich, W. Postfach 401240, Tel: (06103) 803-0, Order 4 803113 Telex: 4-1 NEN D 
re RT Aaa GSOS baa Prodan Sees coe nk Lachine, Quebec HBT 3C9, wt Shae aa oS 808 a 
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Bio-Rad'’s new electro-blot system 

offers unprecedented power, T resolu- 

tion, and simplicity of operation. 

The key performers in the new system 

are the Trans-Blot® Cell and Model 
250/2.5 Power Supply. Together, they 
provide a level of performance previ- 
ously unobtainable. 

New Trans-Blot Cell 

. Accommodates 3 gel cassettes with con- 
venient handles for easy removal. A unique 
gel cassette clamping system eliminates 
slippage, and provides positive contact 
between membrane and gel. 

- One-piece molded construction prevents 
leaking and increases strength, assuring 
many years of use. 

- Removable platinum electrode cards designed 
for easy cleaning. | 
« High efficiency cooling coil. 

New 250-Volt, 2.5 Amp Power Supply 

. Constant voltage, continuously adjustable from 0-250 
volts. 0-2.5 amps. 


*Photo courtesy of William Garrard and David Gross, 
University of Texas Health Science Center Dallas TX. 


- Capable of supplying power for even the most 
demanding blotting experiments. No other 
supply can provide both high amps and 
volts simultaneously. 
h Digital meter, regulated output and 
b} fan cooled, for easy viewing, per- 
ġġ formance and reliability. 
7” -+ Dual outputs wired in par- 
allel allow running of 2 blots 
” simultaneously. 
- Overload protected. 
- Conforms to all relevant safety standards 
to protect. operator. 
New detection systems and transfer membranes 
Completing the system, Bio-Rad offers 
- Two rapid ways to perform Immun-Blot™ non-isotopic 
picogram level detection using affinity purified 
Goat anti-Mouse and Goat anti-Rabbit horseradish 
Peroxidase conjugates. 
. New nylon-based membrane, Zeta-Probe”™ for efficient 
Western, Southern and Northern electro-blotting. 
- All needed reagents, membranes and supplies, as well as 
comprehensive applications data and protocols. 
Contact us for details. 


Bio-Rad Laboratories 
2200 Wright Ave., Richmond, CA 94804 
(415) 234-4130 


Also in Rockville Centre, NY Australia, Austria, 
Canada, England, Germany, Italy, Japan, 

The Netherlands and Switzerland. 
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When you say “why FPLC” 
you are half way there... 


La 


... because MonoBeads™ from Pharmacia is the state of the art in Three derivatives of 
high performance media for separating and recovering this monodisperse 
biologically active molecules. matrix are prepacked 
MonoBeads is a new generation pressure and pH stable for high resolution in 
chromatography matrix specifically designed for borosilicate glass 
protein and peptide chemistry. MonoBeads is a columns, Mono Q™ HR 5/5 
beaded hydrophilic resin which is rigid and has (strong anion exchanger), 
the narrowest of any particle size Mono S™ HR 5/5 (strong 
distribution available today for cation exchanger) and Mono P™ 




















chromatography. 5/20 (chromatofocusing). These 
columns are run with aqueous buffers at 
ow back pressures, to separate labile bio- 
rn molecules, analytically or preparatively, while 
retaining biological activity. 
Glass columns prepacked with MonoBeads give you 
high recoveries and high performance resolution in 
minutes. 
... SO go all the way. 
The inert glass columns together e High recovery of biological 
with the high performance activity 


MonoBeads provide you with a 
complete and optimized range of 
columns for the separation of 
proteins according to charge. 
Electrophoretic titration curves solvents 

can indicate which column and pH è Three dimensions: anion 
will give optimal resolution of a PROTEIN exchanger, cation 
particular protein in the sample mW, a exchanger and 

mixture. Different combinations of chromatofocusing 

the three exchangers plus varied e Analytical and preparative 
pH, ionic strength and gradient niii ‘icin (1 wg—5 mg/peak) 

shape offer you innumerable è Rapid separations 
possibilities for separating è Economical 

complex biomolecules. 


© High performance 
prepacked glass columns 

e Wide pH range (2-12) 

© Aqueous buffers and organic 





FPLC from Pharmacia 
goes beyond HPLC with biocompatibility 


-esieeage Fine Chemicals AB Pha rmacia 
ee ee Fine Chemicals 
weden 
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BIOSYSTEMS UPDATE 


A New Approach to Automated Peptide Synthesis 


Applied Biosystems is pleased to announce 
the first instrument designed for high effi- 
ciency peptide synthesis. The key to the high 
coupling yield of the Model 430A Peptide 
Synthesizer is an activation unit which 
converts the amino acid to a very efficient 
acylating species immediately prior to the 
coupling step. The defined protocol has 
been optimized for general peptide synthe- 
sis, but the fully programmable system 
allows straightforward adaptation to other 
chemistries. 


Cycle times with the general synthesis pro- 
tocol are approximately one hour. A single 
loading of protected amino acids, reagents, 


@~Giy-—Asn-—l\ie-— Tyr Asp -— lie -—Ala ——Ala-—— Gin -— Val 
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Amino acid incorporation during assembly of Acyl 


Carrier Protein residues 65-74. 







ANALYTICAL METHOD 
Quantitative Ninhydrin Monitoring’. 


Preview Quantitation by Solid Phase Sequencing ot 
Protected, Resin Bound Peptide‘. 


Amino Acid Analysis of HF Cleaved, Deprotected Peptide 
























and solvents will give up to 50 synthesis 
cycles. To insure high coupling yields, 
Applied Biosystems manufactures and 
supplies all synthesis reagents. 


The data below summarize the results of the 
synthesis of the decapeptide Acyl Carrier 
Protein (65-74). These results illustrate the 
combined capabilities of the novel auto- 
mated synthesis procedure and the high 
quality peptide synthesis reagents and loaded 
resins. 

The new Model 430A Peptide Synthesizer 
was introduced at FASEB, Analytica and at 
the ASBC Meeting. For more information, 
circle No. 08 
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HPLC chromatogram of crude, HF cleaved Acyl Car- 
rier Protein (65-74). 





STEP YIELD (%) 


99.6| 99.5| 99.4) 99.1 | 99.2| 99.2 | 99.1 | 98.9 
99.4| — |99.3|99.1 | 99.2| — |98.9|98.7 


RELATIVE AMINO ACID EQUIVALENTS 


1.00 | 0.97 | 0.90 | 0.94 | 0.97 | 0.90 | 0.96 | 0.96 [0.94 0.98 


Amino Acid Residue Gly~-Asn~<-lle~—Tyr~-Asp~-lle~ Ala ~Ala~-Gin~-— Val 
Step yield quantitation and amino acid analysis results for Acyl Carrier Protein (65-74) chain assembly using Applied 


Biosystems’ general synthesis protocol. Only single couplings were used throughout the synthesis (except for Gin). 
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ULTRAPURIFICATION OF 


MONOCLONAL ANTIBODIES 




















Your present purification 
methods may be missing 
something. 


Even electrophoretically pure mono- 
clonal antibody preparations are fre- 
quently contaminated with antibodies 
of unknown specificity. 

With the new Bio-Rad high perfor- 
mance hydroxylapatite (HPHT) protein 
purification system* these contaminants 
can be detected and removed—quickly 
and easily—either directly from raw asci- 
tes or from immunoglobulin fractions 
purified by other methods. 


Consider the evidence. 


The experiment at left illustrates the 
separation of an electrophoretically 
pure immunoglobulin preparation into 
different species with the Bio-Rad HPHT 
system. Using the HPHT system, you can 
purify the antibody from as much as 
40mg (~1ml) of total protein present in 
raw ascites per injection. 


Consider the advantages. 


Obtain the purity you need for ther- 
apeutic applications and dramatically 
increase the specific titer of your anti- 
body for the best possible sensitivity 
and specificity in immunoassays and 
other applications. 


Make sure your monoclonal 
antibodies are ultra-pure. 


Contact our applications scientists at 
(800) 4 BIO-RAD for complete infor- 
mation on the new HPHT protein puri- 
fication system. 


* Patent applied for 


Circle No.07 on Reader Service Card. 


BIO-RAD 


Bio-Rad Laboratories 

2200 Wright Ave. 

Richmond, CA 94804 

(415) 234-4130 

Also in Rockville Center N.Y, Australia, 
Austria, Canada, Engiand, Germany, Italy, 
Japan, The Netherlands, and Switzerland. 





This work was done in collaboration with Dr. W.L. Bigbee and A.M. Lowry from the Biomedical Science Division, Lawrence Livermore National Laboratory, Livermore, CA. 
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Edited By 

Robin A. Weiss, Institute of Cancer 
Research, London 

Natalie M. Teich, imperial Cancer 
Research Fund Laboratories 

Harold E. Varmus, University of 
California, San Francisco ppl 

John M. Coffin, Tufts University School 7 i ¥ 
of Medicine PX 


Since the original edition of RNA TUMOR VIRUSES first appeared two years ago, there h tho en 
an enormous increase in the amount of detailed information and a wealth of novel ol obs Jer ervation 
in retrovirology. Several progenitors of retroviral oncogenes have bi een implicated in uman 
cancers, protein products of many oncogenes have been described, , several Onc 
genes have been identified, and sequencing of many retroviral genomes, L S a 
and v-onc and c-oncgenes has been completed. The result is a TWO- VOLUME PAPERBACK EDITIO N 
of RNA Tumor Viruses that is almost double the size of the original edition. Volume 1 contains _ 
the original text and remains the standard textbook for graduate students. The developments 
of the past two years, including a new chapter on human oncogenes, are recounted in Suppie- 
ments to the original chapters. These appear in volume 2 along with new, expanded appendixes 
of extensive sequencing results and structural and restriction maps. Thus, those who already 
own the original edition need only purchase the second volume to update their hardcover copy. 





















Contents 
Volume 1 


introduction: Origins of Contemporary RNA Tumor Virus Research; Taxonomy Of Retroviruses (N. Teich: 
Experimental Blology and Assay of RNA Tumor Viruses (R. Weiss); Structure of the Retroviral Genor 

(J. Coffin); Replication of Retroviruses (H. Varmus, R. Swanstrom), Protein Biosynthesis and Assembly _ 

(C. Dickson et al); Genetics of Retroviruses (M. Linial, D. Blair); Pathogenesis of Retrovirus-induced Disease — | 
(N. Teich et al); Functions and Origins of Retroviral Transforming Genes (J. M. Bishop, H. Varmus); Endog genous 
Viruses (J. Coffin), The Search for Human RNA Tumor Viruses (R. Weiss) 






Volume 2 


Supplements to original chapters; Human Oncoge! , ; Appendixes —Nomenciature; Nucleotide | 
Sequences complemented with Functional and Structural Analysis; Restriction Endonuclease Maps; tRNA 
Primers; Amino Acid Sequences of Retroviral Structural Proteins 


June 1984, 1/Text 1292 pp., illus., index 

September 1984, 2/Supplements : and A Appendixes 976 pp. (approx.), illus., index 

ISBN Text 0-87969-166-2 a 

ISBN Supplements and Appendixes 0-87969-1 67-0 

LC 83-26227 

Text (Paper) $50 ($60 outside US) 
lement (Paper) $35 ($42 outsic 

$8 : esi D outside US) 

















orders for Japan: University of Tokyo Press, 7-3-7 HONGO, Bunkyo-ku, 113-91, Japan. 





How to get custom DNA or 
‘peptides from a telephone—Fast/ 


Call Biosearch. 


Our business is synthetic 
DNA and peptide chemistry. 
And we've automated these 
chemistries to supply you 
with high quality, custom 
oligonucleotides and peptides 
for prices that will fit your 
budget and need for fast IES poe 
delivery. —_s 





very competitive prices. Each 
peptide is shipped with com- 
plete analytical data for prod- 
uct verification. Call us with 
the sequence you need and 
we'll furnish a quote the 
same day. 





Additional discounts are 
available for multiple orders. 





So ...to get the best custom 
ER Custom DNA—Choose we can deliver a custom DNA or peptides from a 
from three new pricing op- product within ten days! telephone, 
tions to suit your budget and : call Biosearch. Today! 
requirements for speedy Custom peptides—We 
delivery. For example, save guarantee confidentiality, Se- | 800-227-2624 
up to 25% on our regular quence integrity, on-time 


delivery, and high purity at | Inside California: 
(415) 459-3907 


price if you sequence your 

custom nucleotide. And fast? 
Depending on the option 
you choose, 








y ~ BIOSEARCH 2980 Kerner Boulevard 


San Rafael, California 94901 
= 






Telex: 703077 BIOSEARCH 


Pa 
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We're well known for the quality restriction 
enzymes which we produce. But we're also 
involved in much more. 


We manufacture Message Dependant Lysate, 
SPPI DNA, DNA/RNA Modifying Enzymes, 


immobilised Antibodies and Steroid Antisera. 


We also sell Riboprobe”, Packagene ™ 
RNasin “ and GammaPrep™ ‘systems. 


And we're currently oe new 
enzymes. 


Write or telephone us now for your free 1984 
catalogue and you'll see just how much we 
can do for you. 


3g Genan Street 
Liverpool L7 3JG 
Telephone 051-709 4701 
Telex 627694 





i k TM) j) Promega Biotec) 
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| San Francisco: Jobson/Jordan/Harrison/Schulz, 
Ine. {415} 392-6794 
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New machinery for UK science 
After only a year, the new-style administration of British academic science has more enemies than friends. 
The best course would be to redesign the machinery, the best hope is that it will be improved. 


THE British, humiliated earlier this week at the English national 
sport of cricket by a bunch of skilful Caribbeans, seem also to be 
heading for defeat in their next most gripping preoccupation, that 
of reorganizing the administration of publicly supported science. 
Although new arrangements for deciding how the budget for 
basic science should be distributed were introduced only at the 
beginning of 1983, the new system is already in trouble. The focus 
of general discontent is the Advisory Board for the Research 
_ Councils, the committee whose indispensable function is to tell 
Athe Department of Education and Science how the annual science 

budget for academic and basic research should be divided among 
_its traditional recipients — five research councils, the Royal Socie- 
ty and the British Museum (Natural History). 

For much of the time since the early 1970s, the board was a cosy 
committee of the executive heads of the research councils, the 
chief spenders of the science budget, accompanied by the chief 
scientists of other government departments. A select committee 
of the House of Lords then complained that the board had 
become too ingrown, too idle and too unreflective. The govern- 
ment declined to follow the advice then given that there should be 
a part-time minister with separate responsibility for civil science, 
but instead agreed that the board should be strengthened (which 
in practice has meant enlargement) and encouraged to take a 
wider view of the conduct of civil science. A year ago, those in- 
volved were full of hope that the new arrangement would function 
well. What has gone wrong? 

Complaints abound, not the least of which is that the board has 
been turned into yet another talking shop of all the talents. Cer- 
tainly it is too large to take decisions, or even to give advice 









decisively. The new chairman of the Economic and Social 


~ Research Council, Sir Douglas Hague, seems subversively to have 
been making this point to his colleagues in the past year, and 
cogently. To say the least, it is a sign of weakness that the board, 
for all its distinction, when faced with the question raised by the 
Science and Engineering Research Council whether the United 
Kingdom should ¢ tribute towards the CERN high- 
energy physics. iot decide off its own bat but 
had instead to r committee, prolonging uncer- 
tainty by at lea er difficulty that has arisen is that 
the research cout ief executives remain members of 
the board, must tu sinto supplicants of their lay (and 
less expertly inform ues when they bid for their shares 
of the cake (mostre ‘meeting on 7 June). It is galling to 
those concerned that vice eventually given to the Secretary 
of State for Educatio nd Science should be based on only 
second-hand knowledg what the councils actually do with the 
money they are given 1 pend. The difficulty is especially acute 
when, as now, marginal changes in their budgets may determine 
the survival of particular laboratories. 





















Benefits 


Before resentment of the present arrangements gets out of hand, 
ts benefits should at least be acknowledged. For the past two 







years, the board has operated more publicly than previously, — 


publishing both its advice on how the budget should be divided 
and (earlier this year) its sour response to the denial of extra funds. 
With luck (and time), it could yet become a means by which the 
British research community’s sense of how limited resources 


should be used could be channelled more effectively into the con- 
duct of public policy on civil science. The board has also, with its 
tiny and poor secretarial resources, commissioned some useful 
studies on questions such as the relationship between research in- 


stitutes and universities, and between university research and in- >- 
dustrial sponsorship. In passing, as part of its cake-cutting, the Eri 
board has also pushed the research councils towards a greatercon- 
cern for university research than for their own institutions. And. ni 
while there is no prospect that, on present form, it will become 
collectively so knowledgeable about the pattern of British civil 


science as to refute the research councils’ charge that it is inexpert, 
the need for such an all-knowing institution is itself questionable. 
These frustrations would no doubt have been borne more easily 


in other, happier, times. If the British science budget were still z 
growing every year, the great and the good would be able to sup- 
plement their advice to the Department of Education and Science 


with a few urbane comments on the opportunities lying ahead. 
Bad tempers have made their appearance only because those who 
spend the science budget, chiefly the research councils, are unable 
to satisfy the demands now being made on them by researchers 
seeking support for projects that are eminently worthwhile. It 
does not help that this year, the board has been compelled to 


repeat the demand, refused last year, for extra funds, with only o 2 
comumnittee-style eloquence to help. But these are precisely the cir- oe 
cumstances — likely to persist for many years — whenanef fective 3 


commentary on public policy for science is needed. The strains. 
that have become apparent are indeed a proof that the system x 
needs to be changed. Here are three directions for reform. 


Reform 


First, most modestly, the present arrangements could be made to. 

function more effectively. To that end, the board should be given — 
an adequate secretariat, one composed of people (not necessarily = 
civil servants) who understand the problems it needs to tackle. 
While the essence of the board’s task may be to cut the annual 
cake of public spending on science, it could then hope to do this 
more intelligently by finding out what happens to the funds that Eo 
eventually find their way into the hands of the research councils, 
Many obvious questions are unanswered. How many universities 


have set up research committees, as the. board asked them two 
years ago, toplota strategy for their institutions’ research? (Some 
say that the answer is just one.) Are public research institutes 
collaborating more effectively with universities now that they- 
have been bidden to do just that a dozen times? (Some are, some 


are not.) What is the effect on the pattern of academic researchin i 
Britain of the stream of exhortation by the British Government in =- 
favour of this, and then that, brave new opportunity? (Mostly © _ 


baleful.) And is it true that, for reasons that are as much 
psychological as financial, the British research enterprise has lost 
its capacity to compete with others? (Probably yes.) What are the 
prospects -— and problems — of strengthening inter-European 
collaboration in ways that would economize in effort, not waste 
it? (Many, but unexplored.) Without means of dealing 
intelligently with these and related questions, the board continues 
to lose conviction — and friends. 

Second, and more imaginatively, the board could be given 
wider terms of reference. In the curious British way, its sphere of 
interest is confined to scientific research supported by the 











Department of Education and Science. Other parts of the public 
research enterprise are within the purview of a different 
committee (the Advisory Council for Applied Research and 
Development), which lately has not surfaced in public view. There 
is no committee to ask questions about the relationship between 
civil and military research. It would still need a better secretariat. 
It could deliver the annual gobbet of advice to the Department of 
Education and Science more convincingly if it knew more directly 
what research is being sponsored by other departments. And it 
could avoid the present frustration by considering how the 
coordination between the disjoint halves of British public science 
could lead to greater effectiveness. In the real world, this is the 
most to hope for but the least for which to clamour. 

Third, outrageously, is the remedy suggested in 1982 by the 
House of Lords: whatever apparatus there may be for giving 
specialized advice, let there be a minister specialized at receiving 
it. As things are, the British Government has built itself into a 
box. Lacking specialists within the civil service (as in West 
Germany) or an intimate relationship with the government’s own 
specialist agencies (as in France), departments turn to advisory 
committees for advice which may be taken seriously when it is 
palatable and otherwise ignored. The downfall of the Advisory 
Board for the Research Councils can be traced to the occasion last 
year when it asked for more and was denied. Even if the Prime 
Minister rather than the Secretary of State was the one who finally 
said no, the doctrine of collective responsibility lumps the board 
in with all other dissident disappointed claimants on public funds 
— local authorities, schoolteachers and the unemployed. There is 
nobody to put the case, within the government, that the once and 
for all decline in the quality of the British research enterprise 
which is now on the cards-will cast an even longer shadow. Within 
the political system to which the British are attached, but which 
allows ministers to carry only one torch at a time, only the desig- 
nation of a single-minded political standard-bearer can enable the 
arguments for rescuing British science to be heard. a 


Claims to antiquity 
Publishers like to claim either antiquity or 


modernity. Cambridge can boast of both. 
CAMBRIDGE University Press last week celebrated what it calls its 
400th birthday with a “Garden Luncheon Party and Great 
Exhibition’’, offering its guests the presence of Prince Philip, the 
chancellor of the university, some sunshine, a band and a menu 
from which strawberries, usually mandatory on these occasions, 
were absent. Cambridge boasts that it is the oldest press in the 
world with an unbroken history. Only 80 years after Gutenberg, 
Henry VIII issued Letters Patent in 1534 granting the university 
“lawful and incontestable power to print there all manner of 
books”. Although the first book did not appear until 1584 — even 
then, too long an interval to be explained as normal publication 
delay — it was a single but crucial year ahead of Oxford University 
Press and three years before the Vatican Press. Confusing for 
students of priority disputes was a 500-year celebration held by 
the University of Oxford in 1978. That occasion, Cambridge says, 
marked the quincentenary of the first book to be printed in the 
city of Oxford, not by Oxford University Press itself. 

In science publishing, Cambridge University Press has been 
strong in mathematics and physics. In 1713, a revision of 
Newton’s Principia Mathematica appeared under its imprint. Its 
other authors included James Clerk Maxwell, Rutherford, Jeans, 
Schrödinger, Einstein and, more recently, Hawking and 





Chandrasekhar. Undoubtedly the best known of the | 


contemporary works is Joseph Needham’s mammoth Science and 
Civilisation in China, Volume 6, Part 2 of which was published in 
April. Legally the press is unique, formally a department of the 
university with the status of a charity. It thus pays no tax. The 
press is governed by the 18 members of the syndicate, appointed 


_ by the university, which must approve all publishing proposals. | 
 Mercifully, this apparently anachronistic constitution seems not. | 
.. tobeinhibiting. a: 


OPINION- 
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Unwelcome precision 
Last week’s US missile test could destro 
the ABM treaty. 


STAR wars are becoming uncomfortably realistic. That is one 
reading of the successful test last week of the US ground-based 
missile system, based on the Minuteman antiballistic missile, in 
which a dummy missile warhead was successfully intercepted 
within hours of acrucial decision by the US Senate about continu- 
ing support for these and related projects (see p.660). But last 
week’s test was no part of the comprehensive defence against 
other people’s ballistic missiles that President Reagan has been 
canvassing this past year. Instead, it is part of what some may call 
the conventional Anti-Ballistic Missile(ABM) programme which, 
in the United States and the Soviet Union, has its origins in the 
early 1960s. The fact that the test (the fourth) succeeded is never- 
theless a sign that the treaties which are the fragile reminders of 
the time, not so long ago, when the superpowers felt able to sign 
agreements with each other may be coming to the ends of their 
useful lives. 

In 1972, when the ABM treaty was signed between the Soviet 
Union and the United States, the openly acknowledged incentive. 





was the fear that, without such a treaty, the deterrent value of% 


strategic forces would be eroded. If one power believed that it 
could destroy the other’s missiles, it would be less fearful of mak- 
ing a first strike with its own. That the two powers should thus 
openly acknowledge the identity of each other’s calculations of 
the psychology of nuclear war was in itself a triumph. The treaty 
offered a little more — the promise of a respite from ruinously ex- 
pensive development. But now those benefits appear to be 
receding. Both sides seem certain to be spurred by last week’s test 
to further development. Technically, there is no reason why the 
new US system should not be stretched so as to become a second 
antisatellite (ASAT) weapon, capable of destroying satellites in 
low orbits, and thus a partner for the US Air Force system called 
MHYV, launched from F-15 aircraft and already tested. (The tradi- 
tional rivalry between the US Army and the Air Force will, left to 
itself, ensure rapid progress.) But technically, again, the 
arguments of the early 1970s remain valid that no rocket-borne 
system of this kind can be a certain defence against ballistic 
missiles with several warheads. 

The first casualty will be the ABM treaty. The signatories ac- 
cepted limitations on the testing of these weapons, although | 
research was to be allowed. The signs now, however, are that 
unrestrained testing will create the impression, on one side or the 
other, that the treaty is a dead letter. Then, that is what it will 
become. And in such a setting, the prospects of an agreement on 
more elaborate systems to be deployed for longer periods above 
the atmosphere of the Earth will be even smaller than at present. 
The United States, after all, has not yet launched as many anti- 
satellite weapons as has the Soviet Union, which began to test its 
system as long ago as 1968. President Reagan will be able to certify 
to Congress whenever he likes that he has complied with the 
Senate’s qualification of its grant of star-wars funds by saying 
that no agreement with the Soviet Union would be ‘‘consistent 
with the national security interests’’ until the United States has 





| done at least as well. But by then, the Soviet Union will have pro- 


vided further goals at which to aim. 

The depressing reality of all this is that it will be at the least a 
waste of resources on both sides, and will be dangerous as well. 
While the star-wars idea is said (by some of those privy to what is 
planned) to be a technically interesting bag of innovations, 
nobody has been able to convince the sceptics that a star-we 
defensive system could destroy a high proportion of the other% 
side’s missiles. And for as long as that remains the case, the course ; 
on which the Senate has allowed the US Administration to em- 
bark, and on which the Soviet Union is already engaged, cannot 
counter the objections raised against ABM defence in 1972: if 


there is a nuclear balance, it is bound to be upset. The irony, of | 
course, is that the two governments were prepared to accept the 
logic in 1972. They should now follow suit for star wars. z 
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Australian uranium 


Canberra 

THE Australian Labor Government has 
been given an influential blessing for a 
change of policy on uranium exports. On 
31 May, the Prime Minister, Mr R.J. (Bob) 
Hawke, presented to the federal parlia- 


ment the report of a committee which | 


argues that the mining and milling of 


uranium should continue and that the | 
government should have authority to 
| develop nuclear weapons can in present | 


approve new mines and supply contracts. 
If eventually adopted, the policy now 
recommended will represent a substantial 


change in the policy which the Labor | 


. Government has followed since its 
election. During the past year, the federal 
government has allowed existing opera- 
tions and contracts to continue but has set 
its face against new enterprises. The new 
report argues not merely that the supply of 
uranium overseas should be increased but 
that Australia should participate in the 
enrichment of uranium, the reprocessing 
of nuclear fuel and, possibly, other steps in 
the nuclear fuel cycle. 

These recommendations will strengthen 
Mr Hawke’s hand in influencing uncom- 
mitted delegates to the Australian Labor 
Party (ALP) national conference next 
month, when strong opposition from the 


left is expected to the government’s policy — 


of allowing existing mining to continue, 
even under stringent supply conditions. 
The 300-page report, Australia’s role in 
_ the nuclear fuel-cycle, was prepared at Mr 
-o ™ Hawke’s request by the Australian Science 
- and Technology Council (ASTEC), under 
the supervision of its chairman, Professor 
Ralph Slatyer, former Australian 


Ambassador to the United Nations | 


Education, Scientific. and Cultural 
Organization, when in’ mber last year 
the government srant ission for the 

m mine at 
Australia, 









; mendi that 
Australia, although not tself likely to use 
nuclear power, should accept that for 
many countries nuclear energy has become 
a fact of life. And since Australia owns 30 
per cent of the uranium re 
West, its contribution to nuclear non-pro- 
liferation should be enhanced by partici- 
pation in the nuclear fuel cycle. 

As a reliable long-term supplier of 


















.yranium, Australia would be in a position | 


-< to influence the behaviour of other states, 

-the report argues. Thus, by helping to 
ensure international energy security, 
Australia might reduce the motivation of 
other countries to engage in other steps of 


the fuel cycle, particularly reprocessing 


and fast-breeder development. 








esources of the | 


NEWS 


Chance of policy change 
on nuclear fuel 


The compilers of the report are 
unconvinced that supplying uranium to 
nuclear weapons states frees other uranium 
for use in weapons (vertical proliferation). 


| Denial of supply to such states, the report . 


says, would be an empty gesture, scarcely 
affecting weapons programmes, since 
stockpiles are already adequate. Similarly, 


denial would not deter horizontal pro- | 


liferation, since the political decision to 


circumstances be implemented by any 


| country with sufficient determination and 
a reasonable scientific infrastructure. The 


absence of a civil nuclear industry would 
not prevent the manufacturer of nuclear 
weapons. In any case, the report adds, such 
a country is unlikely on efficiency grounds 
to rely on civil power reactors for the 
manufacture of plutonium. 

Other recommendations include con- 
tinued support for a nuclear weapons-free 
zone in the South Pacific and for an Indian 
Ocean zone of peace. Australia should seek 
to join the board of governors of the Inter- 
national Atomic Energy Agency and spell 
out the feasibility of regional treaties with 


US-China nuclear treaty 


Congress makes difficulties 


THE United States—China nuclear 
exchange agreement which President 
Reagan announced triumphantly in Beijing 
last April is almost certain to be postponed 
and may fall through altogether. The text 
of the agreement initialled in Beijing has 
not yet been submitted for congressional 
approval, and the administration is now 
conceding privately that the assurances on 
non-proliferation may not be explicit 
enough to satisfy Congress. 

A State Department spokesman said last 
week that the text had been studied by the 
relevant federal departments, including the 
Nuclear Regulatory Commission, and 
found to comply with US law on the trans- 
fer of nuclear technology. But he also 
revealed for the first time that the 
administration had sought renewed talks 


with the Chinese Government ‘‘to ensure a | 


full mutual understanding’’. 

What appears to have happened is that 
the administration was so eager to close the 
deal while President Reagan was still in 


Beijing that it fudged the two issues that | 


had already dragged out the negotiations 
for more than two years. One is the status 
of China’s promise not to help other 
nations to acquire nuclear weapons; the 
other is a requirement that China must seek 
US approval before using nuclear fuel from 
American-supplied reactors in nuclear 





warheads or for warship propulsion. 





South and East Asian countries along the 


lines of the Treaty of Tlatlelco. The regime. 
should be strengthened by international- 
izing the steps in the fuel cycle, but sensitive _ 
facilities, particularly enrichment and re- - Ys 
processing plants, should be located in as = 
few countries in the region as possible, 


Australia and Japan for example. There 
should be support for the moratorium on 
ocean dumping of low-level waste, and 
continued research on the Australian- 
designed ceramic Synroc; the most pro- 
mising high-level waste form, but Australia 
should not be obliged to dispose of high- 
level wastes from Australian uranium. 
For the government and Mr: Hawke, 
everything now hangs on the outcome of 
the Australian Labor Party’s national con- 
ference, which seems unlikely to endorse a 


uranium policy going beyond that now 
defined by the government party caucusat 
Canberra and which is opposed to further ae 
uranium mines after Roxby. A further 
difficulty for the government stems from. = 


the ban on uranium sales to France, 
intended as a protest against French 


nuclear tests in the Pacific, the latest of | eth 


which took place on 17 June. Unless. the 


tests end, the Labor Party is unlikely to 
relax its traditional view that Australian 
uranium should not be used for other peo- =. 
ple’s bombs. This, the government fears, 
may leadtotradereprisalsandeventoalaw =< 


suit at the International Court of Justice. 
Jeffrey Sellar 









Persistent allegations in Congress tha 
China has assisted Pakistan in a. nuclear 
weapons programme have been a major 
reason for Congress’s lukewarm attitude 
Last week, however, the Washington Pos 
published a startling news story maintain. 
ing that the US delegation in Beijing had 
decided to accept verbal assurances on 


non-proliferation from Premier Zhao __ 
Ziyang instead of insisting on explicit ne 
written assurances in the text of the agree- 
ment. There had previously been reports: oe 
that the thorny problemof China havingto 
ask for US permission to use reprocessed 
fuel from US-supplied reactors had been 


overcome by ‘‘clever drafting’’. 

Just why the administration has had- 
second thoughts about the adequacy of the- 
safeguards it claimed to have negotiated 
successfully last April is a mystery. 
Officially-inspired leaks suggest that new. 


intelligence information has confirmed =- 
China’s role in Pakistan’s nuclear weapons 


programme. 
It is just as likely that the Nuclear 
Regulatory Commission and other 
agencies with close experience of 
Congress’s views on nuclear proliferation 
have concluded that the agreement is too 

vague to be approved in its present form. 
Peter David 
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Electron accelerators 


-NEWS 


Southern US project delayed 


Washington 

THE group of US universities unexpectedly 
selected last year to build a major new 
electron accelerator has begun hesitantly. 
After a year, the project still has no director 
and, in the absence of a definite estimate of 
construction costs, Congress is balking at 
appropriating the full amount requested by 
the Department of Energy (DoE) for the 
project, now known as the Continuous 
Electron Beam Accelerator Facility. 

The Southeastern Universities Research 
Association (SURA), a consortium led by 
the University of Virginia, was chosen last 
year by the Nuclear Science Advisory 
Committee (NSAC) to build the new 
machine at a site in Newport News, 
Virginia. 

The decision set off a long political battle 
when Argonne National Laboratory, 
which had hoped to win the committee’s 
recommendation, took its case directly to 
Congress and the Secretary of Energy. 
Traditionally, the physics research 
community has accepted as final the 
decisions of NSAC, which is made up of 
nuclear physicists and is formally an 
advisory body to DoE. 

The fight between Argonne and SURA 
may have played a part in the slow start of 
the project. James McCarthy, a professor 
of physics at Virginia who is acting director 
of the accelerator, said that last year’s fight 
gave the project a ‘political visibility” 
which provided greater congressional 
scrutiny, even after the Secretary of Energy 
had settled the matter last summer in 
SURA’s favour. 

The House of Representatives approved 
the administration request of $5 million for 
research and development and $2 million 
for construction in fiscal year 1985, but the 
Senate, complaining about not having a 
detailed cost estimate or a clear justifica- 
tion for the project, cut the figures to £2.5 
million and zero respectively. At the 
bidding of Senator Bennett Johnston, the 
senior Democrat on the Senate Energy 
Committee, the Senate also asked DoE to 
provide a five-year plan for nuclear physics 
that would include the options of going 
ahead with the SURA accelerator or 
dropping it. 

Although SURA would still be allowed 
to go ahead with the detailed architectural 
and engineering design work it had called 
‘‘construction’’ in its budget request, the 
Senate’s elimination of construction funds 
serves notice that the future of the project is 
by no means certain. It is generally difficult 
to kill a project once it has been ac- 
corded a line-item construction authori- 
zation. 

SURA originally proposed a budget of 
- $20 million for next year, but backed off in 
the face of congressional complaints that 


the ultimate cost is uncertain. SURA’s 


i original. popoa was that the total cost 


would be about $100 million, but NSAC, 


- considering that unrealistic, increased it to 


$150 million. In testimony to Congress this 
spring, McCarthy mentioned a figure of 
$225 million. Although most of the 
increase can be explained by inflation, 
there appeared to be some new items (such 
as increased office space). 

Some of the Senate’s caution may stem 


also from worries about whether the 
| United States can afford such projects if it 


is to go ahead with the massive proposed 
Superconducting Super-Collider, which 
may cost $3,000 million. 

D. Allan Bromley of Yale University, 
who chaired the NSAC panel that recom- 


mended SURA, said that the physics com- | 


munity still considers the project to be a 
first priority. He said that although there is 
widespread disappointment that more pro- 
gress had not been made, much of the 
trouble is a result of a ‘‘Catch-22”’ 
dilemma: SURA cannot attract a director 
without assured construction funds, 
and cannot get assured construction funds 


until it has a director and a definite 


design. 

According to McCarthy, an offer has 
been made to a ‘‘leading accelerator 
physicist’, who will decide by 1 July 
whether to accept the directorship. That 
date is also when SURA will receive $1 
million appropriated by the Virginia 
legislature and an additional $1 million that 
Congress has just allocated to DoE to 
“reprogram” the project. The funds will 
allow SURA to begin filling 9 senior and 15 
junior positions on the scientific staff. 

Stephen Budiansky 
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Computer theft boom 


| Washington 


A SURVEY of US companies and gove 
ment agencies has provided the TH 
systematic evidence of how widesprea 7 
computer crime has become, Of the 283 






| organizations that responded, 72 reported 


“known and verifiable” losses as a result 
of computer crime in the past 12 months. 
The average loss was in the range of $2-10 
million, but one organization reported 
losing more than $100 million. 

The survey, conducted by the American 
Bar Association, defined ‘‘computer 
crime” quite broadly to include embezzle- 
ment, theft of software and even the un- 
authorized use of computers for personal 
programming. The last was found to be the 
most common ‘“‘crime’’, reported by 62 
respondents; next in line was the theft of 
software, reported by 45, and use of com- 
puters for theft of assets (44). ee 

While it is impossible to extrapolate thek 
survey’s results, the bar association states 
that ‘‘given the small number of organi- 
zations reporting these large losses . . . the 
total loss figure nationwide would appear 
to be enormous.” The survey was sent to 
1,000 organizations Two-thirds of the 
identified perpetrators were employees of 
the organization, most often computer 
programmers. 

The bar association called for the enact- 
ment of federal legislation against 
computer crime to aid in the reporting and 
prosecution of such incidents. Existing 
statutes that may be applicable, such as 
wire fraud, trespassing and embezziement, 
carry penalties that the association said are 
often ‘‘far from commensurate” with the 
seriousness of computer crimes. 

Stephen Budiansky 











Academic ethics 


Perils of scholarly plagiarism 


Palo Alto 

A distinguished Stanford University pro- 
fessor resigned as chairman of the depart- 
ment of medicine last week after a universi- 
ty ethics committee found him guilty of 
‘‘srossly negligent scholarship”. Dr Ken- 
neth Melmon, who keeps his faculty posi- 
tion, was censured for plagiarizing roughly 


| a quarter of a chapter in an endocrinology 
textbook. The committee said that no 


fraud had been committed and that Dr 
Melmon had had no conscious intent to 
deceive, 

Trouble arose when the publisher of 
another medical text, The Phar- 
macological Basis for Therapeutics, found 
that large portions of that had appeared in 
Dr Melmon’s chapter contributed to the 
endocrinology book (see Nature 5 April, 
p.489). At the time, Dr Melmon said his 
friend and editor of the endocrinology 
book, Dr Robert Williams, had urged him 


to use portions from the pharmacology 


book, promising that permission and at- 


tributions would be secured. Dr Williams 
died, however, while the endocrinology 
book was being edited and his personal 
papers were later destroyed. 

The Stanford ethics committee now says 
that it accepts Dr Melmon’s explanation 
but has nevertheless censured him for his 
“recklessness” and ‘‘carelessness in deal- 
ing with the intellectual properties of 
others”. He violated ‘‘the fundamental 
norms of the academic profession’’. 

Dr Melmon was responsible for ensuring 
that proper attribution was incorporated 
into the chapter, the committee says; he 
should have checked that it was done 
properly. F 

Dr Melmon said he was resigning hi 
chairmanship because ‘‘the mistake was a 
serious one’’. A clinical pharmacologist, 
he holds the Bloomfield endowed chair in 
Stanford’s department of medicine and isa 
member of the Institute of Medicine of the 
National Academy of Sciences. — 

Sandra Blakeslee - 
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i ~ Japan’s unemployed PhDs 


| Unused researchers to arms 





g JAPAN’ s ever-increasing numbers of unem- 
ployed postdoctoral researchers are 
banding together to find ways of making 
life a little easier. But there is little they can 
do to increase their chances of actually 
finding an academic job. 

The number of ‘‘overdoctors’’, or 
“ODs” as unemployed postdoctoral 
researchers are known in Japan, is now at 
an all-time high. (Overdoctor is an apt 
English word which the Japanese have 
invented for themselves.) There are at least 
5,000 waiting for jobs in university depart- 
ments, many of whom have now been 
waiting for more than ten years. 


Japanese universities, unlike many of 


their Western counterparts, officially 
allow students who have completed their 


_ doctorates to stay on in their laboratories 





(upon payment of a monthly fee of around 
£40) to continue unpaid research while 
looking for a job. In some cases, such as the 
physics department of Kyoto University 
where there are now over a hundred, they 
outnumber the full-time teaching staff. 


Physicists, particularly theoretical | 





NEWS 


physicists, have been hardest hit, with 
more than a thousand ODs nationwide, 
followed by humanities, social science and 
agriculture. 

To ease their plight, Dr Teruhisa 
Komatsu, an oceanographer from Kyoto 
University, has set up an OD Society and 
has found himself 200 members in just a 
few weeks. The society’s chief aim is to 
keep ODs going, both financially and 


| psychologically, while they are looking for 


arubaito (part-time work, this word stolen 
from the German arbeit) — usually teach- 
ing in a cramming school, translating tech- 
nical reports from European languages or 
helping with the sophisticated analysis of 
university entrance requirements needed to 
help high-school students to pick a suitable 
university. The society plans to help find 
the best jobs for its members and also to 
remove the ODs’ sense of isolation by 
arranging conferences for the presentation 
of their work. 

Life as an OD is by no means easy. 
Although most ODs are in their late 
twenties, surveys show that only a little 
over half are married (compared with nine- 


Academic demography awry 


THE OD problem results from the massive 
expansion of the universities in the late 
1960s, which created many new doctoral 
schools. With the oil shock, the expansion 
of the universities has been halted, but 
there are fewer job opportunities for 
researchers from the new schools. 

So why cannot the Ministry of 
_ Education, Science and Culture (WESC) 


: ® reduce the flow of graduate students, or at 
~~ least redirect them into areas, such as com- 





puter programming, where highly-trained 
people are needed? Unfortunately, the 
Japanese system is far from flexible. Once 
permission has been gained for the estab- 
lishment of a doctoral school, there is little 
further MESC can do to control it. As no 
grants are given directly to students (and 
loans are easy to obtain), it is hard to 


redirect students quickly into new subject | 


areas. And professors, enjoying 
considerable power under the ‘‘chair’’ 
system, will fight tooth and nail to prevent 
government meddling in their affairs. 
Thus arises a common view within 
MESC that professors worried about the 
OD problem should voluntarily reduce 
‘their student intake and coordinate 
activities with others in their field to take 
account of future forecasts. Some pro- 


<a% fessors have indeed done exactly this. But 






©} because teaching loads are high, it is vir- 
tually impossible for any ambitious pro- 
fessor to carry out a research programme 
without graduate students to help. 

The contraction in the universities that 
has provoked the OD problem has also 


caused another, potentially more 
damaging, academic problem, one which 
MESC seems again to be ignoring. The 
slowdown in the recruitment of new 
researchers has seriously distorted the age 
structure in the university research 
community. Simulations conducted by 
Kenichi and Kaoru Aoki of the Kyoto 
University Research Institute for Funda- 
mental Physics show that, by 1991, the 
median age of university staff will peak 
very sharply at 48. By 2001, the distribution 
will be bimodal with the larger peak at 
age 58. 

European countries, particularly West 
Germany, are no strangers to this problem. 
The difference is that in Europe studies are 
being made by official bodies rather than 
being left to private individuals and steps 
are being taken — such as the United 
Kingdom’s ‘“‘new blood” scheme — to 
ensure that there are enough young 
workers at universities. 

Drs Aoki hold that Japan just does not 
take a long-term view of scientific research 
planning — day-to-day economics are the 


prime determinant. 


Postdoctoral fellowships, at present 
non-existent in Japan, could bridge the 
immediate shortage of young university 
workers until retirements begin to ease the 
situation. The Aokis claim that with such 
fellowships, an average expansion of 1,800 
university posts a year, well below the 1960s 
peaks when 5,000 new jobs a year were being 
created, would give the universities a very 
healthy age structure. Alun Anderson 
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tenths of the general population of the == 
same age). Average incomes are exception- 
ally low, only a little over £3,000 a year = 
before tax. oe 
A particularly cruel irony faces those 
who never find academic jobs. During their a 
postgraduate study (two years fora 
master’s course followed by three years of 
doctoral research), students must pay their 
own fees of around £400 a month as wellas 
their own living expenses. There are no 
cosy European-style grants to cover the 
cost of education. As a result, almost all 
students take loans from semi-govern- 


"Strange. Suggestion of the] i i. 


|} ODs, having the Institute a0 = 
| of Advanced Studies here] 





mental bodies. While the loans need not be E 
repaid by those who find a university jobo 
the unemployed are left with a huge bill for- 





! their education. 


Neither the Ministry of Education, ~ 
Culture and Science (MESC) nor university 
staff are taking steps to ease the OD 
problem, mainly because everyone laysthe >> 
blame at someone else’s door. One = 
ministry official sums it up by saying that 
‘‘they (the ODs} should seek work in prac- 
tical, non-academic fields, instead of -> 
keeping their sights on a life in the ivory ot ES 
towers’’. o 

Certainly it is a common view that ODs 
bring about their own problems by 
‘‘refusing’”’ to work in industry, insisting 
instead on waiting for the impossible. 
There is some truth in this charge. Among 
physicists, for example, there are. many 
who have had experience of computer pr 
gramming and are in demand by industr 
But it is nonsense to suggest that most ODs — 
can easily find work of any other kind than : 
the part-time work they already do. rta 

Industry in Japan has a. strong pte: ee 
ference for graduates fresh from 
university, who can be trained ina | 
company’s own ethos. Even school teach- o7 
ing is hard to enter, with an upper age-limit. 
for new entrants of around 28-32. Par- = 
ticularly hard-hit are the many ODs with 
training in agriculture, for there is no - 
related practical field into which they can 
go. Small wonder, then, that the twomost > 
favoured routes out of the OD trap area. 
fellowship to a US or European university 
— and journalism. 

The only long-term Japanese solution 
must be an expansion of the universities, 
but this is a political question. And the 
government intends to squeeze all the 
ministries again next year (with the 
exception of defence). Hopes of university 
expansion must for the time being remain =. 
in therealmsof fantasy. Alun Anderson 
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Weapons in space 


‘NEWS 


ABM test persuades US Senate 


Washington 

LAST week’s interception of one Minute- 
man missile by another at an altitude of 
more than 100 miles was a feat of exquisite 
political timing. The successful test was an- 
nounced by the Department of Defense at 
the beginning of a week in which the 
Reagan Administration’s plans for testing 
a new antisatellite (ASAT) weapon and 
stepping up research on the proposed “‘star 
wars’? nuclear defence system faced major 
congressional hurdles. In the event, the 
Republican-controlled Senate agreed to 
give the ASAT test an amber light. And 
Congress now seems certain to give the ad- 
ministration much if not all of the $2,000 
million it wants in 1985 for research on 
ballistic missile defence. 

Of the two space weapon initiatives, the 
more pressing from the administration’s 
point of view is the ASAT test. The Air 
Force has already developed a sophisti- 
cated aircraft-borne satellite interceptor 
(see Nature 308, 576; 1984), but the House 
of Representatives voted last month to 
block tests against targets in space for a 
year or for as long as the Soviet Union con- 
tinued a moratorium on tests of its own 
weapons. In both houses, there is strong 
feeling that talks on an ASAT ban should 
be resumed, despite the administration’s 
insistence that no such ban could be ade- 
quately verified. And in a piece of deft tim- 
ing of his own, Soviet President Konstantin 
Chernenko again urged the United States 
to negotiate an ASAT ban before it was 
“too late”. 

To discourage the Senate from following 
the example of the House, President 
Reagan’s Senate allies arranged a closed 
session in which senators received intelli- 
gence briefings on the state of Soviet ASAT 
technology. They are said to-have been told 
that, in addition to its well-publicized 
ASAT interceptor, the Soviet Union now 
has the means to cripple US satellites with a 
laser beam from an Earth station or by 
jamming their radio communications. 

A day later, the Senate voted by 61 votes 
to 28 to allow the ASAT tests to proceed 
provided only that the President shows that 
he is trying to negotiate ‘‘the strictest possi- 
ble limitations on antisatellite weapons 


consistent with national security interests | 


of the United States’’. 

The effect of the Senate resolution, 
which will have to be reconciled with the 
position of the House in a conference com- 
mittee, is to require some action by the ad- 
ministration that demonstrates a wish to 
prevent an arms race in space. But it is clear 
from the mood of the debate that a sym- 
bolic gesture will suffice. As long as Mr 
Reagan certifies that the ASAT tests are 
vital to national security, and will not 


represent an ‘‘irreversible’’ block to| 
negotiation, he will be allowed to test the | 


new weapon. 


Whether the President will take up the 
option in a hurry is another matter. The ad- 
ministration is becoming uncomfortably 
aware of growing public concern about the 
prospect of an arms race in space. So is the 
Democratic Party; its national chairman, 
Mr Charles Manatt, said last week that the 
presidential election in November will give 
voters a chance to ponder the ‘‘frightening 
choices” entailed in the administration’s 


plans for the militarization of space. Presi- | 
dent Reagan is under pressure from his own — 


party to show some flexibility on arms con- 
trol before the election; by the end of last 
week the administration was already hint- 


ing that it might be willing to discuss some | 


limitations on ASAT development. 

The short-term ASAT question has not 
entirely distracted attention from “‘star 
wars’’, While Congress appears still to be 
willing to underwrite the preliminary 
research called for in the 1985 budget, 


organized opposition to the concept is | 


gathering pace. A ‘‘national campaign to 
save the antiballistic missile (ABM) treaty” 
was launched this week by a committee of 
senior politicians and scientists, including 
former President Jimmy Carter and former 
defence secretary, Robert McNamara. In 
an opening statement, the committee 
claimed that the expanded star wars testing 
programme requested by the administra- 
tion will “soon collide” with the restric- 
tions imposed by the ABM Treaty. 

Meanwhile, in a bizarre coda to the 
political debate, the technical debate over 
the feasibility of the star wars programme is 
becoming increasingly unfriendly. Deputy 
Defense Secretary Howard Taft has taken 
the extraordinary step of asking the Office 
of Technology Assessment to withdraw a 
technical memorandum on the subject 
written by Dr Ashton Carter of the Massa- 
chusetts Institute of Technology (see 
Nature 309, 485; 1984). Mr Taft claims that 
the memorandum, which said the prospect 
of a near-perfect defence against nuclear 
attack was ‘“‘remote’’, had subsequently 
been criticized on technical grounds by four 
independent review groups. 


The Pentagon clearly expects last week’s 
Minuteman interception to cut some 


ground from under the feet of those who 
doubt whether a defence against ballistic 
missiles is feasible. However, most critics 
of the star wars concept have already 
acknowledged that the interception. of 
nuclear warheads in midcourse is feasible. 


Their objection is that a nuclear attack | 


would involve so many missiles and decoys 
that such defences would be overwhelmed. 
The Office of Technology Assessment 
study therefore focused on the prospects 
for destroying missiles in their boost phase, 


before they could spawn their mutiple war- | 


heads. It concluded that most of the novel 
technologies required could be countered 
with relative ease. Peter David 
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| US Naval Susser etary 
‘Research at risk | 


Washington 
THE US Naval Observatory, one of the 
oldest government scientific institutions in 
the United States, is in trouble, according 
to the National Academy of Sciences. 





| Short of funds and overburdened by its 


role as a support agency, the observatory’s 
basic research capability is in jeopardy, 
according to a new study. Some divisions 
of the observatory are ‘‘one man deep’, 
according to Lee Hunt of the National 
Academy staff, and are ‘‘struggling to pro- 
vide the bare minimum of services”. 
Scientists often have to act as administra- 
tors and technicians as well, all of which 
leaves little time for basic research. 

The primary mission of the observatory 
is what it always has been: providing data 
to aid navigation. Much of its work at. 


present, for example, involves calibrating 
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atomic time standards and carrying out the 
observations needed to adjust the Inter- 
national Atomic Time scale for astronomi- 
cal and navigational use. 

But the observatory has also established 
a solid scientific reputation. The study 
notes the observatory’s longstanding work 
on visual double stars, now in jeopardy fo 
lack of manpower, and its determinations ' 
of parallaxes of faint stars — data that 
“effectively define our knowledge about 
luminosities, colours and tangential velo- 
cities of faint stars in the neighbourhood of 
the Sun”. “Too much of the astronomers’ 
time must go toward technical support 
activities’, the study says, but Hunt put 


| the point more directly: ‘‘You find 


directors sweeping floors.” 

The shortage of manpower is apparent in 
the study’s recommendation on the 
double-star programme. If ‘‘one other 
person were able to take over clerical 
jobs”, the study says, ‘‘the staff would be 
able to do much needed work on new 
technology.” Hunt said that the study 
panel felt that continued excellence in basic 
research was vital to attract qualified 
scientists and to keep them in the 
mainstream of science. z 

The observatory has suffered not sœ% 
much from budget cuts as from benign 
neglect. But the consequences are just as 
serious, the academy panel said. “No 
action at this time is a decision to erode the 
quality of staff and the services of data and 
information it provides.” 

Stephen Budiansky — 
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UK medical research 


NEWS 


More MRC units threatened 





-OTHE parlous financial position of Britain’s 
"| Medical Research Council (MRC) is oblig- 
ing the council to reconsider the future of 
any research to which it is not ‘‘irrevocably 
committed’’, The futures of three research 
units supported by the council are now 
described as ‘‘under review’’ following 
critical reports by visiting parties that, in 
some cases at least, recommended the 
council to consider closure. 

The council said that a decision had been 


taken ‘‘in principle” to close its unit of | 


neurochemical pharmacology at Cam- 


bridge (see Nature 7 June, p.486). But, asif | 


to advertise that British medical research is 
not completely moribund, the council has 
also announced a new research unit to 
undertake laboratory studies of tuber- 
culosis. 

Surprisingly, the location of the new unit 


has not yet been finally decided, although 


the probable choice will be the Royal Post- 
graduate Medical School at Hammer- 
smith, London. The new unit will replace 
two existing units in London, one at 
Hammersmith and one at the Brompton 
Hospital, Fulham, which are to be closed 
when their directors retire shortly. 

The formation of the new unit signals a 
shift away from the study of the effects of 
tuberculosis on communities and of 
chemotherapy towards the use of new tech- 
niques, including recombinant DNA 
technology and monoclonal antibodies. 
The director is to be Dr Juraj Ivanyi, now 
head of experimental immunobiology at 


Wellcome Research Laboratories. 

The three units whose future is uncertain 
are the Biostatistics Unit at Cambridge, the 
Pneumoconiosis Unit at Llandough 
Hospital in Penarth, South Wales, and the 
Mineral Metabolism Unit based in Leeds. 
A report by a regular visiting group to the 
Pneumoconiosis Unit has recommended 
closure, and the matter is to be considered 


shortly by MRC’s Physiological Systems | 


and Disorders Board. There has been a 
cloud over the future of the unit for some 
time, but the recommendation to close it 
was still a surprise to staff, who say they 


will be able to enter pleas for continuation | 
| the United Kingdom and 12 overseas have 


when the board’s recommendations, 
together with the unit's 
formally considered by MRC. The unit has 
no director in post at present, thus 
facilitating any closure decision. 

The Mineral Metabolism Unit is also 
without a director, but its acting director, 
Dr M. Peacock, seems unwilling to accept 
that closure is one option to be considered 


by the disorders board. The unit’s work on | 


osteoporosis and adrenal stone disease is in 
line with recommendations of an inter- 
national review of calcium in metabolism, 
and Dr Peacock is confident that MRC will 
find ‘‘no scientific grounds” to close the 
unit, although there have been some recent 
staff reductions. Much the same applies to 
the Biostatistics Unit, where interviews for 
a replacement director for Dr I. Sutherland 
have been called off at short notice. 

Tim Beardsley 





~ No sale yet for UK chip-maker Inmos 


- Tue British Government is apparently still 
undecided about how it should introduce 
private capital into Inmos, the state- 
backed semiconductor manufacturer. The 
company, which started to trade profitably 
in the final quarter of 1983, has been pro- 
vided with government capital of £65 
million and loans and guarantees worth £40 
million, and the Secretary of State for 
Trade and Industry, Mr Norman Tebbit, is 
keen to reduce the strain on the public sec- 
tor borrowing requirement. 

Earlier this month, Mr Kenneth Baker, 
Minister for Information Technology, said 
in the House of Commons that the govern- 
ment had vetoed a private share placing 
organized by the company that would have 
raised £30 million, on the grounds that the 
terms were not sufficiently attractive. Mr 
Baker’s answers to supplementary ques- 
„tions made it clear that the government is 


Sr anxious that Inmos technology should con- 


„tinue to be accessible to British industry 
and that there should be a commitment to 
continued development and expansion of 
Inmos’s activities in Britain. 

More recently, Thorn EMI has made 


public its offer of £10 million for a share of 
the company, an offer which Inmos’s 


chairman Sir Malcolm Wilcox described as | 
‘very interesting”. But the matter is still | 


under consideration by the Department of 
Trade and Industry, which oversees the 
nominal holder of public shares in Inmos, 
the British Technology Group. 

The US communications group AT&T 
(American Telephone and Telegraph) is 
also now bidding again for Inmos. An ap- 


| proach by AT&T was rejected by the board 
_ of Inmos in February, but negotiations are | 


now under way directly with the govern- 
ment. AT&T has, as a nod towards the 
principle of keeping some of Inmos’s ac- 
tivity based in Britain, agreed that some of 


its research and development activity might | 
be carried out by ICL, the British computer | 
| band will normally be required and that 
| women’s medical care will not be 


company. AT&T is understood to have 
made an offer of £45 million for the whole 
company, a figure regarded as derisory by 
inmos management. 

Inmos is now making a monthly profit 
of around £1 million and has great hopes 
for the future with its revolutionary 
**transputer’’ chip. Tim Beardsley 





responses, are | 


| certain. 





Neural tube defects 
British vitamin — 
trial starts slowly 


THE controversial British clinical trials of 


vitamin supplements in the prevention of 
spina bifida and other neural tube defects 
has begun, but on a much smaller scale 
than originally intended. A progress report 
issued last week said that so far the Medical 
Research Council (MRC) has recruited 132 
women to the trial, still far short of the | 
2,000 target. 

Even so, MRC says it is reasonably con- 
fident that recruitment will accelerate as 
new centres join the study. So far, 
physicians at a total of 16 medical centres in 


agreed to take part, all with the approval of 
their local ethical committees. 
The decision to conduct control trials 


| with vitamin supplements was taken in 


December 1982, partly because of research 
by Professor R.W. Smithells at the Univer- 
sity of Leeds which seemed to show that 


| neural tube defects might be prevented by 


vitamin and particularly folic acid supple- 
ments before and immediately after con- 
ception. To separate the effects of folic -~ 
acid from those of other vitamins, MRC 
advocated clinically controlled trials with 
randomly selected patients. 

The trial has been controversial because 


the four groups of women to which volun- ~ 
teers are assigned at random includes one 


to whom only a placebo will be admin- 
istered. During the past two years there 


have been complaints that the use ofa ~ 
placebo group is unethical in the face of 
prima facie evidence that vitamin supple- = 
ments will prevent neural tube defects, and. 
that it may even be a breach of the revised 
Helsinki code of 1975 on the use of human 
subjects in research. There is also some. 
concern that the daily dose of folic acid 
being administered to one of the four > 
groups in the MRC study is, at 4 milligrams ok 


per day, ten times that used in earlier 
work. | 

Recruits to the study, who must first 
declare themselves to their personal physi- 
cians, include only women who have: 
already given birth to a child with spina 
bifida or encephaly and among whom the 
chance of a recurring defect is, at 3 per 
cent, comparatively high. MRC insists that 
the anxieties of protesters such as the 
National Childbirth Trust at the ethical 
basis of the trial are answered by its in- 
formation leaflet for participants, which 
says that the consent of the woman’s hus- 


diminished if they do not volunteer. 

So far, 18 of the 132 recruits to the study 
have become pregnant (and one has 
produced a normal child). Whether the tar- 
get number of 2,000 recruits will be found | 
within five years is at this stage by no means 
Judith Abel 
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Artificial reproduction 


NEWS 


Unrestrictive guidelines for UK 


THE Warnock Committee’s recom- 
mendations to the UK Department of 
Health on artificial reproduction began 
accurately to leak out last week. The main 
conclusions of the 18-month study, due to 
be published at the end of June, are that 
commercial surrogate motherhood 
agencies should be banned; that hospitals 
and clinics specializing in in vitro fertiliz- 
ation (IVF) and artificial insemination by 
donor (AID) should be licensed and 
required to register successful births; that 
the children born through AID pro- 
grammes should be legitimized; and that 
research on embryos should be limited to 
14 days after fertilization. 

To administer these provisions, the com- 
- mittee recommends a permanent national 
licensing body whose role would also 
include monitoring embryonic research 
and advising government on new develop- 
ments in artificial reproduction tech- 
niques. 

On the issue of AID births (already 
accounting for at least 2,000 children in 
Britain each year), it has also been recom- 
mended that no sperm donor should be 
allowed to father more than ten children 
and that his identity should remain 
undisclosed; it is not yet clear, however, 
what subsequent access a child conceived 
by the AID method would have to inform- 
ation about his or her natural father. 

The broad conclusions are not, however, 
unanimous. Two of the 16 members of the 
committee hold that surrogate mother- 
hood should not be completely banned, 
but accessible only when there is no other 
option for a childless couple. The dis- 
senters advocate that, in these circum- 
stances, arrangements should be under- 
taken by non-profit-making bodies such as 
adoption and fostering agencies; the 
British Agency for Adoption and Fostering 
is not, however, enthusiastic about the sug- 
gestion. 

On embryo research, two further 
minority reports (signed respectively by 3 
and 4 members of the committee) are ex- 
pected; one opposes on principle all 
research on human embryos, the other 
argues against the special creation of 
embryos for research purposes. 

First indications are that the committee’s 
report will be fairly well received by 
physicians and researchers, although some 
claim that the 14-day limit on work with 
embryos is too restrictive. (The Royal 
College of Obstetricians and Gynaecolo- 
gists has recommended a 17-day limit.) The 
committee also eschewed a time limit on 
how long embryos can be kept frozen 
where parents desire several children, 
although the general specification is that it 
should be long enough to allow for children 
to be well spaced. Parents should be con- 
sulted on the fate of spare embryos, the 
committee says. 


The leaking of the Warnock 
Committee’s recommendations has been 
greeted with relief both by researchers 
fearing restrictive regulations and by those 
who see a need for swift legislation, 
especially with increasing commercial 
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interest in surrogate motherhood. 

Despite the sense of urgency in the 
scientific community and, indeed, among 
the Warnock Committee members,- 
government legislation is not likely before 
October 1985. But there is likely to be 
mounting pressure on politicians to achieve 
some form of legal guidelines well before 
then, especially once the report is pub- 
lished, later this summer. Judith Abel 





British universities 


Another turn of the screw 


WHILE British universities contemplate the 
news that their recurrent grant ts likely to 
fall in value by more than 2 per cent over 
each of the next 2 years, six of them have 
been named as guinea pigs for a study of 
university efficiency being undertaken by 
the Committee of Vice-Chancellors and 
Principals (CVCP) and the University 
Grants Committee. The chosen six are the 
Universities of Edinburgh, Essex, London 
(University College), Loughborough, 
Nottingham and Sheffield. These insti- 
tutions will during the coming autumn col- 
laborate in efficiency studies with a steering 
committee under Sir Alex Jarratt. 
Although universities have been anxious 
to appear willing to cooperate in such 
efficiency exercises, their temper has not 
been improved by recent estimates cir- 
culated by CVCP which indicate that the 
recurrent grant is likely to fall in value by 
4.4 per cent between the present financial 
year and 1986-87. The estimates are based 
on ‘‘indications’’ provided by the Univer- 
sity Grants Committee and were arrived at 
by excluding the protected Information 
Technology and New Blood schemes and 
then incorporating government expect- 
ations for inflation over the next 2 years. 
CVCP’s document, circulated to vice- 
chancellors at the beginning of this month, 
argues pointedly that provisional levels of 


recurrent grant incorporate two levels of | 


reduction in value: scheduled cash 
increases are lower than projected cost 
increases, and the cost increases are them- 
selves lower than government expectations 
for inflation. The cash value of the recur- 
rent grant is expected to rise from its cur- 
rent level of £1,249 million to only £1,320 
million in 1986-87. 

Mr Michael Baatz, secretary of the 
efficiency study group, emphasizes that the 
initiative for efficiency studies came from 
CVCP itself, albeit ‘‘in response to govern- 
ment interest”, All British universities had 
declared themselves willing to take part, 
but the chosen six represent a variety of 
university types, old and new, large and 
small. The study is supported by a grant of 
£300,000 from the Department of 
Education and Science. 

The plan for the study now agreed is 
unusual in at least two respects. Eight 
topics have been drawn up as suitable for 
investigation, ranging from the all-embrac- 
ing (‘‘financial management’’) to the 


what subjects should be taught. 


particular (‘‘animal houses”). But only 
one topic will be investigated at each of the 
six universities included in the study (the 
topic to be chosen jointly by the university 
and the committee), and so at least two of 
the possible topics will be left untouched. 
And the committee is pledged to make no 
judgement on academic matters, such as = 


Mr Baatz admits that there will be ich 
discussion on what constitutes an 
“academic” matter. While questions such 
as level of provision for each subject are 
clearly out of bounds, the committee will 
hope to make recommendations on how 
resources might best be deployed to achieve 
stated aims. The academic side of these. 
questions is being tackled by a separate 
CVCP working group on academic stan- 
dards chaired by Professor Philip 
Reynolds, vice-chancellor of the University 
of Lancaster. Tim Beardsley 





Reagan’s Lysenkoism 


US PRESIDENT Ronald Reagan should be © 
awarded a special ‘‘Lysenko prize” for his 
“star wars” theories, Academician Evgenii 
Velikhov asserted last week. Velikhov, a 
vice-president of the Soviet Academy of 
Sciences and chairman of the Committee 
of Soviet Scientists for Peace and Against 
Nuclear Wars, was speaking on Moscow 
Radio’s ‘‘English for North America” ser- 
vice. 

According to Velikhov, Reagan’s allu- 
sion to ‘‘new defensive systems’’ that 
would give the United States an antimissile 
capability was simply ‘‘Lysenkoism’’. 
Present-day lasers, he said, would have to 
be improved by ten million times to provide 
a reliable antimissile defence system. Like 
Lysenko, he says, Reagan is prepared to 
‘put science into storage” if it gets in the 
way of his theories. 

The hope of ‘‘protecting all people” is a 
“wonderful concept’, but, like Lysenko’s 
agricultural theories, is in reality “ʻa lie” 
which cannot be implemented. : 


Velikhov says he made this clear during : e 


visit to the United States last month, in 
meetings with the Federation of American 
Scientists, the US National Academy of 
Sciences and ‘‘people with political and 
military experience’. Vera Rich 
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Baikal-Amur railway 


NEWS 


Building too fast for efficiency 


OVIET plans to complete construction of 
-/ the Baikal-Amur Mainline (BAM) railway 
~ by autumn 1984, a year ahead of schedule, 

have been jeopardized by a lack of under- 
standing of the geology of permafrost. This 
year, the Soviet media have noted several 
instances where the rapid exploitation of 
geological research findings for the good of 


the economy, urged by successive five-year | 


plans, has run into difficulties. Oil extrac- 
tion from newly discovered fields in Siberia 
is far behind schedule, and it was revealed 
last month that the reservoir of the 
Cheboksary hydro-electric station on the 
Volga had caused an unexpected rise in the 
water-table between Cheboksary and 


Gor’kii, so that the water-table in Gor’kii | 


‘Reflector makes high price 


has already risen to ground-floor level in 
some places. 


works may be started without allowing suf- 
ficient time for preliminary surveys; and if 
one sector carries out a programme of 
**shock-work’’, others working at normal 
speed will appear to be lagging. 


The trouble on BAM appears to be a | 


result of the decision to bring forward the 
construction date, so that the last ‘‘golden 
link” could be laid to celebrate Revolution 
Day (7 November) this year. BAM, which 
has been hailed as one of the most impor- 
tant achievements of Soviet civil engineer- 
ing, has been built in sections, and the run- 
ning of trains on completed portions has 
already earned, its publicists claim, im- 
pressive sums from the Soviet economy. 
Looping far to the north of the (Tsarist- 
built) Trans-Siberian Railway, and thereby 
avoiding sensitive areas close to the 


"F Chinese border, BAM, when completed, is 
expected to offer fast and com-petitive | 


freight rates for the container transport of 
goods from the Far East to Western 
Europe. The driving of the final link is 
therefore economically important. 

The course of BAM was carefully plan- 


ned — according to official reports — bya 


think-tank covering all the relevant scien- 
tific disciplines. The chief snag on the final 


choice of route was the Kodar range of | 


mountains, through which a 2-km tunnel 
had to be drilled at an altitude of 3,000 m. 
When the completion date was brought 
forward, it became necessary to complete 
this tunnel by May 1984 (leaving six months 
for the track-layers to do their work), and 
the tunnellers forged ahead with such gusto 
that by 15 February, they had already ex- 
cavated 1,600 m of tunnel. 

Unfortunately, however, the concrete 


3 F workers responsible for facing the newly 
‘dug surfaces made slower progress, and | 
before they could catch up, lumps of rock | 


began breaking away from the unfaced 
ceiling of the tunnel. It was eventually 
decided to reinforce the roof with metal 
structures, but this remedy was adopted 


\ Such problems seem endemic in a cen- | 

- trally planned system. Civil engineering | 
| in 1827 by John Cuthbert under the- 
guidance of Dr Goring, the eminent | 


too late to prevent a serious cave-in. 
Serious recriminations have broken out 
as to who was responsible for the cave-in. 
The tunnellers blame everything on the 
‘“‘mysteries’’ of the permafrost. They have 
hinted, moreover, that the strata en- 
countered were less hard than the 
geologists had supposed, and that although 
temperatures were monitored in the ex- 
cavated tunnel, readings were taken only at 
floor level, and it was only later discovered 


| that temperatures near the roof were con- 


siderably higher (around 12°C). The chief 
directorate for the BAM construction, 
however, tends to blame ‘‘sluggishness”’ in 





the concreting of the roof, while admitting r 


that an elementary law of physics had been 
ignored — that at the temperatures that 


built up in the tunnel, permairost gradually ves 
ceases to be permanent. ee 
All the resources of Soviet society have : 


now been mobilized: representatives of the 


Party bureau have been posted to ‘‘key sec- 
tors” and the concreting teams reinforced 
with Party cadres. The Ministry of Trans- 
port Construction has instructed the tun- 
nellers to have the tunnel ready for traffic 
this autumn. The Chief Tunnel Construc- 
tion Directorate, according to the Soviet 
newspaper Sovetskaya Rossiya considers 
this task ‘‘unrealistic’’. Officially, 
however, the schedule for driving the 
golden link remains unchanged. 

Vera Rich 





Optical microscopes 


A RARE reflecting microscope constructed 


Scottish microscopist, was sold last week in 
Sotheby’s London sale-room for £8,000, 
about three times the price expected. The 
instrument was based on one produced 
several years earlier by the famous Italian 
experimenter Giovanni Amici, but instead 
of varying the magnification by a set of eye- 
pieces, Cuthbert has provided a series of 
elliptical mirrors and Lieberkuhns. The 
mirrors are mounted in tubes to which the 
Lieberkuhns can be attached. 

The reflecting microscope first made its 
appearance when the struggle for the 
achromatization of the microscope had 
almost been abandoned. Great strides had 
been made in the mechanical properties but 


there had been scarcely any improvement | | 
in the optical performance of the micro- | 


scope since its invention two hundred years 
earlier. 
Isaac Newton had certainly not helped 


matters by supporting the view that the | 


construction of a colour-correcting 
achromatic lens system was not possible, 
and in 1672 he wrote to the secretary of the 
Royal Society outlining his ideas on how 
chromatic aberration could be overcome in 
a microscope by the use of a ‘‘reflecting 
piece of metal instead of an object glass’’. 

Newton’s preoccupation with a reflect- 
ing rather than with a lens system was 
influenced by his conclusion that 
refraction is always accompanied by dis- 
persion, an unfortunate conclusion which 
went unquestioned for many years and 
which resulted in considerable delay before 
serious research was undertaken on the 
achromatic lens. As to Newton’s micro- 
scope, if he ever had plans for its con- 
struction, they appear not to have 
materialized. 

The first satisfactory reflecting micro- 
scopes made their appearance some 50 
years later, and were by the Italian and 
London makers, Amici and Cuthbert. 





John Quekett, in his microscope treatise of 
1848, points out the difficulties of making 
and using these instruments, but of the 
Cuthbert microscope, he says that it was (in 
its time) ‘‘the most perfect instrument 
manufactured in this country’’. 
, The success of Cuthbert’s microscope 


was, however, short-lived. In 1830, just p 


three years after its appearance, a develop- 
ment took place which struck a death-blow 


Cuthbert reflecting microscope. 
to all reflecting microscopes: the successful 
production of the long-awaited achromatic 


objective. For the first time, the convens = 


tional compound microscope began to 
emerge as an indispensable tool in science 
and industry. No longer was it merely a 
plaything for dilettante enthusiasts, who, .. 
to quote a nineteenth century historian, 9 
“regarded their costly instruments aso 
precious toys rather than as tools for work 
and study’’, a 
Paradoxically the twentieth century has M 
seen the re-emergence of reflecting systems 
for specialized use in ultraviolet or infrared 


regions of the spectrum; so even if Newton ke 
had been misled in his dispersion experi- — ~ 


ments, his pioneering work on the reflect- 
ing microscope was not altogether in vain. 


ArthurFrank ` 
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Coronaries and diet 

Sir — The article ‘You are not what you 
eat” (Nature 307, 199; 1984) gives the 
seriously misleading impression that 
dietary modification cannot reduce the risk 


of coronary heart disease. In addition, the | 


article contains many inaccuracies. 

In the Coronary Primary Prevention 
Trial referred to in the article, all patients 
received a standardized diet which limited 


saturated fats and cholesterol and which | 


was designed to lower blood cholesterol by 
3-5 per cent. Both the treatment and the 
control groups achieved a 4 per cent plasma 
cholesterol reduction as a result. It is wrong 
to imply that the control group (no drug 
treatment) could not have done any better; 
controls showing a large dietary response 
were deliberately excluded. More 
restrictive diets have frequently been 
shown to reduce plasma cholesterol levels 
by 10-15 per cent. 

You are incorrect in implying that only 
those in the study who reduced their 
plasma cholesterol to a level near the 
national average benefitted. Reduction of 
risk was directly and continuously related 
to the per cent reduction in cholesterol 
concentration. (You state that the group 
receiving the drug (treatment group) 
reduced plasma cholesterol by 17 per cent; 
the correct figure is 13.4 per cent. And you 
state that non-fatal myocardial infarctions 
were reduced by 17 per cent; the correct 
figure is 19 per cent.) 

Although you did not distinguish 
between dietary cholesterol and dietary 
saturated fat, your article carries the clear 
implication that diet is unimportant in 
reducing the risk of coronary artery 
disease. The results of the trial clearly 
showed the benefit of lowering plasma 
cholesterol. In fact, it is almost standard 
practice for the patient to be treated with 
diet first, and a drug added only if diet fails 
to achieve a satisfactory reduction in 
plasma cholesterol. The results of the Oslo 
study, in which dietary modification and 
elimination of cigarette smoking achieved 
reduction in plasma cholesterol and a sig- 
nificant reduction in coronary artery dis- 
ease, are consistent with the results of the 
Coronary Primary Prevention Trial and 
with our recommendation that patients 
with plasma cholesterol levels greater than 
240 mg di-! should be carefully evaluated 
and should change their diet to reduce the 
level. Those whose plasma cholesterol 
remains elevated after a trial with diet are 
candidates for treatment with a drug. The 
suitability of this treatment must be an 
individual decision made by doctor and 
patient, based on accurate data on the 
patient’s plasma lipoprotein levels. The 
trial indicates that vigorous treatment of 
this high-risk group will be effective if 
begun sufficiently early. 

ANTONIO M. GOTTO 
American Heart Association, 
< 7320 Greenville Avenue, 
“Dallas, Texas 75231, USA 





CORRESPONDENCE 
Unfair on Ilimensee 


Sir — Your coverage of what you call ‘‘the 


Ilimensee affair’’ continues to prove. 
unfair. Or has it become common usage in 


Nature to report on the failure of 
anonymous ‘‘other researchers’’ who 
unsuccessfully try to ‘‘repeat Ilimensee’s 


experiments’’, as you do in Nature 308, | 


p.394? Knowing Illmensee for more than 
sixteen years and having worked as one of 
his fellow PhD students in the same room 
for more than a year, I am fully convinced 
of his personal and scientific integrity. If 
others fail to repeat his work successfully 
— what of it? Even Carl Lewis has not yet 
reached Bob Beamon’s 8.90 metres. 
ECKHARD LIEB 
Lehrstuhl Didaktik der Biologie, 
Universitat Bayreuth, 
D-8580 Bayreuth, FRG 





Statisticians cleared 


Sir — Following the recent article on the 
fallibility of the polygraph(Nature 29 


March, p. 449) and the correspondence it | 


generated (Nature 17 May, p.203), it is 
clearly now time to update that apophthegm 
which is the bane of a statisticians’s 
existence: ‘‘There are lies, damned lies and 
lie detectors”! 

D.O. CROWTHER 
18 Rowley Rd, 
St Neots, Cambs, UK 





Indian items 


Sir — Your news report (Nature 307, 307; 
1984) rightly terms recent exhortations of 
the head of India’s University Grants Com- 
mission (UGC) as utopian, although the 
UGC chief is to be credited for highlighting 
maladies responsible for academic back- 


wardness in Indian universities. The. 


bureaucracy and the politicians have 
strangulated university autonomy. There is 


interference in day-to-day running of the | 


academic administration, as witnessed on- 
ly a few months back when the vice- 
chancellor of a university resigned in pro- 
test at a state political authority en- 
croaching upon his stand to maintain 
discipline in the campus. 

in India education is a state matter. Ex- 
cept with regard to research, technical and 
scientific education, the education is en- 
tirely within the purview of the states. For 
this reason education has not developed a 
national perspective, with each state going 
its own way. The first step to improve mat- 


ters would be to bring education under the | 


category of the concurrent list of the Indian 
Constitution. This will enable UGC to 
intervene effectively to protect academic 
interests. 

In the Indian university system, a vice- 


chancellor has a very important role to play | 
in shaping the academic life of a university. — 


But the recent trend is to appoint vice- 
chancellors mainly on political grounds. So 
vice-chancellors have failed to inspire the 
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| respect that students and teachers should 


normally have for a person who is suppos- 
ed to be the leader of academic life of a uni- 
versity. In this context I may mention the _ 
report of Justice Mootham in which :t ne” 
choice of vice-chancellors was dealt with at. 
length. Similarly, the Radhakrishnan com- 
mission on university education has not on- 
ly described the quality of a person to be 
chosen as a vice-chancellor but also 
prescribed a procedure for appointment of 
vice-chancellors. Let academic merit be the 
guiding principle in the selection of a vice- 
chancellor. Furthermore, the highest 
authority in the government should be 
directly accessible to the vice-chancellor 





| with no bureaucrat acting as a middleman. 


Much of the erosion of university 


| autonomy is done in the name of finances. 


This has reduced universities to just 
another section of the Education Depart- 
ment of the State Secretariat. There is no 
justification in placing a provincial civil _. 
servant designated as Financial Officer. 
controlling the university finances. Such an 
officer has only a narrow bureaucratic out- 
look and cannot apprehend the need and 
priority of the academic challenges. Let the 
university be allocated ‘‘x’’ finances and 
details of its disbursement or priority in ex- 
penditure be decided by the academic body 
itself. 

Recent approval accorded to a scheme of 
promotion of university teachers by UGC 
is incongruous to the recent pro- 
nouncements of the UGC chief. Only 
recently UGC has approved automatic pro- 
motion from reader to professor and from 
lecturer to reader on the basis of length of 
service (13 years as lecturer and 10 years as 
reader) of an incumbent. This move was 
rejected by the Indian Science Congress 
(Nature 307, 100; 1984), but it isa worrying . 
trend. Promotion should depend on open... 
competition based strictly on merit without _ 
any bias tied to the length of service. 

Finally, I am certain a great deal of prac- 
tical wisdom is contained in the reports of 
various education commissions set up by 


| the Government of India in recent years. 


The reports of the Radhakrishnan, 
Mudaliar, Mootham, Sen and Kothari 
commissions are gathering dust on various 
governmental shelves. The UGC chief 
could render an invaluable service by im- 
plementing relevant recommendations 
from each one of these reports, which can 
be implemented at the UGC level. Such ac- 
tions would strengthen moves to persuade 
government machinery to take effective 
measures to save universities from 
academic deprivation. Genuine concerted 
efforts could turn a demoralized academic 
community into a professional force com- 
mitted to seek and advance frontiers of- 


knowledge and able to contribute its fair® s 


share in stimulating intellectual growth, 
nationally and internationally. 

A. N. MALVIYA 
Université Louis Pasteur, 
5, rue Blaise Pascal, 
67084 Strasbourg Cedex, France 















iscoveries, 
ot Reagents 


Oligodeoxynucleotides of 
defined sequence are an 
increasingly important tool in 
research. This means that you, 
the researcher, must ask the 
question: "Where can | get this 
vital product?”. You could 
synthesize and purify the 
oligodeoxynucleotide yourself 
but this takes valuable time 
away from your research: 
instead of making new 
discoveries, you are making 
reagents! Expensive "gene 
machines” can do the synthesis, 
but you must still invest your 
tme to purify the product. Is 
there no better way to obtain 
custom oligodeoxynucleotides? 


The better way is to have 
Pharmacia P-L Biochemicals 
prepare your custom 
ohgodeoxynucleotides. Our 
expenenced team of skilled 
professionals can quickly 
synthesize and purify the exact 
sequence desired in the 
quantity that you require. 
Whether you need | OD or 
5000 ODs, whether you need 
modified bases or a mixed 
sequence, we can supply your 
oligodeoxynucleotide ready for 
you to use. Put our custom 
synthesis experience to work 
for you-—let Pharmacia P-L 
Biochemicals prepare your next 
custom oligodeoxynucleotide. 
Remember, your business is 
scientific research; our business 
is making your reagents. 


For more information or a price 
quotation, contact your local 
Pharmacia P-L Biochemicals/ 
Pharmacia Fine Chemicals 
representative or write 


to one of the 
addresses 


below. 


sequences 
for probes 


¢ Modified 
nucleosides 
available 


¢ Scale from 1 OD 
to 5000 ODs 


excellence in 
biochemistry 





We offer all the materials you need for a 
successful synthesis by both classical and 
solid phase techniques including: 
-K An extensive range of resins including 
t-Boc and FMOC resin esters 

x FMOC amino acids including Arginine, 
Cysteine and Histidine derivatives 


* Full ranges of t-BOC, CBZ and NPS 
protected amino acids 


Delivery from stock, very competitive 
prices and consistent extremely high 


quality. 


For full details please contact: © 


Located Al 

3132 Kashiwa St, Torrance, California 90505 
Mailing Address P.O. Box 3426, Torrance 90510 
(213) 539-4371 TWX 910-347-7320 


69 HIGH STREET 
SAFFRON WALDEN 
ESSEX CB10 1AA 
TELEPHONE [0799] 26468 
TELEX 817205 HACHEM G 
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NEWS AND VIEWS 


erils of too much disclosure 








The New England Journal of Medicine would have authors disclose commercial interests in their 
articles. The American Institute of Physics will tolerate prior disclosure. Wh y? | 


WALL Street in the past year has been 
seriously damaged not by the 
unpredictability of the markets (from 
which it usually manages to profit) but in 
its reputation. A few months ago, it was 
alleged that an employee of the Wall Street 
Journal, a newspaper highly respected by 
the financial community, had been helping 
his friends to play the markets armed with 
the knowledge of what was about to appear 
in print. 
Soon afterwards, an Arizona academic 
appeared on a television network, bad- 
mouthing G.D. Searle’s new synthetic 
sweetener — and afterwards confessed that 
he had been selling Searle stock short in the 
expectation that its price would fall (which, 
surprisingly, it did not). Both tales are 
illustrations of what Wall Street and the 
other financial markets call ‘‘insider trad- 
ing”? — the exploitation of private know- 
ledge by a few favoured people to make 
profits out of the ignorance of others. 
Their peculiar difficulty is that, in each 
case, the culprits are people not strictly sub- 
ject to the regulations that govern the 
behaviour of recognized market makers. 
For the financial markets and for 
governments, it has become a kind of 
nightmare to know how outsiders with 
_inside knowledge should be prevented 
rom cheating others. The agony seems 
now to have afflicted the New England 
Journal of Medicine, if anything even more 
highly respected than the Wall Street 
Journal. (At least, it does not fire off 
unsubstantiated. ch T$ at the Soviet 
Union is using À ipulation to 
manufacture bic 
Wall Street Journa 










isis of a flimsy 
F : ae has 


research has noe 
‘rampant’ that th who publish 
scientific articles in the technical literature, 
but who also have interests in commercial 
companies, may suffer: intolerable con- 
flicts of interest (New Engl J. Med. 310, 
1182; 1984). 

®& The question is iereding and 
© Umportant. That biomedical research has 
“become uncomfortably commercial is 
widely accepted, even by some of those 
who hold this to be unavoidable or even 









desirable, for the sake of the rapid develop- |- 
ment of a new technology. That the pub- 


lication of scientific articles c can sometimes 





affect the prices of particular stocks is also 
undisputed; the most obvious effects are 
those which follow the appearance of dis- 
appointing (negative) reports of trials with 
new drugs, but the phenomenon is not new. 


So how can journals ensure that they are 


| not being misused by their contributors? 


The New England Journal’s suggestion, 
now opened for public discussion before 
being implemented as editorial policy, is 
that all contributors should declare direct 


commercial interests within what they seek . 


to publish. An employee of, or one who has 
been helped financially by, an interested 
company should say so openly, but 
researchers who act as consultants for a 
company should make a declaration to the 
editor, who may afterwards ask that some 
of this information should be disclosed. On 
the face of things, this sounds sensible 
enough, entirely consistent with the con- 
temporary fashion for publishing one’s 
latest tax return before running for public 
office. But is the procedure necessary? And 
would it deal with the problem identified? 

Especially since the latest surge of 
interest in biotechnology, most journals 
have found that full-fledged companies 
active in the field have been eager that their 
employees should clearly acknowledge 
who pays their salary. The declared motive 
is that the companies shall be better placed 
to recruit in the science labour market, but 
no doubt it helps on Wall Street that 
potential stockholders know the company 
is not asleep. The New England Journal’s 
remedy would not change this state of 
affairs, but reinforce it. Practice suggests, 
however, that fast-moving corporations 
rely more on secrecy than on patent pro- 
tection, with the result that the publication 
of important research is often delayed and, 
then, muffled. 

In this climate, the most likely conflicts 
of interest are not those of contributors 
turned inside-traders but the following: 
members of the editorial staffs of journals 
may improperly use what they know about 
material not yet published, while con- 
tributors may tell lies in the interests of 
some secret sponsor. Fortunately, most 


journals are all too well aware of the. 


dangers of even minor unauthorized dis- 
closures. (Nature is still bruised by the 
angry withdrawal of an important article 
through the innocent transmittal of the 


_ report of a referee whose interpretation of 


the data was more interesting than the 


- author’s.) But the opportunities for finan- 


cial gain are novel, and should be inhibited. 


LL TC hmamanta lainaa iiA e a a, 


Contributors who may be tempted to 
shade the truth for hidden reasons are 
potentially a more serious problem. The 
New England Journal’s recipe would help 
if only it could be enforced. The trouble is 
that those who may be the most tempted 
are the least likely voluntarily to disclose 
their interests. And the ultimate deterrent... 
will be what it has always been — that those ~~ 
who shade the truth are eventually found _ 
out, and then damaged in reputation more -< 
seriously than their pockets can have ` 
benefited. 

So, for the time being, Nature will not be 
following the policy with which the New 
England Journal is flirting, believing that 
present practices are most often sufficient 
to guard against abuse — and that the ex- 
ceptions are those least easily dealt withby __ 
formal rules. Nor, for that matter, will 
Nature be following the new editorial = 
policy announced by the American 
Physical Society (see Physical Review Let- 2 
ters, 11 June). On a quite different issue, 
that of the prior disclosure of the content of 
a scientific article, the society now says that 
it will not in future regard prior publication 
of the substance of an article in popul: 
newspapers or magazines ‘‘with. large r+ 
culations outside the physics community’ 
as a bar to publication in its journals. It 
shocking that this announcement shou 
appear in the journal which, in the late Pr 
fessor S.A. Goudsmit’s time, most stout! 
resisted the preference of many physicists 
for unrefereed publication on the front 
page of the New York Times. : 

The American Physical Society clearly = 
does not appreciate what trouble this ill- ee 
thought policy will cause. Perhaps a 
physicists are by now so dependent on the. 
pernicious preprint system that they think 
their journals are archival from the start. © 
But this new recipe is as neat a device as. 
there could be for ensuring that important 
work is misrepresented to the public—one = 
newspaper may sensationalizeahearsayac- 
count, the others will ignore the event for. 
fear of seeming scooped. Even in the scien- 
tific press, broken embargoes may have the 
same disastrous consequences. This, in 
retrospect, is what may be made of the 
pallid account, in a recent issue of the jour- 
nal Science (reference withheld), of agroup 
of papers to be published in Cell and 
Nature in the next few weeks, and which 
may be the most important discovery so far 
this year. Thus will other tales of discovery 
be half-told if the American Institute of ~ 
Physics is followed. John Maddox 


























_ Physiology 
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from G. A. Sagnelia a and G. A. MacGregor 


PHYSIOLOGICAL experiments have repeat- 
edly suggested the existence of natriuretic 
substances. that increase the excretion of 


sodium from the kidney, probably by in- | 


hibiting the reabsorption of sodium along 
the renal tubule! . These factors are of par- 
ticular interest partly because the amount 
of sodium in the body’s extracellular fluid 
ee regulates its volume, and partly because of 


"Suggestive evidence of a link between the 


idney’s ability to excrete sodium and 

sential hypertension! , a major risk factor 

fo cardiovascular disease’. 

<> It has recently become clear that there are 
“at least two distinct types of natriuretic 

= substances. One, probably produced by 

=. the hypothalamic region of the brain, is an 














- inhibitor of (Na* + K*) ATPase, the en- 
zyme which transports sodium across 
~ membranes, and might be a contributory 


-factor to a rise in blood pressure'. The 
other, comprising peptides that have been 
isolated from the atria of the heart, has 
recently become the focus of attention for 
numerous laboratories throughout the 
world, although its physiological 
significance remains tantalizingly uncer- 
tain. The occasion for the sudden attention 
to the atrial peptides is their recent 
characterization and synthesis; moreover, 
as described on pages 717 to 726 of this 
issue of Nature, their precursor has now 


LeuAlaGlyProArgSerLeusradrgserSerCysPheslySlyArg! leAspArg! leGlyAlaGinserGlyLeuGlyCysAsnserPheArgiyr gef, 
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and organization of their precursors (bel ow). 


NEWS AND VIEWS 


been identified and its sequence deduced. 
Both neuronal and humoral mechanisms 
have been suggested’ for the increase in 
urinary outflow that follows stimulation of 
atrial ‘stretch’ receptors*. Speculation that 
a novel endocrine system might be involved 


was stimulated by the observation that — 


intravenous injection of rats with atrial, 
but not ventricular, extracts led to a strik- 
ing natriuretic and diuretic response’. 


Moreover, the natriuretic activity is associ- | 
ated with endocrine-like secretory granules | 


of the atrial cells“, and the number of 
granules changes during water deprivation®. 


Early work suggested that the active — 


material was a peptide®!? and, more 


recently, it was shown to be a mixture of | 


peptides of different molecular sizes which 
are not only natriuretic but can also relax 
the smooth muscle of vascular tissue’, 
causing vasodilation. A number of pep- 
tides — variously named atriopeptins, 
auriculins, cardionatrins and atrial natri- 
uretic factors — have recently been 
purified and sequenced'**°; their struc- 
tures are summarized in Fig.l. There are 
two striking conclusions. First, all the rat 
peptides seem to be derived from a com- 


mon precursor, as suggested by earlier in- | 


direct evidence??? and consistent with the 
isolation of a 73 amino acid peptide con- 
taining the atrial natriuretic sequence in its 
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mto add seq uences and proposed names of rat and human atrial natriuretic peptides, a 










NATURE Vt 


carboxy-terminal region?!. Second, the 
one human peptide so far sequenced differs 
from the rat peptide by only one amino 
acid. All the peptides require an intact 
disulphide bridge for biological activity 

The suggestion of a common precursor 
for the peptides is now borne out by the sẹ- 
quences of precursor cDNAs of both rat 
and human atrial peptides reported by 
three groups in this issue of Nature, Both 
Yamanaka et al.? and Maki et al.” have 
cloned cDNA of the atrial natriuretic fac- 
tor derived from rat atrial mRNA, and 
have determined its nucleotide sequence 
and deduced an amino acid sequence. The 
precursor is 152 amino acids long and con- 
tains in its carboxy-terminal region the 
amino acid sequences of all the atrial pep- 
tides reported to date (Fig.1). It also con- 
tains a likely signal sequence with a high 
content of hydrophobic amino acids in the 
N-terminal region, which is a characteristic 
feature of precursors of secretory pro- 
teins?*. A remarkably similar sequence 1s 
reported by Oikawa et al.” for the cDNA 
encoding a precursor of the human atrial 
natriuretic peptide. (The: deduced sequence 
contains not only the human atrial natri- 
uretic peptide a-hANP, but also y-hANP, 
a 126 amino acid peptide with the a-hANP 
sequence at its carboxy-terminus and 
which Oikawa et al, have identified in 
human atrial tissue — see Fig.1). Like the 
rat precursor, the human precursor con- 
tains a putative signal peptide sequence at 
its amino-terminus. There are some dif- 
ferences however — in particular, the Arg- 
Arg dipeptide following the atrial peptide 
sequence in the rat precursor is lacking in 
the human molecule. This may reflect dif- 
ferences in post-translational activation 
mechanisms. 

The physiological function and impor 
tance of the atrial peptides have yet to baw 
defined. Clearly, the fact that they have po- ` 
tent natriuretic and diuretic actions on the 
kidney as well as a vasodilatory effect raises 
the possibility of a role in the regulation of 
body fluids and blood pressure. Moreover, 
the peptides antagonize the vasopressor ac- 
tions of the hormones noradrenaline!’ and 
angiotensin H?6. Although limited, the 
available evidence is compatible with a 
hypothetical scheme in which an increase in 
extracellular fluid volume may serve as a 
trigger for release of atrial peptides into the 
general circulation (Fig.2); obviously, a num- 
ber of questions remain to be answered. 

How these peptides relax vascular 
smooth muscle and increase sodium excre- 
tion is not yet clear, They do not seem to act 
by inhibiting the (Na* + K*+)ATPase!’, 
and there is conflicting evidence as to their 
effect on the glomerular filtration rate — 
atrial extracts have no marked effect or 
it, whereas synthetic atrial natriuretic 
factor increases it slightly'®. Atlas et al. 





| suggest that the natriuretic effect results 


from the vasodilatory action of the peptide 
and a shift of blood flow to the medullary Lae 
region of the kidney'®. mee 

The characterization of the peptides a at 7 us 
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INCREASE IN EXTRACELLULAR VOLUME 


ATRIAL (7 STRETCH) RECEPTOR 











RELEASE OF ATRIAL NATRIURETIC PEPTIDES 


(? Activation mechanism) 





Necetive feedback 






INCREASED EXCRETION OF SODIUM AND WATER 
BY KIDNEY 






{? Snecific receptor} 










i? Medullary vasodilation} 
Fig.2 Hypothetical scheme for release and 
action of atrial natriuretic factor. 






the molecular level and their subsequent 
synthesis provides a basis to investigate 


their mechanisms of action at the physio- | 


logical and biochemical levels. There will 
undoubtedly be rapid progress in estab- 

. lishing radioimmunoassays to detect the 
= A presence of the peptides in the circulation 
and, if they are present, to test whether the 
circulating levels change with alteration of 
extracellular volume. 

Clearly the potential roles of the peptides 
in disorders of electrolyte balance and in 
blood-pressure regulation remain to be 
clarified. For example, might Bartter’s syn- 
drome reflect excess atrial natriuretic fac- 
tor and might hyporeninaemic-hypoaldo- 
steronism be associated with a lack of it? 

Finally, the relation of the atrial natri- 
uretic peptides to other postulated, but as 
yet uncharacterized, natriuretic agents re- 
mains to be clarified. Teleologically, the 
existence of two natriuretic substances, one 
with vasopressor and the other with vaso- 
relaxant properties, could allow the inte- 
grated control of both electrolyte and 
piece pressure homeostasis. g 
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Generation of the shortest 
ever optical pulses 


from Peter Knight 


How many optical cycles do you need in a 
pulse for it still to be called a light wave? 


| Ippen, Fujimoto and Weiner at MIT have 
| Just reported the generation and measure- 


ment of 16 femtosecond (1.6 x 10-'4s) 


| Optical pulses of centre wavelength 620 nm 
| which contain just eight optical cycles 
(Appl. Phys. Lett. 44, 832; 1984). They | 


also report that they can see the colour of 


the light change as their high-repetition- | 
rate laser apparatus compresses the optical | 


pulses. These are the shortest light pulses 


pulses has become fairly straightforward 
with the use of laser mode-locking. 
Because laser action is encouraged over as 
wide a frequency band as possible, many 
laser modes will oscillate at once. Mode- 
locking gives each mode a common phase 
so that constructive and destructive inter- 
ference among the different waves leads to 
a regular train of pulses. Each of these 
pulses has a temporal width inversely 
proportional to the number of modes 


| participating and thus to the laser gain 


bandwidth. For this reason a dye laser 
which can be excited over a wide frequency 
range can generate extremely short pulses. 
For example, a colliding-pulse ring 
geometry, developed at Bell Labs and now 
used by Ippen et al., can generate reliable 
pulses of less than 100 fs duration. 

The study of ultrafast phenomena 
requires even these short pulses to be 
further compressed in time. To achieve 
that degree of compression, Ippen et al. at 
MIT (and other groups in Bell Labs, IBM 
and Rochester) have stretched out the pulse 
frequency spectrum even more by 
‘chirping’ the light so that the carrier 
frequency is swept. When this is followed 
by a dispersive element, the blue-shifted 
training edge catches up with the red- 
shifted leading edge and compresses the 
pulse. 

Chirping can be produced by the 
nonlinear propagation of intense laser light 
in a liquid such as carbon disulphide. The 
intensity-dependent alterations in the 
refractive index of the liquid cause self- 
phase-modulation of the light. This 


| method, proposed by Giordmaine at Bell 


Labs, has proved troublesome. The optical 
pulses can be chirped, but not in a repro- 
ducible or stable manner. 

Nonlinear opticians have turned to 
single-mode glass fibres to produce stable 
uniform chirping. Light from a mode- 
locked laser can be focused into the small- 
diameter (about 10-7 cm) core of the fibre 


Peek re tp LV ee ee en Ne ge ne Be T NECN EY Pe ec eT aera Tees 


intensity. The variable phase-shift 
increases until the peak of the pulse arrives 
_ and then it diminishes. The instantaneous . 





to give internal intensities large enough for 
nonlinear effects to be important. The non- 
linear refractive index produces a phase- 
shift which depends on the instantaneous 


frequency shift is given by the time- 


derivative of the phase shift, so that) 


frequencies in the leading part of the pulse 
are lowered while those in the trainingedge 


i _ are raised. The size of this frequency chirp 
ever generated and, since a molecule takes | 
about 10 fs to vibrate, they open a new time- 
- window in the study of ultrafast processes. 

The generation of picosecond optical - 


increases directly with the length of the - 
fibre. This chirping, combined with 
dispersion in the fibre, is the basis of the 
‘soliton laser’ developed by Mollenauer 
and Stolen at Bell Labs (Opt. Lett. 9, 13; 
1984). The spectrally stretched pulse, on 


emerging from the glass fibre, can be 


compressed in time using a dispersive 
grating pair technique which allows the 
blue-shifted trailing edge of the optical 
pulse to catch up with the red-shifted 
leading edge. 

Ippen’s new experiment uses a colliding- 
pulse, mode-locked, dye laser to produce 
a train of pulses each of 65 fs duration, 
Single pulses are selected and amplified to- 
initial energies of 5 uJ with a repetition rate 
of 10 Hz, and then spatially filtered, colli- ; 
mated and focused into an 8 mm long ~~ 
polarization-preserving fibre, which 
broadens the spectrum of pulse by a factor- 
ofabout four by nonlinear chirping. Thisi 
followed by a grating pair to compress the 
pulse to its final length of eight optical. ; 
cycles. The pulses are detected by a second 
harmonic auto-correlator which deter ; 
mines temporal length by measuring the ae 
spatial extent of the pulse of light. = 00 

In a femtosecond, light travels one-third - 
of a micrometre, so femtosecond pulses 
can be used to study a whole range of ultra- o 
fast processes which, until now, have been 
unresolvable. In condensed matter physics, 
such pulses can be used to study transport- 
processes in semiconductors, non= 
radiative relaxation, and molecular 
vibration and re-orientation. In photo- 
biology and photochemistry, direct 
observations should be possible of energy 
dissipation, transport and dephasing. The 
generation of femtosecond pulses has 
stretched nonlinear optics to the limit. 
With only eight cycles left in a pulse of 
visible light, any improvement would seem 
to demand a shift to the ultraviolet. Mean- 
while, the new results of Ippen et al. will be 
eagerly applied to a wide range of transient 
phenomena. E 
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to the organism, are pp-carboxypeptidases 


residue is part of an active site witha similar 
-_ role in the mechanisms of all the enzymes, 
and that all the genes are homologous, at 


S -presentation of the first high-resolution 
co Neray. crystal structure of one of the 
_ proteins that interact with penicillins: the 
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Proteins that bind the 

B -lactam antibiotics 


from A.F.W. Coulson 


2.8A structure of a Streptomyces DD- 
carboxypeptidase (J. Kelly, University of 
Connecticut). The enzyme contains two 
regions of secondary structure — a six- 
strand ß -sheet and a group of five stacked 
a-helices. To add to the progress that has 
been made in the last four years in 
extending the sequence-based classifi- 
cation of f-lactamases, R. Ambler 
(University of Edinburgh) reported a 
partial sequence of the Zn-containing f -H 
enzyme from Bacillus cereus, still the only 
member of class B. And J.O. Lampen 
(Rutgers University) presented a partial 
sequence of its gene. 

The most interesting mechanistic study 
was that described by R.F. Pratt (Weslyan 


A MEETING that is concerned more with the 
enzymes that form the targets for the 
ß -lactam antibiotics than with the- 
ß -lactamases that destroy them, would not 
sensibly be called a ‘p -lactamase work- 
shop’. But the name was coined in 1975 for 
the first of the workshops; by the third*, 
held recently, the focus had changed. 

The target enzymes can be identified in 
=o whole cells by their binding to 
= 44C-penicillin G, In Escherichia coli there 
> are two classes of penicillin-binding 
«protein (PBP). The low-molecular-weight 
> proteins, PBP-4, -5 and -6, are not essential 





























































~~ and are believed to regulate the degree of 
-o cross-linking of the cell wall. The high- 
molecular-weight PBP-la, -1b, -2 and -3 
have already been shown to be essential to 
E. coli; real progress in understanding the 
=O behaviour of these membrane-bound 
<- proteins is now becoming possible through 
the cloning and sequencing of their genes. 

The sequence of the PBP-3 gene, repre- 
senting a protein of 588 amino acids, was 
reported a year ago by Y. Hirota (National 
Institute of Genetics, Mishima). PBP-3 
displays both transpeptidase and trans- 
glycosylase activities, and the latter is not 
inhibited by penicillins. B. Spratt (Univer- 
sity of Sussex) presented evidence that the 
transpeptidase activity is associated with 
the carboxy-terminal half of the molecule, 
whereas the amino-terminal half contains 
the transglycosylase activity. 

J. Broome-Smith (University of Sussex) 
has sequenced the genes for PBP-1A, PBP- 
1Band PBP-5. 1A and | Bare highly homo- 
logous; otherwise the only extensive 
sequence similarities in this group occur in 
the region of the tetrapeptide -Ser-X1-X2- 
Lys-. Tetrapeptides of the same form also 
occur in low-molecular-weight DD- 
carboxypeptidases and in several examples 
of each of two types of f -lactamase. For 
ß -lactamase it has been very thoroughly 
established that the serine residue is part of 
the active site, and is acylated by a 
ß -lactam in the course of its hydrolysis. 
Other similarities in the sequences of these 
three groups of enzymes are also 
concentrated in the neighbourhood of the 
tetrapeptide sequence. It is clearly very 
tempting to suppose both that the serine 


Astronomy 


from David W. Hughes 


Ir is none too easy to gather data on the 
Quadrantid meteoroid stream. January 3 
or 4, depending on our phase in the leap- 
year cycle, is the only day of the year on 
which the Earth intersects the stream; the 
point on the celestial sphere from which the 
shooting stars appear to originate has a 
declination of + 48.5°, so Quadrantids are 
best seen from high latitudes in the 
Northern Hemisphere where winter makes 
visual and photographic conditions seldom 
satisfactory; and at least one year in four is 


between half-maximum flux rates being 
about 12 hours, and if the maximum occurs 
when the radiant is low in the sky, the pro- 
portion of the flux that can be observed by 
any method is much reduced. This factor 
limits optimum observations of the shower 
to one year in every four. 

Radar methods can overcome two of the 
problems, permitting the observation of 
meteors in daylight and through clouds. 
They, however, suffer from their own kind 


gation conditions in the ionosphere can 
vary considerably as a function of solar 
cycle. Another problem with radar is the 
identification of the shower meteors. This 
is usually accomplished simply by sub- 
tracting an assumed background rate from 
the total observed rate. 

One goal of meteor stream investigations 
is to unravel the disintegration process of 


least in parts. | 
A highlight of the meeting was the 


evolution of the meteoroid stream. A 


<i Lactamaxe Workshop, Holy Island, Northumbria,4-6 Apri, | knowledge of the particle number density 


| lactam substrates to be discovered. Trangy 
| peptidation can occur from these sub- 


| A.F.W. Coulson is in the Department of 





hampered by moonlight. Moreover, the 
Quadrantid stream is very narrow, the time | 


of ‘bad weather’, because radio propa- 


the parent comet and the subsequent | 


NATURE VOL.300. H JUNE 1984 





University, Connecticut) who showed 


that acyclic esters of the form 


Ar.CH,.CO.NH.CH,.CO,R are hydro- 
lysed by f -lactamases — the first non- 


strates to suitable amines, which implies 
that acyclic amides must also be substrates 
(J.R. Knowles, Harvard University). 

The induction of penicillinase in bacilli 
has unusual features which have made it a 
long-standing problem, a solution to which 
may be at hand now that clones of the 
entire penicillinase operons are available 
(Lampen). It seems clear that the main 
oddities in the induction arise because the 
inducer modifies the cell wall giving rise to 
a ‘second messenger’ within the cell; the 


| genetic control itself may be entirely con- 


ventional. The nature of the modification 
to the cell wall remains mysterious, par- 
ticularly since it can be brought about by a 
variety of chemically very different agents. 





Molecular Biology, University of Edinburgh, 
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Quadrantid meteors 


across the stream and around the stream 
orbit, and the way both of these vary as a 
function of particle size, would be very use- . 
ful in that context. Hence the value of the 
determination by B.A. McIntosh, of the 
Herzberg Institute of Astrophysics, 
Ottawa, Canada, and M. Simek, of the 
Astronomical Institute, Ondřejov, 
Czechoslovakia, of the long-term average... 
cross-section of the Quadrantid meteoroid 
stream by analysing radar data obtained 
over nearly a quarter of a century (Bull. 
astr. Inst. Czechoslovakia 35, 14; 1984). 

The Ondfejov and Ottawa radars are 
both pulsed systems and are similar in 
operation. Typical parameters are pulse 
length 10s, peak power 25 kW, repetition 
frequency 500 Hz. The antenna is fixed at 
an elevation of 45° and meteors within a 
line-of-sight distance of 400 km are 
recorded. Meteors are sorted into three 
duration classes, equivalent to median 
magnitudes of + 6, + 1.6and - 1.0. 

The practice of adding one year’s data to 
the next is common with Quadrantid 
researchers but McIntosh and Simek warn 
that it is not without problems. These 
become obvious when the combined data 
for the time interval 1958-81 are compared 
with the well-observed year of 1979. There 
are three basic numerical values which 
represent any flux curve: the time oi 
maximum flux, the rate of rise and the rate: 
of decay. The last two can be combined to 
give a stream width which is usually defined 
as the change of solar longitude that occurs 





during the time when the stream is more 


active than half its maximum activity. The — 
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-authors noticed that the stream width from 
the combined data was twice that of 1979. 
The cause, they say, is the variation in the 


position of maximum, which can change | 





as much as 0.5° in solar longitude from 
‘ear to year. So the annulus of Quadrantid 
“meteoroids in the Solar System is not 
perfectly elliptical and deviations from this 


ellipse, at the descending node, can be as | 


much as 7 x 105 km. 


Contrary to the findings of many | 


researchers, McIntosh and Simek found 


that the maximum flux of bright meteors | 


did not inevitably occur after the maximum 
flux of faint ones: in certain years the 
bright meteors preceded the faint ones. For 


all three meteor magnitudes the rate of rise | 
of the flux to the maximum was slower than | 


the subsequent fall. It was found, however, 
that the asymmetry increased as one con- 
sidered brighter meteors. The theory of 


meteor stream production predicts that 


width should decrease as a function of 
meteor brightness. The authors found that 
the + 6.0 and - 1.0 magnitude meteors 


obeyed this rule but that the + 1.6 | 


magnitude meteors had a wider flux curve 
than either of the others. 

In conclusion, 
Quadrantid shower, currently both one of 
the most active showers and the narrowest, 
has many peculiarities. These can, in the 
main, be blamed on Jupite The ascending 
node of the Quadrantid orbit occurs very 
close to Jupiter’s: orbit. ‘Also the mean 
period of the Quadrantidsi is approximately 
half Jupiter’s orbital period. This causes 
the nodes of the Quadrantid orbit to 
regress by about 0.4° per century, leading 
to mass sorting in the shower (smaller 
meteoroids usually peaking earlier than 
larger ones) and introducing short-term 
resonance fluctuations which again have a 
wsize-dependent effect. 

Jovian perturbation is very selective. 









The small sector of the stream that is in the | 
| plane. Ifa DNA ring laid ina plane assumes 


vicinity of Jupiter every 11.86 years will be 
shifted by larger amounts than the rest of 
the stream. The velocities of the perturbed 
meteoroids will be changed slightly and 
they will redistribute themselves around 
the orbit, eventually fc 
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This leads us to one of emain unsolved 
questions concerning meteor streams. How 
old are they? We know that the 
Quadrantids are old enough for the 


meteoroids to have spread out fairly evenly | 


around the orbit and for the parent comet 
to have completely disappeared. But the 
Stream is still young enough to retain the 
record of slimness. If only we knew its age 
‘our ideas about stream evolution could be 
placed ona much firmer footing. a 
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DNA gyrations in reverse 


from James C. Wang 


IN the well-known double-helix structure : 


of DNA, the two strands revolve around 
each other. The topological problem of 
separating the parental strands during rep- 
lication, particularly when the double- 
stranded DNA is in the form of a ring and 


thus the complementary strands are twoin- 


tertwined single-stranded rings, was 


_ recognized more than two decades ago!-2. 


The enzymes capable of solving such topo- 
logical problems, DNA topoisomerases, 


are ubiquitous. They catalyse the transient | 


breakage of the DNA backbone and the 
passage of DNA strands through the tran- 
sient breaks? in two mechanistically 
distinct ways. The type I enzymes break 
and rejoin one strand at a time and catalyse 
the crossing of one strand through another; 
the type IT enzymes break and rejoin a pair 
of strands in concert and catalyse the cross- 
ing of a double-stranded DNA segment 
through a double-stranded break. It is not 
surprising that both types of activities are 
found in an archaebacterium Sulfolobus, 
as reported by Kikuchi and Asai on page 
677 of this issue of Nature; what is amaz- 
ing, however, is that Sulfolobus also con- 
tains an entirely new subclass of type Il 
topoisomerase®. 

Until now, two subclasses of type II 
topoisomerases had been found in 
eubacteria and eukaryotes. Bacterial 
gyrases, which fall into one subclass, are 
characterized by their ability to reduce the 
‘linking number’ of a double-stranded 


DNA ring. The term ‘linking number’ is a | 


topological quantity defined as the number 
of times one strand revolves around the 
other when the duplex ring is laid in a 


the B-helical form, 10.5 base pairs make a 


complete helical turn and the linking 


number is the total number of base pairs 


divided by 10.5. When a duplex DNA ring 


is incubated with gyrase and ATP in vitro, 


the linking number is reduced by as much | 


as 10 per cent below that of the most stable 
B-DNA structure. Gyrase achieves this 
energetically unfavourable reduction in 
linking number, termed ‘negative super- 
coiling’, by coupling DNA supercoiling to 
ATP hydrolysis. 

The other subclass of type HI 
topoisomerase includes those found in 
eukaryotes and phage T4 topoisomerase. 
These enzymes, though ATP-dependent, 
can only break and rejoin DNA to allow the 
passage of strands in such a way that the 
linking number of a duplex DNA ring 
‘relaxes’ towards that of the most stable 
DNA structure, whatever its initial linking 


| number; in this process, the chemical 


energy of ATP nystolysis is not harvested 
by the DNA. 
By contrast, the type il topoisomerase 








found by Kikuchi and Asai in Sulfolobus 
increases the linking number above that of 
the most stable DNA structure by coupling 
ATP hydrolysis to the positive supercoiling 
of DNA. ‘Reverse gyrase’, as Kikuchi and 
Asai call their enzyme, thus becomes the- 
founder member of a third subclass of type 
II topoisomerase, and an unexpected one, 
because no positively supercoiled DNA has 
ever been isolated from cells in phys- 
iological conditions. ae 
Since all three subclasses are ATP- 
dependent and catalyse the passage of one 
double-stranded DNA segment through 
another, their differences lie in the direc- 
tionality of duplex cross-over. Strand — 
passage catalysed by the gyrase and reverse — 
gyrase is directional, though opposite in 
sign, whereas strand passage catalysed by | 
the other subclass lacks directionality and- ee 
the DNA relaxes into a een “ee 
valley. : 
The discovery of reverse gyrase raisesa 
number of questions. First, is it a distinct 
enzyme rather than an altered form of a 
gyrase of the same organism that has 
somehow changed its direction of strand 
passage? Mechanistically, it is an intriguing | 
question whether directionality can be 
altered by changing the quaternary struc- 
ture of an enzyme or by modifying its - 
subunits. The scanty information that is ; 
available comes from studies with 
Escherichia coli gyrase. In the absence of 
ATP, gyrase can relax negatively super- 
coiled but not positively supercoiled DNA; 
However, a complex containing the A - 
subunit of gyrase and what is probably a 
proteolytic fragment of the B subunit of | 
gyrase, can relax both negatively and = 
positively supercoiled DNA’. Moreover, 
gyrase is stimulated to relax positively 
supercoiled DNA by the binding of the 
B ,y-imido-analogue of ATP®. Whereas 
such experiments show that it is possibleto = 
nullify the normal bias in the directionality 
of strand passage (relaxation of negatively _ 
supercoiled DNA) by the modification ofa 
subunit of gyrase, it is more difficult toen- - 
vision how strand passage could be 
switched from one direction to another by 
subunit modifications. The total lack of 
directionality in strand passage catalysed 
by phage T4 and eukaryotic type H topo- 
isomerases is as intriguing as the directional 
strand passage catalysed by the other type 
H enzymes. In the case of the eukaryotic 
type II topoisomerases, the purified en- 
zymes are homodimers. It is plausible that 
complexes between such enzymes and 
DNA have a twofold symmetry axis and 
that the symmetry abolishes any bias in the 
directionality of strand passage. The in- 
teresting question, then, is whether the bin- 
ding of additional protein factors, or the 
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anchorage of the enzyme to a surface, can 
destroy such symmetry and make strand 
passage directional. 

Is reverse gyrase unique to archaebac- 
teria? Even with hindsight, there has been 
no hint of such an enzyme in eukaryotes. 
Interestingly, however, positively super- 
coiled plasmid DNA has been isolated 
from E. coli following inhibition of its 
gyrase by novobiocin or oxolinic acid, 
although this can be attributed to the for- 
mation of a complex between DNA and 
drug-inactivated gyrase molecules'!? — 
relaxation of a DNA when it is coiled 
around inactivated gyrase molecules is ex- 
pected to increase its linking number''. 


Furthermore, DNA gyrase is overproduced | 


in cells treated with gyrase inhibitors'’, 
which might explain the slow time course 
for the formation of positively supercoiled 
E. coli plasmid DNA following the addi- 


tion of gyrase inhibitors'®. The observa- | 


tion that E. coli plasmid DNA isolated 
from temperature-sensitive gyrase mutants 
at non-permissive temperature is not 
positively supercoiled!®'3.'4 also argues 
against the existence of a reverse gyrase ac- 
tivity in E. coli. Nevertheless, the possibili- 
ty of a reverse gyrase in eubacteria or 
eukaryotes cannot be discounted. 

= Why does Sulfolobus need a reverse 
gyrase in addition to its other topo- 
isomerases? This is essentially the same 
question as why there are three topo- 
isomerases in Æ. coli!$. Whether some par- 
ticular aspects of DNA in archaebacteria 
require a reverse gyrase is unknown; even 
the state of DNA supercoiling in such 
organisms remains to be determined. 

If there is one philosophical point to be 
gleaned from the coexistence of supercoil- 
ing and relaxing topoisomerases, it appears 
to be that nature not only solves the 
topological problems that come with in- 
tertwining of strands in the double-helix 
structure of DNA, but also seems to take 
full advantage of the topological properties 
of supercoiled DNA. At least in eubacteria, 
there is strong evidence that intracellular 
DNA is negatively supercoiled, that the 
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degree of unwinding influences many vital 
cellular processes including replication, 
transcription and certain site-specific 
recombinations’, and that multiple 
topoisomerases are, perhaps, needed to 
regulate the degree (see ref.12 and refs 
therein). For eukaryotes, the first question 
is whether the evidence of their lacking 
supercoiling activity belies what actually 


occurs in vivo. Indirect evidence suggesting | 


a supercoiled state in regions or subpopu- 


lations of intracellular DNA in eukaryotes | 


etallurgy 
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has been accumulating (see, for example, 


refs 16-18). With the recent identification 
of the gene encoding yeast type H topoiso- 
merase!920 and efforts of a number of 
laboratories in the search for other gene 

encoding eukaryotic DNA topoiso- 
merases, powerful genetic tools can begin 

to complement the available biochemical 

approaches to answer this question. kd 

James C. Wang is Professor and Chairman in 

the Department of Biochemistry and Molecular 
Biology, Harvard University, Mass 02138. 





‘Heavy’ electrons in metals 


from Tony Leggett 


THE electrons in a typical metal interact 
quite strongly with the static crystalline 
lattice, with the vibrations of this lattice 
(phonons) and with one another. Many 
properties of nonmagnetic metals seem to 
be rather well explained, however, by a 
simple model, based on Landau’s model of 
a Fermi liquid, in which the effects of these 
interactions are summarized by saying that 
the electrons behave as if they had an 
effective mass, m*, which is different from 
their true mass, m, and a residual mutual 
attraction or repulsion. For almost all 
metals known until recently, the effective 
mass ratio m*/m lies in the range 0.1-10 
and the inter-electron interactions are not 
particularly strong. Great interest there- 
fore attended the discovery of a class of 
metals which appear to be described by a 
Fermi-liquid picture but which have 
effective mass ratios of the order of 200 
and, probably, correspondingly strong 
effective interactions. The interest was 
much increased when it was found that 
some of the metals of this class become 
superconducting at low temperatures, and 
is certain to be further heightened by the 
recent discovery that at least one of them, 
U,Zn,;, undergoes a magnetic phase trans- 
ition (Phys. Rev. Lett. 52, 1551; 1984). 
The systems in question are all 
compounds of a rare-earth element 
(usually cerium) or an actinide element 
(usually uranium) with one or more other 
metals: the most striking are CeAl,, 
CeCuSi,, UBe,,, UPt; and U,Zn,,. From 
an atomic point of view, what they have in 
common is that the Ce or U atoms supply 
f-electrons, which are fairly tightly bound 
to the atom and would therefore be 


| expected, in the solid, either to be strictly 


localized or to form a very narrow band, 
while the lighter elements supply p- or 
d-electrons which should be much more 
loosely bound; it seems probable that the 
electron states near the Fermi surface, 
which are expected to dominate the experi- 
mental behaviour, include both types. 
Probably the most striking experimental 
property shared by all these compounds 
is their enormous, low-temperature, 
electronic specific heats (Ca ): while Cy isto 
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a first approximation proportional to T as 
in ordinary metals, the ratio is of the order 
of 1 JK~ as against the usual value, ~ ImJ 
K~. If interpreted in the conventional. 
Fermi-liquid picture, this yields effective — 
masses of the order of 200 electron masses; 
correspondingly, the ‘Fermi temperature’ 
above which the electrons are no longer 
degenerate is of the order of 10 K, 
compared with ~ 10* K for conventional 
metals. Although this huge effective mass 
could conceivably be due simply to the 
extreme narrowness of the band formed by 
the atomic f-electrons (the p- and 
d-electrons probably have much smaller 
effective masses and so contribute little to 
the specific heat), it seems very probable 
that it also has large contributions from 
strong electron—electron interactions. 

While many of the experimental 
properties of the various compounds at 
temperatures above about 10 K are quali- _ 
tatively similar, their low-temperature... 
behaviour is strikingly different. CeAl,s 
appears to undergo no phase transition of 
any kind down to the lowest temperatures 
reached ( ~ 0.02 K); CeCu,5i, has a super- 
conducting transition which depends sensi- 
tively on such factors as preparation 
method and pressure; UBe,, and UPt, 
become superconducting at about 0.85 K 
and 0.54 K respectively; while, as the new 
paper shows, U,Zn,, undergoes a phase 
transition at 9.7 K to what appears to be an 
antiferromagnetic state. 

In trying to make sense of this bewilder- 
ing variety of behaviour it is tempting to 
turn for guidance to the one extended 
laboratory system of fermions in which we 
know that inter-particle interactions are 
very important, namely liquid He. 
Indeed, some experimental properties of 
the heavy-electron metals, particularly the 
specific heat at intermediate temperatures, 
show some striking similarities to those Q 
3He. One important feature of the 
behaviour of He that is often believed to 
be characteristic more generally of strongly 
interacting Fermi systems is the part played 
by long-lived spin fluctuations, which arise 
from the fact that the liquid is ‘nearly 
ferromagnetic’ (or ‘nearly solid’). 
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Interestingly, when liquid He becomes 
superfluid (the analogue of the super- 
conducting transition in metals) the 
.. Cooper pairs form not, as in ordinary 
“Superconductors, with total spin S and 
~< angular momentum L equal to zero, but 
with L = S = 1. As a result, 3He becomes 
an ‘anisotropic superfluid’ and has many 
unique properties. If, therefore, spin 
fluctuations are equally important in some 
or all of the heavy-electron metals, then it is 
tempting to speculate that these systems 
might become the first known super- 
conductors to form Cooper pairs like those 






in He; that is, the first (genuinely) | 


anisotropic superconductors. 
In fact, some of the experimental pro- 
perties of UPt, and UBe,, have already 


been interpreted as supporting this hypo- | 
thesis; however, it may be some time before _ 


a really clear-cut demonstration one way or 
the other is available. In this situation, the 
discovery of an apparently antiferro- 





ticularly intriguing: it demonstrates clearly 
that magnetic interactions can be extremely 
important in heavy-electron metals, yet 
simultaneously indicates that in this case at 
least they are not, prima facie, of the kind 
that is likely to give rise to anisotropic 
superconductivity. Clearly we have a lot to 
learn about the subtle interplay of inter- 
actions in these f. ascinating systems. : 
Tony Leggett is currenily. at the Institute of 


Theoretical Physics, University. of California, 
Santa Barbara, Ce 93106. 


“magnetic phase transition in U,Zn,, is par- | 
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Methods and success of nuclear — 
transplantation in mammals 


_ from Anne McLaren 


NATURE’s own nuclear transplantation 


device, the fertilizing spermatozoon, 
| provides cogent evidence for the role of the | 


nucleus in heredity. The demonstration 
that cytoplasm too has a part to play had to 


await the exploitation by Danielli and his | 


colleagues of a microsurgical technique of 
nuclear transplantation in Amoeba’. Soon 
after, Briggs and King succeeded in 
transplanting nuclei from cells of frog 
larvae into enucleated frog eggs?. Their 


initial results suggested that nuclei be- 


come restricted in potency as develop- 
ment proceeds; but in a long series of 
experiments Gurdon and his colleagues 
showed that cell differentiation does not 
necessarily result in irreversible nuclear 
changes’. Thus nuclei from differentiated 
intestinal cells of tadpoles injected into 
enucleated frog eggs can be reprogrammed 


by the egg cytoplasm so as to support the | 


development of adult frogs*; however, 
while nuclei from cells of adult frogs can 
support the development of tadpoles, the 
tadpoles fail to metamorphose into 
adults*©. The widespread belief that clones 
of adult frogs have been produced by trans- 





100 years ago 
WORK-MEASURING MACHINES 


UNDER this title a little brochure has recently 
appeared from the pen of the Rev, F. J. Smith, 


A B.A., of Taunton, in which work-measuring 





| dynamometers, or ergometers, of various forms 
are described. Amongst these machines there are 


many devised by the author himself, and some | 


of these are of considerable interest and much 
originality. 

The leading feature of this i instrument is the 
position of the spring in it. The axis of the spring 


and of the shaft coincide; the result of this is that 
it is hardly at all affected by centrifugal force. 
When springs of slight pull are used and the 
ergometer is driven at a great velocity, the 
deformation is considerable, and would 
introduce considerable error in the result. 

The deformation of the spring has been fully 
appreciated and therefore Rev. Smith has placed 
the spiral springs of his ergometer in cylindrical 
cases. When the spring is placed with its axis 
coincidental with that of the machine, no such 
error can be introduced and the friction of a 
spring against a case is avoided. 

From Nature 30, 220, 3 July 1884. 





Smith's Transmission Ergometer 





planting nuclei from adult tissue is thus 
fallacious. 

Still more fallacious, of course, is. the 
account of human cloning in Rorvik’s Jn 
His Image’. Indeed, nuclear trans- — 
plantation in mammals has proved very. 
difficult to achieve. Since a mammalian egg 
is a thousandth or less of the volume of a 
frog egg, this is hardly surprising. Micro- 
surgical techniques have been devised both ` 
to remove single pronuclei from mouse 
eggs*!°, giving haploid embryos, and to 
transplant embryonic nuclei into fertilized 
mouse eggs, giving a tetraploid chromo- 
some complement |. Both procedures are 
followed by cleavage to the blastocyst _ 
Stage, but attempts to combine the two. . 
procedures by transplanting nuclei into 
mouse eggs from which both pronuclei 
have previously been removed invariably 
lead to disintegration of the eggs (J.A. 
Modlinski,personal communication). 
Attempts have also been made to introduce | 
nuclei from eight-cell embryos into unfer- 
tilized rabbit eggs'?, either by microsurgery 
or by virus-mediated cell fusion, but the 
success rate is low, andnomorethantwoto —- 
three cleavage divisions are ever observed. 
Virus-mediated fusion of somaticcells with .— 
mouse eggs has shown equally little 
promise!3.!4, ee 

The first report of mice born from — 
nuclear transplantation came from 
Iilmensee and Hoppe'>. The trauma of 
operations on the same egg was avoided | 
injecting donor nuclei into fertilized eggs 
and then immediately sucking out the two. 
pronuclei of the recipient, using the same 
pipette. The donor nuclei were taken from ne 
blastocysts: if from inner cell mass cells, 
the recipient eggs sometimes developed to 
term but if from trophectoderm cells _ 
development did not proceed beyond mid- 
cleavage. A similar difference was reported ee 
for nuclei transplanted to non-enucleated 

















fertilized eggs to produce tetraploid — 


embryos '®: eggs receiving inner cell mass i 
nuclei developed into blastocysts, but those 
receiving trophectoderm nuclei blocked at 
the eight-cell stage. 

The microsurgical technique of 


Illmensee and Hoppe has not yet been 


successfully carried out in any other > 
laboratory, though it has been attempted > 
by at least four groups, and probably more. 

In contrast,-a technique devised by 
McGrath and Solter'’ has already been 
used with success in our own laboratory!® 
and another!’. Their technique avoids the 
necessity of penetrating the plasma | 
membrane of either the donor or the recip- __ 
ient egg by sucking out the pronuclei - 
surrounded by a piece of plasma mem- 
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brane — a karyoplast. The donor karyo- 
plast, together with some Sendai virus to 
promote fusion, is injected under the zona 
pellucida of the enucleated recipient egg, 
with which it fuses. The yield of live mice is 
very high when fertilized eggs are used as 
donors, but no successful development 
beyond the blastocyst stage has so far been 
reported with donor nuclei from older 
embryos. 

One application of the technique has 
been to exchange pronuclei between fer- 
tilized eggs of different strains, so as to 


investigate whether the basis for maternal | 


effects transmitted via the egg resides in the 
nucleus or in the cytoplasm at the time of 
fertilization. In this way expression of the 
_ stage-specific embryonic antigen SSEA-3 
-has been shown to depend on the egg cyto- 
< plasm2°, while the lethal effect of the 
~ hairpin tail mutation when transmitted 


- through the mother seems to be a property 


of the pronuclei*'. 

<- Another application has been to 
. exchange pronuclei between fertilized and 
parthenogenetically activated mouse eggs 
in an attempt to understand the mysterious 
failure of parthenogenotes, whether 
haploid or diploid, to develop to term. 
When pronuclei from eggs partheno- 
genetically activated by alcohol treatment 
were transplanted by the McGrath and 
Solter technique into enucleated fertilized 
eggs, the embryos did not survive to term; 
but pronuclei from fertilized eggs, 
transplanted into parthenogenetically acti- 
vated and then enucleated eggs, produced 
live mice!®. This result suggests that the 
defect lies in the pronuclei, not in the cyto- 
plasm. In contrast, when inner cell mass 
nuclei from parthenogenetic blastocysts 
were microsurgically transplanted into 
enucleated fertilized eggs, using as donors 
spontaneously activated LT/Sv embryos, 
Hoppe and Ilimensee reported that they 
developed normally”. 

Diploid parthenogenetic embryos are a 
special case of embryos with two maternal 
and no paternal genomes: such embryos 
can also be derived by removal of the pat- 
ernal pronucleus, followed by doubling of 
the remaining maternal pronucleus. Such 
homozygous diploids, whether formed 
from the maternal or paternal pronucleus, 
have been reported to develop to term’, but 
attempts to confirm these results have not 
been successful! 7, 

Using the McGrath and Solter technique 
to exchange single pronuclei, it has recently 
been shown that normal development does 
not follow the addition of a second mater- 
nal pronucleus to a haploid partheno- 
genote, whereas the addition of a paternal 


= pronucleus results in a viable embryo”. 


~~ Also, while a paternal and a maternal pro- 

` nucleus taken from fertilized eggs and re- 
combined will support development, two 
paternal or two maternal pronuclei fail to 
= do so. Unless some extrachromosomal 
= component of the pronucleus plays a 
_. hitherto unsuspected role in development, 
~ these two pieces of work suggest that 
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normal development requires both a 
paternal and a maternal chromosome set. 

Only when we understand the reasons 
for the developmental failure of certain 
categories of embryo will it be possible to 
assess the significance of these results as a 
whole. In attempting to resolve the 
apparently conflicting lines of evidence 
summarized above, certain points must be 
borne in mind. When pronuclei are sucked 
out with a fine pipette, some or all of the 
pronuclear membrane may remain behind 
even though the pronuclear contents are 
removed. When nuclei are transplanted, 
either by microinjection or cell fusion, 
some cytoplasm is also transferred. Eggs 
artificially activated by exposure to alcohol 
cannot necessarily be equated with spon- 
taneously activated LT/Sv eggs. Finally, 
inner cell mass nuclei cannot be equated 
with pronuclei: it may be that by the blasto- 
cyst stage, developmental potential has 
become restricted; alternatively, some 
developmental block affecting the nuclei of 
parthenogenetic eggs may have been 
overcome by this stage. 

A precedent is seen in the o maternal 
effect lethal of the axolotl. This involves a 
cytoplasmic effect such that eggs from 
homozygous females, that would other- 
wise die during gastrulation, can be rescued 
by injection of normal oocyte cytoplasm or 
nuclear sap at the one-cell stage”. Trans- 
plantation of normal nuclei into enucleated 
o/o eggs is followed by normal 
development if the donor nuclei are taken 
from mid-blastula or later embryos, but 
not if they are taken from early blastulae, 
suggesting that some heritable change 
takes place in the axolotl nucleus during the 
blastula stage7”. 

What of the future? Now that mouse 
strains carrying mitochondrial variants” 
are available, the use of recipient eggs 
carrying a mitochondrial marker will pro- 
vide unequivocal evidence that a mouse Is 
indeed derived from a nuclear transplant, 
just as the one-nucleolus marker provided 
similar certainty for amphibian nuclear 
transplantation?. The McGrath and Solter 
technique can be used to analyse any 
maternal effect exerted via the egg, and 
also perhaps to examine the roles of 
nucleus and cytoplasm in oocyte 
maturation. But only if it can be extended 
to use nuclei from later stages of 
development, or if the Illmensee and 
Hoppe nuclear transplantation technique 
can be successfully repeated, will the type 
of analysis pioneered in Amphibia also 
become possible in mammals. Does the 
developmental potency of nuclei become 
irreversibly restricted in the course of 
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differentiation? Can somatic nuclei be re- | 


programmed, perhaps by transfer through 
several successive oocyte hosts? Can even 
adult nuclei be persuaded to revert to their 


ancestral totipotent condition? If not, why | 


not? Perhaps irreversible gene rearrange- 
ments during somatic development, of the 
type undergone by immunoglobulin genes 
in the development of antibody-producing 
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B cells, are more common than we realize. 
Mammalian systems may throw light on 
these crucial questions, at prey 
unanswered even in Amphibia. 

The potential rewards in animal breed 
ing are great, with the cloning of prize- 
winning animals as the ultimate goal. 
Unless it becomes possible to use adult 
nuclei for renucleation of enucleated eggs, 
it will not be possible to clone champions, 
as such. But if large numbers of genetically 
identical embryos could ever routinely be 
produced by breeders, using inner cell mass 
nuclei to renucleate eggs, most could be 
stored in frozen form while waiting to learn 
if a champion developed from one that was 
taken to term. If so, the frozen embryos 
could be thawed and transferred to foster 
mothers as required. 

For human embryos, nuclear transplan- 
tation has a bad name because of the 
science fiction overtones of cloning; but 
for couples at risk of transmitting a genetic _ 
defect to their progeny, it could provide a 
method of screening that did not involve, 
as present methods do, termination of the 
affected pregnancies. If several eggs were 
recovered from a woman and renucleated — 
with inner cell mass nuclei from one of her 
own embryos, a few could be frozen, while 
the genetically identical remainder were 
screened for a genetic defect, by 
chromosome analysis, DNA analysis or 
other biochemical methods. In this way it 
would be possible to assure the woman that 
any embryo transferred to her uterus from 
the frozen stock would be free of the 


rq 


screened-for genetic defect. E 
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Direct land/sea correlations in the 
last interglacial complex 


Jean-Louis Turon 


Département de Géologie et Océanographie, Institut de Géologie du Bassin d'Aquitaine, Avenue des Facultés, 33405 Talence Cedex, France 





Isotopic and pollen analyses of an eastern Atlantic core permit the first direct correlation of substages Se and 5c of the - 
marine climatostratigraphical system with the Eemian and St Germain I, respectively, of the classical Grande Pile pollen 
sequence (north-east France). The vegetational sequences during the warm intervals of the last interglacial complex 
(125,000-75,000 yr BP) indicate that climatic deterioration occurred late on the mid-European continent after the initiation 


of glaciation over continental masses in high latitudes. 





IN the reconstruction of the global climatic patterns of the 


“the correlation of deep-sea records and of continental data is 
of the first importance. Because the 5'*O signal in continuously 
deposited deep-sea records is chiefly determined by global ice- 
volume’”, it is globally synchronous in the open oceans and 
thus provides a basic climatic stratigraphy for oceanic events. 

Unfortunately, land-based records cannot be easily correlated 
with the oceanic records. First, there are several independent 
climatostratigraphical systems’ based on palynological data, 
studies of loess-soil succession and of the geomorphological 
and sedimentological features of terraces and moraines. Second, 
because many of the data extend beyond the '*C time scale, 
their chronology is only poorly controlled, Finally, the discon- 
tinuity of continental records impedes inter-regional correla- 
tions. The result is that there is no reliable linkage between 
continental units and the now-standard oceanic '°O suc- 
cession’, 

This is true even for the last interglacial period (125,000- 
73,000 BP), which most closely resembles the present in climate 
and which might serve as a guide to future climatic conditions. 
-Thus, in palaeoceanographic studies, oxygen isotopic data**, 
changes in marine faunal assemblages”'?, and carbonate 
curves’, show that the last interglacial interval®:??!+!* 
(125,000-75,000 yr BP), which was the last globally warm period 
before the present, was characterized by a succession of three 
main warm phases separated by two cold phases. This palacocli- 
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In the oxygen isotope stratigraphy, the last interglacial interval 
be etai § (ref. 5) in which the ol dest 

bstage Se; ref. 7) can be regarded 
as the warmest period whole interglacial complex and at 
least as warm as tod: igmentary continental records have 
revealed that a climate as warm as the present one certainly 
occurred during the Eemian stage in northwestern Europe. On 
the basis of similarities between climatic conditions recorded 
in deep-sea cores and continental sequences, Shackleton’ first 
suggested that the northwestern European Eemian interglacial 
was the continental equivalent of substage 5e. But now it seems 
that in moraine systems there were three stratigraphically separ- 
ate Eemian interglacials**, and that numerous truncated Eemian 
deposits (including the type Eemian of the Netherlands) cannot 
be correlated with stage Se. In fact, the best and most complete 
climatic succession through the last interglacial complex has 
~~ been obtained later from the long continental sequences of 
Grande Pile (northeastern France)? and Tenagi Philipon 
(northern Greece)”. These sequences reveal that there was a 
succession of three warm intervals during the interglacial, as 











subdivision (Shacklet 







observed in the deep-sea record. Nevertheless, the striking. 


resemblance between the climatic evolutions observed in both 


succession of glacial and interglacial periods of the Quaternary, | 


_ with the oceanic stratigraphical framework of the last interglacial 


prae 





land and sea sequences does not necessarily imply precise syne > 
chronism between the successive parallel climatic events. - 
Indeed, discrepancies remain concerning the real correlation of | 

French Eemian, Greek Pangaion and subsequent warm periods. 
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In view of the difficulties which are encountered in continenta 
sequences, marine palynology seems to offer the most valuable- 
method for direct land/sea correlations. It has recently been. 
shown that pollen and spores contained in deep-sea sediments 
neighbouring coasts may indeed reflect the adjacent continental. 
vegetation’***. Moreover, marine palynological sequences 
without major lacunae can be directly correlated in situ with- 
deep-sea isotope stratigraphy. Thus core records from the north. 
eastern Pacific” and Bay of Biscay*® permit direct marine/con- 
tinental correlation between events of the last deglaciation = 
(20,000 yr BP-present). In the same manner, off the Washington— x 
Oregon coast’! and in the Arabian Sea”, the correlation of the | “a 
vegetational evolution of the last interglacial complex with the _ 
isotopic subdivisions of stage 5 has also been demonstrated: 

By means of palynological studies from a deep-sea core 
located off Iberian coasts in the Atlantic ocean, I aim here 
(1) To determine, for the first time, the vegetational and 
palaeoclimatic evolution of the adjacent southwestern European 
continent during the last interglacial complex. = 
(2) To correlate continental events recorded in the present 
study, during isotopic substages Se, 5d and 5c, with the lo 
part of the continuous palynological diagram from the G 
Pile peat-bog, which is today the nearest continental site to the 
deep-sea record studied. — | DER 
(3) Thence, to correlate directly the lower part of Grande Pile o 
sequence with the standard isotope 6'*O stratigraphy, which __ 
has been established in the marine core. UE 
(4) To determine precisely the relation between the onset of ice __ 
growth phases in polar areas and the continental response in 
southwestern Europe to climatic changes, which occurred at the - 
transition between warm isotopic substages Se, 5c and the full 
glacial conditions of substages Sd and 5b. 













Isotope and pollen records in core SU 8132 


Core SU 8132 was recovered near the continental slope 100km = 
off the Iberian coast, near the Spanish-Portuguese border 
(42°06'N, 09°41’W, 2,280 m). As has already been shown in the 
Bay of Biscay*®, deep-sea sediments at the same distance from 
vegetated landscapes, contain numerous pollen and spores, the 
distribution of which reflects the regional vegetation of the 
adjacent continent. 

Oxygen isotope records were made on the basis of analyses 
of the planktonic foraminifer Globigerina bulloides (> 250 um 
fraction)”. Because benthic 5'*O records are less influenced by 
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Fig. 1 Oxygen isotope, 880, record of planktonic foraminifer 

Globigerina bulloides (solid curve) and benthic foraminifers after 

normalization to Uvigerina peregrina (dotted curve) in core SU 
8132, after J. C. Duplessy (personal communication). 


 Jocal effects than planktonic ones’, benthic foraminifera were 
= also analysed to obtain a better isotope stratigraphical 
< framework, primarily reflecting global ice volume evolution at 
high latitudes”, 
The 8'0 record (Fig. 1) shows that core SU 8132 represents 
a high sedimentation rate and gives a long continuous sequence 
with the classical development of Emiliani’s stages” from 6 to 
ik Unfortunately, during stage 5, Shackleton’s upper substages’ 
-Sb and 5a are difficult to determine because of the low rate of 
sedimentation at that time, and/or the disturbed nature of the 
sediment. By contrast. (Fig. 2), substage Se is well developed 
from 680 to 580 cm, representing a high sedimentation rate for 
this period (100 mm kyr™'). The glacial/interglacial change at 
the 6/Se boundary is marked by a major shift at 680 cm corre- 
sponding to Termination I] of Broecker and Van Donk"*. Sub- 
tage Sc is also identifiable between the two major ô 80O increases 
540 cm (substage 5d) and 490cm (lower boundary of 5b). 
iere is another major 5'°O shift vorresponding to the stage 
E aep 3 e at 420 cm. 

























In core SU 8132, payiea: ek had weal been applied 
to the interval between stages 6 and 3. Samples were treated 
according to classical methods: HCI, HF and heavy liquor, and 
sieving on 15-20 um mesh. Some 100-200 grains were cour 
(excluding Pinus (pine) pollen). To delete the. overrepresenta- 
tion of Pinus pollen grains that affects pollen profiles in marine 
sediments?’ , percentage evaluations on Fig. 2 were based on the 
total pollen grains, including AP (arboreal pollen minus Pinus 
pollen), and NAP (non-arboreal pollen) and spores of ferns. 
The pollen diagram shows warm intervals in which temperate 
tree pollen dominates, alternating with cool intervals in which 
non-arboreal pollen is relatively more important. 

At the end of stage 6, pollen spectra reflect an open cool 
vegetation (Graminae, Cyperaceae, Ericaceae, rare Artemisia 
and other Compositae) representing up to 95% of the basic sum. 
Arboreal pollen (except for Pinus) is very rare. At the boundary 
of stage 6/ substage Se, Termination II is very well marked by 
the immigration of Betula (birch) and the first appearance of 
Quercus (oak) (pollen zone 2). The early part of substage Se is 
characterized by the maximum relative value of Quercus (pollen 
zone 3). Abundant Quercus is accompanied by a noticeable 
increase in Carpinus (hornbeam) (pollen zone 4), followed in 
the latter part of substage Se by the well-marked development 
of Abies (fir) and a slight spread of Betula (pollen zone 5). At 
the 540-cm level, the pollen profile reflects the return of cold 
conditions with a major drop in the AP curve directly correlated 
with the cold event 5d (pollen zone 6). The sharp 8'50 decrease 
which followed (substage 5c) is characterized by the dominance 
of temperate tree pollen, with an early Quercus—Carpinus suc- 
cession accompanied by a slight increase in Abies (pollen zones 
7, 8 and 9). 

Another short-lived disappearance of temperate forest occurs 
in pollen zone 10. Pollen zone 11 is: characterized by a slight 
immigration of Quercus, but the landscape is dominated 
throughout by herbaceous plants. As has been previously noted, 
the sedimentary sequence of this part of core SU 8132 seems 
disturbed and, therefore, the vegetational record could be either 
discontinuous or mixed. 

Pollen zones 12 and 13 at the top of the sequence show an 
alternation between assemblages without forest development, 
which corresponds to stage 4, and an increasing proportion of 
temperate trees ( Betula, Quercus, Abies) correlated closely with . 
the early part of stage 3. 

Thus marine pollen analyses from core SU 8132, being directly 
correlated with oxygen isotope stratigraphy, show for the first 
time that during the early and middie part of stage 5, the 
palaeoclimatic evolution of the neighbouring western Iberia was 
characterized by a succession of two warm phases (Se = pollen 
zones 2-5; 5c = pollen zones 7-9) separated by an abrupt and 
very cold interval (5d = pollen zone 6). 

Moreover, during the two older warm periods of stage 5 (Se 
and Sc) a logical succession is observed in the immigration of 
various temperate trees starting after the glacial episodes (6 and 
5d)—early development of Betula soon replaced by the immigra- 
tion of Quercus, then marked extension of Carpinus and a late 
increase in Abies. This vegetational evolution is in good agree- 
ment with the main criteria taken in continental pollen sequences 
to charcterize, from a palynological point of view, a complete 
interglacial cycle***”“°. By comparison, the early part of stage 
3, which is marked by the simultaneous immigration of Betula, 
Quercus, Abies and lack of Carpinus, must be interpreted as an 
interstadial period. 

It can be seen that the pollen assemblages from substage 5e 
and the pollen assemblages from substage Sc are generall 
similar but Se slightly differs from 5c in the more important role’ 
of Abies in the latter part of the episode. 


Correlation with continental sequence 

Many continental sequences covering the last interglacial cli- 
matic cycle in northwestern Europe have been studied by means 
of pollen analyses*'“*®, They indicate that a warming period, 


for example, the classical al Eemian‘™ ir in | Holland, ‘acourred: : 
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Fig.2 Direct correlation of 8'*O. stages with the continental sequence of Grande Pile by means of the marine palynological sequence of core 
SU 8132. Continental. sequence after ref. 20. Benthic and planktonic 6'*O after J. C. Duplessy (personal communication). In the marine 
Sequence, the relative. frequency for pollen of tree species is expressed as a percentage of the total pollen +spores, excluding pine pollen. 


below the last Weichselian glaciation. Unfortunately, few con- 
tinental deposits apparently contain a continuous pollen record 
extending over the entire last interglacial complex. Lack of 
evidence for a complete record of subsequent climatic evolution 
up to the present interglacial, and absence of accurate absolute 
dating methods have often posed the problem of their real place 
m the interglacial/glacial succession of continental climato- 


sequences known at present is from the Grande Pile in north-east 


France”. Figure 2 shows that between the end of a long glacial 


period (? Saale, ? Warthe) and the beginning of the Wiirm 
glaciation, which is gadiometrically dated at ~70,000 yr BP (ref. 
50) there were three temperate intervals, namely Eemian, St 
Germain I and St Germain II, separated by two very cold phases, 
Melisey I and Melisey II (Fig. 2). Furthermore, the early warm 
period (Eemian) is characterized by the successive extension of 
the tree species Betula, Quercus, Carpinus, and Abies, very similar 
to that recognized in core SU 8132 during isotopic substage Se. 
In the Grande Pile record St Germain I slightly differs from the 


Eemian mainly in the lack of Abies, in the same manner that. 
the development of Abies in marine substage 5c is less important 


than in 5e. As in the marine record during 5d, palynological 
evidence from Grande Pile shows that Melisey I was an abrupt 
and very cold period which separated the two older warm 
intervals of the interglacial complex. However, some Eemian 
and St Germain I interglacial features do not occur in the 
deep-sea record: there is a lack of Picea (spruce) and Corylus 
Ahazel) phases, and a lower species diversity of herbaceous 
xa. These can be explained by taking into account the southerly 









and a similar general succession of vegetation landscapes as in 
north-east France and there now seems to be no doubt that 
_ Woillard’s Eemian and St Germain I interglacial periods corre- 


 stratigraphical systems****. One of the best and most complete 


position of core SU 8132, the selective effect of the regional (but 
“not local) origin and marine transport processes of the marine 
pollen assemblage”. Therefore, despite some slight differences, - 
the marine pollen diagram exhibits the same climatic trends, 


spond, in core SU 8132, to substages Se and Sc respectively, and oS 
that Melisey I correlates closely with substage Sd. i 
Despite some controversies in earlier estimates! 55 there 
is now general agreement on assigning dates of ~125,000 and | 
75,000 yr BP to Emiliani’s stage 6/5 and 5/4 boundaries respec- 
tively’*°°. Radiometric dating of coral terraces'*, and 5'8O time - 
scales determined by assuming a constant sedimentation rate, 
are so similar that a correlation of the three 5'°O minima Se, 
5c, 5a and high sea level stands on Barbados at about 125,000, 
104,000 and 80,000 yr can be demonstrated’. Therefor 
extrapolated ages for the two cold peaks (5d, 5b) can be esti- 
mated as 110,000 and 90,000 yr BP, respectively. “ae 
These peaks are synchronous within the mixing time of the 
world’s ocean waters, and the marine palynological evidence of 
SU 8132 allows us to conclude that Woillard’s Eemian and St 
Germain I interglacials are correlated with Barbados I and 
Barbados II, while the lower boundaries of Melisey I and II 
can be placed at ~115,000 and 95,000 yr BP respectively. i 
This direct correlation between deep-sea chronology and the > 
lower part of the continental stratigraphical sequence from 
Grande Pile confirms and gives precision to the previously 
hypothetical correlations suggested by Woillard and Mook for 
this interglacial complex. Conversely, the results of the present 
study invalidate correlations of the Eemian interglacial with the _ 
whole of stage 5 or with substages Se, 5b, 5c combined, as 
suggested by Morner’>*4. 


Continental vegetation and ice sheet growth 


In core SU 8132, the oxygen isotopic curve based on benthic ae 
foraminifera shows that after a well marked minimum in the 








lower part of substages Se and Sc, 5'°O values began to increase. m 
_ within the middle part of these two warm interglacials long 
before the onset of glacial substages 5d and 5b (Fig. 2). This 


would indicate that an early phase of ice growth took place in 
polar latitudes before the end of both Eemian and St Germain 
I time. From numerous North Atlantic cores, Ruddiman et al5” 








observed a similar trend across both Se/5d and 5a/4 transi- 
tions. 
"Moreover, pollen data from core SU 8132 (Fig. 2) clearly 
indicate that the beginning of each ice growth (at 610 and 
~ $20.cm) is directly correlated with pollen zones 4 and 8 respec- 
“tively, which are both characterized by the spreading of Car- 
< pinus. From pollen assemblages recorded in continental deposits 
during past interglacials it appears that the classic Carpinus 
~ phase is often marked by the presence of thermophilous plants 
-such as Ilex, Buxus, Hedera and Viscum*®*-*!47°°, Thus, it may 
be assumed that the Quercus—Carpinus vegetational succession 
does not indicate climatic deterioration but, on the contrary, 
general stability of warm temperatures during the climatic 
optimum of each interglacial period. According to Andersen” 
this classical succession of vegetation landscapes could be condi- 
-tioned by soil evolution rather than by climatic change. In fact, 
from the SU 8132 sequence it appears that temperatures in 
_ southwestern Europe probably began to decrease only with the 
“immigration of Abies, which occurred at the end of both inter- 
glacial intervals, but that full glacial conditions, marked by high 
amounts of herbaceous plants, did not start before major ice 
volumes had been accumulated in Arctic zones during substages 
_ Sd and Sb. All these data indicate that the initiation of Boreal 
z jee caps, during the second half of the Eemian and St Germain 
-1 interglacials, did not correlate with a temperature decrease in 
- southwestern Europe, probably because an ice cover was not 
yet established over Scandinavia. 
This pattern agrees well with the evolution of palaeotem- 
= peratures in the northeastern Atlantic ocean at interglacial to 
© glacial transitions during stage 5. By means of matched isotopic 
and marine faunal data, Ruddiman and McIntyre” pointed out 
-~ the existence between 40° N and 60° N of warm, eastern North 
= Atlantic sea-surface temperatures during the first half of rapid 
“ice growth. They speculated that along with low summer insola- 
“tion, which occurred at the Se/5d and 5a/4 transitions, an 
‘interglacial’ warm Atlantic Ocean might be a necessary condi- 


+ 









Received 29 December 1983, accepted 3 May 1984. 


. Olausson, E. Prog. Oceanogr. 3, 221-252 {1965}. 

. Duplessy, J. C. in Climatic Change (ed. Gribbin, J.) 46-47 (Cambridge University Press, 
1978). 

3. Kukta, G. J, Earth Sei Rev. 13, 307-374 (1977}. 

4, Bowen, D. Q. Nature 277, 171-172 (1979). 

5. Emiliani, C. J. Geol. 63, 538-578 (1955). 

6. Emiliani, C. J. Geol. 74, 109-126 (1966). 

7. Shackleton, N. J. Proc. R. Soc. B474, 135~154 (1969). 

8 

9 

iG 


hee 


, Shackleton, N.J. Phil Trans. R. Soc. BBO, 169-182 (1977). 
. Melntyre, A. & Ruddiman, W, F. Quai. Res. 2, 350-354 (1972). 
. Melntyre, A, Ruddiman, W. F. & Jantzen, R. Deep Sea Res. 9, 61-77 (1972). 
iOO ih Ruddiman, W. F. & Mcintyre, A. Mem. geol. Soc. Am. 148, 111-146 (1976). 
42. Kennett, J. P. & Hoddlestun, P. Quat. Res. 2, 384-394 (1972). 
13. Hays, J. D. & Perruza, A. Quat. Res. 2, 355-362 (1972). 
14. Broecker, W. S. & Van Donk, J, Rex. Geophys. Space Phys. 2, 169-191 (1970). 
15. Shackleton, N. J. & Matthews, R. K. Nature 268, 618-620 (1977). 
t6, Dansgaard, W., Johnsen, $. J., Clausen, H. B. & Langway, C., C. Jr in Late Cenozoic Glacial 
Ages (ed. Turekian, K. K3 37-56 (Yale University Press, 1971). 
17. Johnsen, S. J, Dansgaard, W., Clausen, H. B. & Langway, C. C. Jr Nature 235, 429-434 
(1972). 
18. Broecker, W. 5. ef al Science 189, 297-300 (1968). 
19. Mesolella, K. J, Matthews, R. K., Broecker, W. S. & Thurber, D. L. J, Geol. 77, 250-274 
{1969}. 
20. Woillard, G. M. Quat. Res. 9, 1-21 (1978). 
71. Wijmstra, T. A. Acta bot. neer, 18, 511-527 (1969). 
22. Wijmstra, T. A, & van der Hammen, T. Geologie Mijnb, 53, 386-392 (1974). 
43. Morner, N. A. Quar Res. 2, 341-349 (1972). 
: 24. Momer, N. A. Boreas 16, 463-470. (1981). 
os 23, Wolllard, G. Bull, Sec, belge geol 88, 51-70 {1979}. 
<.. 36 Turon, L L. thesis, Univ. Bordeaux (1981). 
ciO Yh Heusser, L- E in Introduction to Marine Micropaleontology, 327-339 (Hacq & Boersma, 
| New York, 1978). | 
i Rossignol-Strick, M. & Duzer, D. Met. ForshchErgebn. C30, 1-14 (1979). 
20. Heusser, C. J. & Florer, L. E. Quar. Res. 3, 661-670 (1973). 
30: Duplessy, J. C, Delibrias, G., Turon, J, La Pujol, C. & Duprat, J. Palaeogeogr., Paiaeo- 
_ ¢limaiot; Palaeoecol. 35, 121-144 (1981). 
. Heusser, L. E. & Shackleton, J. J. Science 204, 837-839 (1979), 










tion for delivering moisture to high latitude areas, thereby 
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leading to the initiation of extensive glaciation. 

Moreover, according to Royer et al., the cooling linked. 
the insolation change, which occurred around 115,000 yr 
was not uniformly distributed over the northern high latitudes, 
but has a well defined maximum, combined with increased 
precipitation, over North America. These data suggest that initial 
high-latitude glaciation was established on the western side of 
the North Atlantic Ocean. In this context, evidence from the 
SU 8132 record indicates that the initiation of the Laurentide 
ice sheet did not cause a temperature decrease in southwestern 
Europe, and probably excluded the simultaneous inception of 
ice caps in Scandinavia. It is only later, at the end of the inter- 
glacial periods, that the disappearance of Carpinus forest and 
extension of Abies phases probably indicates the mid-European 
continental response to the onset of glaciation over Scandinavia. 

Finally, the present study provides additional data on a 
parallel climatic evolution between the eastern North Atlantic 
Ocean and the adjacent European continent, and on the diach- 
ronous inception of ice caps on either side of the North Atlantic 
Ocean. This pattern agrees well with a drop in sea level during 
the Eemian while the contemporaneous climate in western Nor- 
way probably inhibited the growth of any large ice-masses i . 
Scandinavia“, A marked cooling of sea-surface temperatures, 
which occurred in the western North Atlantic and in the North 
Pacific®', while both the eastern North Atlantic and the adjacent 
European continent remained warm, could probably be regar- 
ded as a natural trend which might have later promoted the 
transition to full glacial conditions in the Northern Hemisphere. 
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Reverse gyrase—a topoisomerase which 
‘+ Introduces positive superhelical turns into DNA 
Akihiko Kikuchi & Keiko Asai 


Mitsubishi-Kasei Institute of Life Sciences, 11 Minamiooya, Machida-shi 194, Tokyo, Japan 


An enzymatic activity which converts closed circular DNA into a positively supercoiled form is present in cellular extracts 
of Sulfolobus, an acidothermophilic archaebacterium. This novel enzyme is a type II DNA topoisomerase and is active 
only at temperatures > 55°C, in the presence of ATP and Mg**. 


THE topological state of DNA’ affects its replication*”, recombi- 
nation**, gene expression mediated by transcription’* and 
nucleosome assembly’''. DNA topoisomerases have been 
detected in a variety of organisms’ and have been characterized 
and classified into two categories: type I topoisomerases 
transiently cut one of the two DNA strands to change the linking 


\ number in steps of one and type II topoisomerases act by means 


of a transient double-stranded break, which results in changing 
the linking number by two steps at a time. In eukaryotic cells, 
the type I enzyme, the so-called ‘nicking—closing’ enzyme, is 
predominant. This enzyme acts on both negatively and positively 
supercoiled DNAs, removing their superhelical turns. An ATP- 
requiring type II topoisomerase was first discovered by its par- 
ticular ability to catenate and decatenate'*'* or to unknot the 
entangled DNA rings'*'*. This type II enzyme can also remove 
both negative and positive superhelical turns from DNA. In a 
typical bacterial extract, two types of topoisomerases are detec- 
ted: w-protein (type I) which relaxes negatively but not positively 
supercoiled DNA, and DNA gyrase (type II) which introduces 





otes or prokaryotes. We surveyed topoisomerase activities in 
extracts of Sulfolobus, an acidothermophilic archaebacterium, 
and found two remarkable features. First, in contrast to other 
organisms, ATP-requiring type II topoisomerase activities 
prevailed and were easily fractionated into three different enzy- 
matic preparations, while type I topoisomerase activity was 
negligibly small. Second, one of the type II topoisomerases was 
able to introduce positive superhelical turns into DNA. We have 
tentatively named this new enzyme reverse gyrase and discuss 
possible implications of its biological function. 


Identification of topoisomerases 


Topoisomerase activities were surveyed in the following four 
conditions: (1) Relaxation of negatively supercoiled DNA was 
measured in the presence of EDTA, to detect eukaryotic type 
I nicking—closing activity. (2) The same conditions as for condi- 
tion (1) but Mg?* was added instead of EDTA, to detect w-like 
activity (type I). (3) The same conditions as in condition (2) 


negative superhelical turns into DNA’. : 
Archaebacteria are believed to be a third type of organism’ ’ 
which have various characteristics distinct from those of eukary- 


except that | mM ATP was included (type II). (4) Supercoiling 
of relaxed DNA was assayed in the presence of ATP and Mg”*, 
to detect a gyrase-like activity (type II). 


Fig. 1 Fractionation of topoiso- 
merase activities. Lane 1, the activity 
Xy in the crude extract; all the other 
lanes show the activity in each frac- 
tion of the column. 
Methods: The Sulfolobus acidocal- 
darius strain 7 (FERM P-7137, Fer- 
mentation Research Institute, Japan) , s_n 68 8 Se ee ee ee 
used in this study was similar but not 
identical to S. acidocaldarius strain 
DSM 639 (ref. 32). The antiserum 
raised against pure RNA polymerase 
of the strain DSM 639 (provided by 
Dr W. Zillig) cross-reacted with that 
of our strain 7, although the 
molecular weights of each subunit 
examined by SDS-polyacrylamide 
gel electrophoresis were not identical 
between the two strains (unpublished results). Cells were grown at 75 °C for 24 h with aeration in medium containing 0.1% yeast extract, 0.1% 
polypeptone, 0.1% casamino acids, 0.1% glucose, 0.2 g1~' NaCl, 1.3 g 17' (NH4):S04, 0.3 g 17' KH, PO,, 0.25 g1~' MgSO,, 0.07 g1~' CaCl, and 
2.5-5 ml 1M H,SO, to adjust the pH to 3.0. About 1.7 g (wet weight) of cells obtained from 21 of culture were suspended in 50 mM Tris-HCI 
pH7.5, 10% sucrose, I mM EDTA-Na, and 10mM £-mercaptoethanol and disrupted by three cycles of freeze-thawing. Two successive 
centrifugations were done, first at 12,000 r.p.m. for 30 min to remove cell debris, then at 40,000 r.p.m. for 2h to obtain a clear supernatant 
(crude extract). The crude extract was adsorbed to a DEAE-Sephacel column (1.2 x6 cm) in the same buffer as above except that 10% glycerol 
was used instead of 10% sucrose, then fractionated with a linear gradient from 0.025 M to 0.5 M NaCl. Topoisomerase activity in each fraction 
was measured in a standard assay mixture (35 mM Tris-HCI pH 7.5, 1.8 mM spermidine-(HC}),, 0.14mM EDTA-Na,, 5 mM dithiothreitol, 
a 24mM KCI, 10mM MgCl, I mM ATP, 90 ug ml™' tRNA and 8.7 pg ml~' of negatively supercoiled pBR322 DNA as a substrate) at 65 °C 
for | h. The reaction was stopped by adding 1% SDS, 10 mM EDTA-Na, and 5% glycerol, and the relaxation in superhelicity of pBR322 DNA 
was monitored by 1% agarose gel electrophoresis at room temperature in 89 mM Tris-base, 90 mM boric acid, 2.5 mM EDTA-Nay. A ladder 
of DNA bands, each representing one topoisomer, was visualized after gels were stained in 0.5 pg mi~' EtBr. The three peak fractions of 
relaxing activities shown here were pooled separately and adsorbed to a phosphocellulose column (0.6 x 5.5 cm) equilibrated with 20mM 
K-phosphate pH 7.0, 10 mM #-mercaptoethanol, 0.1 mM EDTA-Na, and 10% glycerol. A linear gradient of NaCl (0-1.0 M) was applied to 
recover the topoisomerase activities. The active fractions Fr.2, Fr.3, Fr.4 and Fr.5 (described in Table 1) were dialysed against 50 mM 
Tris-HCI pH 7.5, 0.1 mM EDTA-Na;, 10mM -mercaptoethanol and 50% glycerol, All steps were carried out at room temperature. Each 
fraction was stored at —20°C and remained active for 2 yr. 
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Table 1 Properties of the topoisomerases found in Sulfolobus 
Relaxation Relaxation j 
of of yb 
DEAE- Phospho- negative positive Linking — 
Sephacel cellulose Require- super- super- Unknot- Catena- Super- number 
(NaCl,M) (NaCl,M) MWx10° ment coil coil ting tion coiling change 
Fr.2 0.1-0.15 0.4-0.5 200 Mg, ATP +++ +++ + +++ ++ 2 
Fr.3 0,15-0.3 0 330 Mg + + = -- _ - l 
Fr.4 0.15-0.3 0.6-0.7 500 Mg, ATP + + + — + + ++4 2 
Fr.5 0.3-0.5 0 460 Mg, ATP +++ + ++ + ++ _ - 2 





The molecular weight (MW) of each topoisomerase activity was estimated by sedimentation in a 20-40% glycerol gradient at 45,000 r.p.m. for 
20h with the following internal markers: B-galactosidase, bovine serum albumin, haemoglobin and cytochrome c. The relaxation of positively 
supercoiled DNA was tested by adding excess EtBr to the standard assay mixture (see Fig. | legend). EtBr was extracted with n-butanol before 


agarose gel electrophoresis. The product of Fr.4 enzyme was also used as a positively supercoiled substrate. Unknotting activity 


'4 was detected in 


the standard assay condition at 65°C using knotted DNA extracted from P4 defective (tail-less) particles. A DNA band appeared at the position 
corresponding to the size of the P4 relaxed circle in the presence of ATP, whereas without enzyme or ATP no discrete bands were obtained. When 


incubation was at 75 °C, knotted DNA was pretreated with T4 DNA ligase to seal nicks at the cohesive ends'* 


occurred. Catenating activity’ 


, otherwise a non-enzymatic reaction 


213 was judged from the DNA remaining at the top of the gel (see Fig. 3c, lane 4, for example), which was visualized 


as large aggregates under the electron microscope. Decatenating activity was measured by using these aggregates as a substrate. 


As Sulfolobus grows at ~75°C and not at temperatures 
<60°C, incubation was at 65-75°C for lh, after which the 
reaction was stopped by adding EDTA and SDS at room tem- 
perature, and the change in the linking number of closed circular 
DNA was monitored by agarose gel electrophoresis. No enzy- 
matic activity in the crude extract was evident in conditions (1), 
(2) or (4), whereas a small amount of activity was detected in 
condition (3). 

The crude extract was fractionated by DEAE-Sephacel 
chromatography. Figure | shows that activities in condition (3) 
above which relaxed negatively supercoiled DNA were detected 
in three separated fractions (Fr.). Each peak fraction was pooled 
and applied to a phosphocellulose column for further purifica- 
tion. The first peak and the third peak of the DEAE-Sephacel 
column exhibited single activities (Fr.2 and Fr.5), both requiring 
ATP. The second peak was divided into two fractions, one (Fr.3) 
active in the absence of ATP and the other (Fr.4) requiring ATP. 
The relaxation activity of each fraction sedimented at a unique 
position on glycerol gradient centrifugation, from which the 
molecular weight of each enzyme was estimated. Other activities 
such as supercoiling, unknotting of knotted P4 DNA'*'* and 


catenation'*:'*:'*, were assayed for each enzyme preparation. 
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Fig.2 Topoisomerase activity in Fr.4. a, Determination of the concentrations of Mg** 


The activity in Fr.4 is the main subject of this paper. The 
characteristics of the other topoisomerases are briefly summar-__4__ 
ized in Table | and will be reported in detail elsewhere. 


Staggered ladders of DNA topoisomers 


The enzymatic activity in partially purified Fr.4 was absolutely 
dependent on the addition of Mg** and ATP (Fig. 2a), and was 
demonstrably a type II topoisomerase'’. The Fr.4 enzyme 
relaxed a DNA of unique negative superhelicity by two linking 
number changes at a time (Fig. 2b, lane 3). When relaxed DNA 
was used as a substrate, Fr.4 was able to introduce superhelical 
turns into DNA (Fig. 2c), showing ladders (a set of DNA 
topoisomers with different superhelicities) migrating more 
rapidly on agarose gel electrophoresis'’. However, this gyrase- 
like activity was not evident at all with a DNA substrate of a 
defined negative superhelical density. Figure 2b, lane 3, shows 
that the Fr.4 enzyme could not negatively supercoil this substrate 
further but only relax it. By contrast, a more negatively super- 
coiled band was formed by the Fr.2 enzyme (Fig. 25, lane 4), 
which served as a control for the gyrase activity. Furthermore, 
the position of each band of the ladders formed by the Fr.4 
enzyme was slightly different and staggered compared with thw 


F 





, ATP and KCI optimal for Fr.4 activity. Each component 


was omitted from the standard assay mixture and then various amounts were added as indicated. Lane 1, pBR322 (negatively supercoiled 
topoisomers). Lanes 2-6, effect of Mg** concentration (0, 5, 10, 15 and 20 mM added in lanes 2-6, respectively). Lanes 7-11, effect of ATP 
concentration (0, 0.1, 0.2, | and 2 mM, respectively). Lanes 12-15, effect of KCI concentration (0, 50, 100 and 150 mM, respectively). b, Change 
of the linking number. A DNA band corresponding to a unique negative superhelicity was extracted from the ladder in agarose gel, and 
incubated with Fr.4 in conditions chosen to produce as minimal a change in linking number as possible. pBR322 DNA with a unique 
superhelical density (lane 2) was incubated with Fr.4 (lane 3) or Fr.2 (lane 4). The Fr.2 enzyme serves as a control demonstrating the linking 
number change by +2 and —2. Lanes | and 5 represent markers of negatively supercoiled topoisomers of pBR322. c, Supercoiling 
activity. Relaxed pBR322 DNA (lane |) was used as a substrate in the standard condition and was incubated with Fr.4 at 65 °C (lane 2) or 
75 °C (lane 3). 
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Fig. 3 Staggered ladders formed by Fr.4 enzyme. a, The time course of Fr.4 activity was monitored in standard assay conditions using 0.3 ug. 
of Fr.4 protein and 0.26 pg of negatively supercoiled pBR322 DNA as a substrate. The reaction was stopped at the time indicated at the top 

of the column: 0, 10, 20, 30, 40s, then I, 2, 5, 10, 30, 60 min. The lane labelled M shows negatively supercoiled topoisomers ‘of pBR322 
prepared by yeast nicking-closing enzyme. b, Fr.4 activity was examined by changing the enzyme concentration. The amount of protein in 
each reaction mixture was (lanes 1—4, respectively): 0.15 pg, 0.03 Hg, 0.015 pg and 0.003 ug. c, Interconversion of staggered ladders by other 
topoisomerases. Lane 1, a set of negatively supercoiled pBR322 topoisomers prepared with Fr.2 (standard ladder), Lane 2, Fr.4 was added to 


ae the sample prepared as in lane | and incubated further. The ladders were staggered. Lane 3, the reaction product of Fr.4 (staggered ladders). 


ge - PBR322 DNA. All the other lanes 





Lane 4, Fr.2 was added to lane 3 and incubated further. The ladder converted to the standard one and the catenated DNA also. Lane 5, same 
as lane 3. Lane 6, Fr.5 was added to lane 5 and incubated further. Lane 7, same as lane 3. Lane 8, yeast nicking-closing enzyme was added. _ 
to lane 7 for further incubation at 30°C. Lane 9, E. coli w-protein was added to lane 7 for further incubation at 37°C. Lane 10, a set of 
negatively supercoiled pBR322 topoisomers prepared by yeast nicking~closing enzyme (standard ladder). d, Catalytic nature of the enzyme. 
pBR322 DNA (0.26 pg) was included in each reaction mixture, while the amount of protein in the purified enzyme fraction was (lanes 2 to 7, 
respectively) 0.012 yg, 0.006 pg, 0.003 ug, 0.0015 ug, 0.0006 ug and 0.0003 pg. Lane I serves as a marker of negatively supercoiled topoisomers 
of pBR322 prepared by yeast nicking~closing enzyme (at 30°C for 10 min). Note that a nicked circle, a relaxed circle, and supercoils with 
one positive turn and with one negative turn overlap with the two topmost bands of the ladders. The marker (lane 1) is rich in negatively 
supercoiled (—l turn) and relaxed circles, while many nicked circles are found in the sample incubated at 75°C (lanes 2-7). This explains a 
slight difference in the position of the top band in lane 1. et 
Methods: d, Fr.4 was further purified on a hydroxylapatite column equilibrated with 0.1M phosphate buffer (pH 7.0) containing 0.25 M NaCl. 
The topoisomerase activity was eluted by a linear gradient of phosphate {0.1-1.0 M). An active fraction recovered at 0.35 M phosphate was 
used for this experiment. The protein concentration was measured using Bio-Rad protein assay reagents, As the moecular weight of the enzyme 
was estimated to be ~ 500,000 (close to the 8-galactosidase marker in glycerol gradient centrifugation), the molar ratio of protein to pBR322 DNA 
was calculated to be (lanes 2-7, respectively}: 0.24, 0.12, 0.06, 0.03, 0.012 and 6.606, a 


Fig. 4 CsCl-EtBr density gradient a CsCl-EtBr density gradient b 
centrifugation. a, The first lane (indi- <a te 
bottom top 


cated by M) is a size marker for 





correspond to fractions from the 
CsCl-EtBr density gradient. Only an 
appropriate part of the gel is shown, 
where covalently closed circular 
DNA 1s present. The numbers indi- d 
cate the positions of the following. _./z™ 
DNAs: (1) dimeric pBR322. (nega. | 
tively supercoiled pA 

(nicked circle), (3) 










coiled). b, The ‘pattern of the 
pBR322 DNA in the. peak: fraction 
compared with that of standard 
samples of negatively. or positively 
supercoiled DNA. Lane 1, negatively 
supercoiled topoisomers of pBR322. fe S fete D 
Lanes 2-4, peak fractiotié' of posi- aaa REE ; a i 
tively supercoiled pBR322 shown in z= r > I 2 3 4 

a. Lane 5, positively supercoiled 
topoisomers of pBR322. 

Methods: a, Negatively supercoiled pBR322 (4,3 kilobases, kb) treated with Fr.4 enzyme, was mixed with negatively supercoiled pAQ3 (1.8 kb) 
ġ DNA treated with Fr.5 enzyme (a marker for relaxed DNA at 75°C) and a negatively supercoiled dimer of pBR322 (8.6 kb) (a marker for 





Si 


Fr.4 product Relaxed Negative supercoil 


oa ' negatively supercoiled DNA at 37°C). The solution was adjusted to 3.7 mi in 10mM Tris-HCI pH 7.8, 10 mM EDTA-Na,. After adding 3.8 g 
“of solid CsCl and 0.3 ml of 5 mg ml”! EtBr, the mixture was centrif uged in the RTV65 vertical rotor of the Hitachi ultracentrifuge (35,000 rp.m. 


at 20 °C for 48h). The gradient was fractionated from the bottom and DNA was extracted twice with n-butanol. After dialysis against 
10 mM Tris-HCI pH 8, I mM EDTA-Nag, each fraction was anlysed. by 1.0% agarose gel electrophoresis. b, Positively supercoiled topoisomers 
were prepared by incubating negatively supercoiled pBR322 DNA with yeast nicking~closing enzyme at 4 °C for 24h. The resultant molecules 


were positively supercoiled when assayed at 24°C (ref. 19). 













o. TERS S NATURE VOL. 309 21 JUNE 1984 
680 , Sy Eee ee ne een eae ARTICLES > NATURE V OL. 308 ch JUNE 1984 


aia aiao waarnaar iane min dinke a na ataia ea e aaa A 


negatively supercoiled topoisomers prepared by yeast nicking- 
closing enzyme (Fig. 2a, compare lane | with the rest). 

In favourable conditions of gel electrophoresis, the staggered 
bands formed by Fr.4 enzyme migrated just between the standard 
array of negatively supercoiled topoisomers, prepared either by 
yeast nicking~closing enzyme or Fr.2 or Fr.5 enzyme (compare 











Fig. 5 Two-dimensional agarose gel electrophoresis. a, A mixture 

of negatively supercoiled pBR322 and positively supercoiled 

pBR322 prepared as described for Fig. 4b was electrophoresed in 

the first dimension in the standard conditions. The gel was soaked 
_in 0,02 pg ml? EtBr solution for 90 min and re-electrophoresed in 
_ the orthogonal direction in the same buffer containing 0.02 pg 1) 
0 EtBr. b, pBR322 DNA treated with Fr4 enzyme was elec- 
_trophoresed in the same way as for a. c, A mixture of pBR322 
‘treated with Fr.$ enzyme and pAO3 treated with Fr.4 enzyme was 
analysed as described above. 


Fig. 3c, for example). The time course of the reaction with Fr.4 
enzyme (see Fig. 3a) demonstrated that in a short incubation 
time, two sets of the ladders, regular and staggered, appeared 
and as time progressed, the former bands disappeared and ihg 
latter ones intensified. A similar pattern was observed wit 
decreasing amounts of enzyme, where doublet ladders were 
evident (see Fig. 3b). These results suggested that staggered 
ladders were formed via standard ladders when the reaction 
proceeded further. The pattern of the staggered ladder was 
not affected by further deproteinization with phenol and 
chloroform-isoamyl alcohol. It converted to a normal (nega- 
tively supercoiled) ladder after treatment with Fr.2 enzyme, 
which contained DNA gyrase and DNA catenase activity (Fig. 
3c, lanes 3, 4), or with Fr.S enzyme, a type H topoisomerase 
which could relax both negative and positive supercoils (Fig. 
3¢, lanes 5, 6). Therefore, this staggered ladder must be attributed 
to the DNA topoisomers. The reaction product of Fr.4 enzyme 
was next treated with either yeast nicking~closing enzyme or 
Escherichia coli w-protein. The former catalysed the relaxation 
of staggered ladders but the latter could not (Fig. 3¢, lanes 7-9). 
As distinct from the yeast enzyme, w-protein does not relax 
positively supercoiled DNA. This result suggests that the 


staggered ladders comprise positively supercoiled DNA on 


topoisomers. 


Positively supercoiled topoisomers 

To distinguish between the various possible conformations of 
DNA, the reaction product of Fr.4 was centrifuged in a CsCl 
equilibrium density gradient in the presence of ethidium 
bromide (EtBr) then each fraction was analysed by agarose gel 
electrophoresis. Figure 4a shows that pBR322 DNA incubated 
with Fr.4 enzyme formed a band of much heavier density than 
the relaxed form of pAO3 DNA" (prepared by Fr.5 enzyme) 
which was used as an internal marker, indicating that the former 
represented positively supercoiled DNA. The ladders at the peak 
position of pBR322 (Fig. 4b, lanes 2—4) coincided with a standard 
sample of positively supercoiled topoisomers (lane $)'” but not 
negatively supercoiled ones (lane 1). 

Two-dimensional agarose gel electrophoresis” provides 
another means of distinguishing between positive and negative 
superhelical DNA topoisomers. After electrophoresis in the first 
dimension, gels were soaked in a mild concentration of EtBr 
and electrophoresed in the orthogonal direction. In the second 
dimension, positively supercoiled DNA had a higher mobility 
due to the increase in the superhelical density by EtBr, while 
the migration of negatively supercoiled DNA was retarded 
because EtBr relaxed it. Figure 5a shows clear separation of a 
control mixture of negatively and positively supercoiled DNA 
topoisomers in the second dimension, forming a symmetrical 
arch pattern. The reaction products of Fr.4 enzyme (Fig. 5b) 
migrated more rapidly in the second dimension, indicating that 
they were in fact positively supercoiled DNA. In Fig. 5c a 
mixture of pAO3 incubated with Fr.4 enzyme and pBR322 
treated with Fr.5 enzyme (a control for relaxed DNA at 75°C) 
was developed by two-dimensional agarose gel electrophoresis. 
The pattern of pAO3 clearly showed the formation of positively 
supercoiled DNA topoisomers. 


Superhelicity at high temperature 

It should be noted that our reaction temperature was 75 °C and 
that the products were analysed at 24°C. The superhelicity of 
DNA is known to be affected by temperature’, Thus, in the 
conditions of our analysis, the DNA would be less positively 


supercoiled, or more negatively supercoiled, than in the reaction: .. 
mixture. The difference in superhelicity caused by temperatures 





was roughly three superhelical turns per 20°C in our systemy 

using pBR322 (data not shown). Note also that the fully relaxed 
pBR322 DNA formed by the topoisomerase in Fr.5 at 75 °C (see 
Table 1) appeared to be negatively supercoiled by five turns in 


our assay conditions. DNA must be more positively supercoiled 


by several turns in our reaction mixture at 75 °C than wasactually 
observed at the ambient temperature. 
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Reverse gyrase—a novel enzyme? 


The reverse gyrase studied here might consist of two com- 
ponents: a putative DNA-binding protein which introduces 
“positive superhelical constraints, consequently creating nega- 
ely supercoiled domains in the unoccupied parts of closed 
circular DNA, and a topoisomerase which could relax these 
regions. The resulting DNA would then be positively supercoiled 
on removal of the binding proteins. This type of mechanism 
was excluded by the following two experiments. 

First, the minimal protein concentration required for reverse 
gyrase activity (for this purpose, Fr.4 was further purified by 
hydroxylapatite chromatography) was estimated to be less than 
one-tenth the molar ratio of the substrate DNA (Fig. 3d). This 
amount of protein in the reaction mixture is insufficient to 
constitute a nucleosome-like complex, as DNA-binding proteins 
would be needed in a molar excess over the DNA. A preliminary 
analysis of protein components in this fraction by SDS-poly- 
acrylamide gel electrophoresis revealed four major bands in 
equimolar amounts (molecular weights 124,000, 101,000, 45,000 
and 42,000). Second, the linking number of DNA in the 
hypothetical protein-DNA complex should not be changed by 

, adding exogenous topoisomerases as the DNA should be relaxed 
b before deproteinization, while free positively supercoiled DNA 
should be a good substrate for the second topoisomerase. This 
notion was tested by further incubation of the reaction product 
of Fr.4 with Fr.5 enzyme at 75 °C or with yeast nicking—closing 
enzyme at 30°C. Figure 3c, lanes 5-8 shows that the final 
products were relaxed DNAs, indicating that the positively 
supercoiled DNA was not complexed in the reaction mixture. 
Therefore, the Fr.4 activity was not due to a combination of 
DNA-binding proteins and a topoisomerase, but Fr.4 must 
contain the unique enz matic activity of a reverse gyrase which 
produces DNA with positive superhelical tension. 

In living. organisms, no positively supercoiled DNA has ever 
been reported, nor has an enzyme been found to produce such 
a topological constraint. It is possible that positive supercoils 
are relaxed as soon as they are formed, by the potent type I 
topoisomerases generally found in eukaryotic cells. In Sul- 

folobus, type I topoisomerase activity was low compared with 

the three other topoisomerases (see Table 1), which may have 
been essential for our discovery of the novel reverse gyrase 

| activity. Positively supercoiled DNA can be prepared in vitro 
Opprby: (1) using intercalating drugs such as EtBr; (2) raising the 
' temperature of a solution containing relaxed circular DNA 
prepared at a lower temperature; (3) binding large amounts of 

DNA gyrase to nicked DNA, then sealing it and removing 

the proteins’'; (4) using stoichiometric amounts of DNA 

topoisomerase | I; -or (5) using netropsin and a DNA 
topoisomerase”. Here, we have shown that reverse gyrase can 
form positively supe oiled DNA by changing the linking num- 

ber of closed circuli JA. The biological activity of such a 
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DNA molecule isol grea t interest, as well as its physicochemical 


properties. z 
Compared with the ent of the positive superhelicity pro- 
duced by mntsrealesing PRIZ DNA with EtBr (more than 20 
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turns), the superhelicity produced by reverse gyrase appeared 
incomplete. We observed positively supercoiled DNA with ei; 
turns in our gel analysis at 25 °C (see Fig. 3c, lane 7 and Fig, 
4b, lane 3, for example), thus we estimate 13 positive superhelical | 
turns at best in Our reaction at 75°C. There are two possible 
explanations for this: first, there is an upper limit to increasing . 
the linking number of DNA because of some physical stress in 
the DNA helix itself. The positively supercoiled circles formed 
by netropsin binding, described above, represent the same 
situation”, Second, as the DNA becomes more positively 
supercoiled, so its ability to react with the enzyme might 
decrease. 


Why is reverse gyrase needed? 


Negatively supercoiled DNA is believed to be a favourable 
substrate for replication, transcription and recombination. Con- 
versely, positively supercoiled DNA might be unfavourable for 
these functions. So what is the role of a topoisomerase which 
introduces positive superhelical strains into DNA? One trivial 
explanation is that because Sulfolobus grows at 75°C, reverse iA 
gyrase is required to prevent the genomic DNA from de- 
naturation by tightening the helical pitch of DNA (as the 
G +C content of Sulfolobus is only 40%). If this is the case, 
similar activities should exist in other thermophilic organisms, 
and their plasmids, if any”; no such examples have been 
reported. | A 
We suggest, on the other hand, that reverse gyrase is dis: 
tributed widely in many organisms to counteract the effects’ 
other topoisomerases. It may actively alter the superhelicity ; 
DNA so as to disassemble the stable complexes of proteins and 
negatively supercoiled DNA. For example, chromatin DN/ 
held in a stable complex with histones but it is believed th: 
DNA must be freed from histones for replication, recombina- 
tion, transcription, etc. To release the histones from nucleosomes 
it may be necessary to reverse the assembly process”, in whic 
positive superhelical turns have been removed by. tope 
isomerases. Instead, the reverse gyrase could introduce positi 
superhelical turns into the internucleosomal regions and the: 
resulting superhelical strain could detach the histones from th 
DNA. l 
A similar situation may prevail when cruciform structures or 
segments of Z-DNA” that are formed in the negatively super- 
coiled DNA?®? need to be reorganized to regular B-form DNA. 
Relaxing the negatively supercoiled DNA may not provide 
sufficient driving force to cause structural changes (probably 
because specific proteins must be associated) and here reverse 
gyrase may be needed. The transition of such structures i 
chromosomes may be important as initiation signals for DNA 
replication, recombination or gene expression®’*', : 
We thank Drs H. Nash, T. Shibata, S. Higuchi, M: Gelli 
P. Gray and Yoshiko Kikuchi for many critical sugge: 
encouragement and for reading the manuscript; Drs T. Goto __ 
and J. Wang for providing the P4 phage kit; Dr A. Oka. for a 
plasmid pAO3; Dr W. Zillig for the pure RNA polymerase of 
S. acidocaldarius strain DSM639 and its antiserum; and Ms M. 
Yamashita for help in preparing the manuscript. ie 
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A new ‘photofootprinting’ technique, which uses light to detect protein-DNA contacts as well as changes in the structure 





of DNA at the base pair level, has been developed and used to detect contacts between lac repressor and the lac operator 


in Escherichia coli cells. 





ALTHOUGH it is well established that interactions between 
DNA and protein regulate gene expression, there are few tech- 
nigues capable of directly probing these interactions in vivo. 
Given the soraplexity of the intracellular environment and our 
gene regulation are etitically dependent on the development of 
`o such techniques. Currently, experiments using DNase I ‘foot- 
printing’, chemical modification” , bromouracil cross-linking’ 
- and drug cleavage“ can probe, with high resolution, protein- 
DNA interactions in vitro. In each technique a protein is bound 
toa uniquely end-labelled DNA fragment. The complex is then 
: “subjected to an enzymatic, chemical or photochemical procedure 
. which vither breaks the DNA backbone directly or modifies the 
- DNA in such a way that its backbone can be subsequently 
_ broken by alkali’. After removal of protein, the labelled DNA 
vois denatured and electrophoresed i in a polyacrylamide sequenc- 
inggel. An autoradiograph of this gel shows a pattern of end- 
. labelled fragments which correspond to breaks in the DNA 
backbone induced by the modification or cleavage procedure. 
s cleavage rates may be altered by protein binding, correspond- 
ing changes in the strand breakage pattern may be used to 
- identify protein contacts. 
a Although | protein binding sites can be identified and character- 
2 ized in vitro by these techniques, the chemical or enzymatic 
= procedures used to induce strand cleavage are often too harsh 
- -and too slow to be used on living cells without perturbing native 
> protein-DNA interactions. We report here the development of 
=> a new technique, termed ‘photofootprinting’, which uses light 
- to probe protein-DNA interactions in vitro and in vivo. The 
-~ technique, in its simplest form, is based on the observation that 
. asmall but significant distortion of the double helix is necessary 
~ to form a UV photoproduct*”''. If protein contacts affect the 
> geometrical changes necessary for photoproduct formation, 















exposure of protein-free and protein-bound DNA to light fol- 


lowed by breakage of the DNA backbone only at the sites of 
photodamage will yield two different sets of DNA fragments. 
When analysed on a sequencing gel, differences in the strand- 
breakage pattern of these two DNAs will occur at those bases 
in contact with protein. More elaborate procedures based on 
photochemical reactions between DNA and small probes such 
as photosensitizers will be described below. 

To detect protein-DNA contacts using light, we have 
developed a chemical procedure which exploits a common 
feature of photoreacted bases absent in unmodified bases so as 
to break the DNA backbone only at the sites of photodamage. 
In each of the known major photoproducts in DNA, one or 
more of the 5,6-double bonds of a pyrimidine becomes saturated 
on photoreaction®: 12 As carbonyl groups conjugated to a double 

© bond are poorly reduced by sodium borohydride’’, the carbonyl 
“group at position 4 of photochemically modified thymines can 
_ «be selectively reduced in the presence of other bases'*. Further- 
— more, Kunieda and Witkop’* and Miller and Cerutti'*’®, have 
shown that reduction of thymines saturated at the 5,6- -position 
with excess NaBH, opens the thymine ring. As conjugation of 
the lone pair electrons of the glycosidic nitrogen at position l 
is greatly reduced by saturation of the 5,6-double bond and ring 
opening, the glycosidic bond of photochemically modified and 
duced thymine should be much more labile to acid hydrolysis 









mamme eee: 








Present address: Department of Biological Sciences, University of Pittsburgh, Pittsburgh, 
vivania | 15260, USA. 





than unmodified thymine. Once the glycosidic bond is hydro- 
lysed by acid, the phosphate backbone can be broken at the 
sugar ring by subsequent treatment with alkali’. In practice, 
base hydrolysis and subsequent breakage of the backbone can 
be carried out in one step by briefly heating in acidic aniline. 
Although the 4 position of cytosine is not reduced by NaBH,, 
saturation of the 5,6-double bond is known greatly to enhance 
spontaneous deamination of the 4 position, converting it to a 
carbonyl group'’. Thus, like thymine, photochemically modified 
cytosine should be selectively reduced and its ring opened by 
NaBH,, labilizing its glycosidic bond to acid hydrolysis and _ 
subsequent strand breakage. vee 





Photofootprinting the lac repressor in vitro 


To determine whether protein contacts can be detected with UV 
light alone, a 95- base pair (bp) fragment of DNA containing 
the lac operator’ was exposed for 20 and 80 s to a 150-W xenon 
lamp in the presence and absence of lac repressor. After purifica- 
tion and after the DNA was end-labelled with *’P, the photo- 
products were labilized by the chemical degradation procedure 
and the resulting strand breakage pattern was analysed on a 
sequencing gel. In the absence of lac repressor, brief irradiation 
of the lac operator induced the formation of many photochemi- 
cally modified bases which could be detected by the chemical 
degradation procedure (Fig. 1). Photoproducts were detected 
not only at pyrimidines but, unexpectedly, also at purines. 
Although photoreactions between adjacent pyrimidines are well 
documented’, photoreactions between pyrimidines and purines 
are not'*, and further characterization is necessary to establish 
the identity of these new photoproducts. a 

When these experiments are repeated in the presence of lac 
repressor, repressor binding inhibited, and in some cases 
enhanced the ability of base pairs to undergo photochemical 
modification (Fig. 1). The location of the major repressor con- 
tacts is in excellent agreement with the repressor binding site 
detected by methylation protection”, DNase I footprinting”, 
bromouracil cross-linking* and chemical synthesis methods*! 
Thus, brief exposure of the lac repressor—lac operator complex 
to UV light can be used to identify repressor contacts. 

In contrast to other techniques'**°, UV light also detects 
repressor contacts upstream and downstream from the known 
repressor binding site. Although these weak ‘contacts’ could 
result from repressor-induced distortions in adjacent protein- 
free DNA, we believe them to represent previously unreported 
or unidentified repressor contacts (see below). 

Figure 2 examines in detail the chemistry used to detect the 
lac repressor~lac operator photofootprint. Several features of 
this analysis are noteworthy. First, detection of a photofootprint 
requires both NaBH, reduction and acidic aniline cleavage. If 
either step is excluded, no cleavage of the DNA is observed 
(compare methods d and e and b and c). Second, in the absence 
of photodamage, cleavage of DNA by the NaBH,~acidic aniline 
technique is very weak and comparable with the same back- ™ 
ground cleavage resulting from piperidine treatment (compare ’ 
the first lanes of methods a, b and e). Thus, the background 
cleavage of the NaBH,-—acidic aniline technique is as low as the 
background cleavage observed in the chemical sequencing 
method of Maxam and Gilbert’. Third, in these conditions UV 
light does not directly cleave DNA (method a). 
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Fig. 1 In vitro photofootprints of the lac q -R -R +R 4R b 
repressor bound to the lac operator. a, An 
autoradiogram of the lac repressor photo- 
footprint. Lane 1, a no-light control show- 
ing the background resulting from the 
hemical labilization procedure. Lanes 2, 
"3, the effect of irradiating the lac operator 
~*~ for 20 and 80 s, respectively, in the absence 
of lac repressor. Lanes 4, 5, the effect of 
irradiating the lac operator for 80 and 20 s, 
respectively, in the presence of lac 
repressor. The level of photodamage in 
these experiments is very low: ~} bp in 
500 is damaged by light. Arrows denote 
bases whose photodamage is totally 
blocked by repressor binding. b, results 
of the autoradiogram quantified by micro- 
densitometry and displayed as a his- 
togram. The upper half summarizes the 
results of the 20-s irradiation experiment 
and the lower half those of the 80-s irradi- 
ation experiment. The effect of light on 
the cleavage of DNA in the absence of lac 
repressor is expressed as the ratio 
(+hyv/~hv), where +hy is the cleavage of 
a base in the presence of light and —hr is 
its cleavage in the absence of light. The 
effect of added lac repressor on light- 
induced cleavage of a base is expressed as 
. the ratio (+R’/~R’') where +R’ is the j l | l | | 
light-induced cleavage of a base in the Th short ah Hib- GHi a | 
presence of lac repressor minus its TGTT TOCTGTGTGAAATT TCCGCTCATAA ACATYATACGAGCCGGAA 
cleavage in the absence of light and —R' is the cleavage of the base in the absence of repressor minus its cleavage in the absence of light. When the value of | 
(+R'/-R’) is <1/20, protein binding is considered to block photodamage totally and the corresponding position in the histogram is blackened. In brackets, that 
region of the lac operon protected by lac repressor from DNase I digestion is shown as a pair of lines”. The upper line summarizes the protection results for the 
same DNA strand analysed in the photofootprinting experiments and the lower line summarizes the results for the opposite strand. That region of the lac operator 
protected by lac repressor from DMS is shown below the DNase I results'?. Strong protection is denoted by a continuous line and weak protection by a dashed 
line. 
Methods: Irradiation was conducted with a 150-W xenon lamp (PRA model ALH215) equipped with an elliptical mirror. The output of the lamp consists of a 
focused beam 3 mm in diameter which is passed through a 10-cm long water filter to remove IR radiation before impinging on the sample. Samples were irradiated 
in 200 u} Micropets (Clay Adams) sealed at one end with a rubber septum. Although the Micropets absorb a small amount of UV radiation, similar results were 
obtained in UV-transparent cuvettes. In a typical experiment, 12 wl of a solution consisting of 10 mM Tris { pH 7.4), 10 mM Mg(QAc),, 10 mM KCI, 0.1 mM EDTA, 
0.1 mM 2-mercaptoethanol, 12% glycerol, 100 ng ml”! gelatin, 15 ng of a 95-bp lac operator fragment’? and 0.1 wg of pBR322 plasmid DNA was irradiated in 
the absence or presence of 1.4 yg of lac repressor. 10 pg of carrier tRNA was then added to each sample and repressor removed by phenol extraction. The EcoRI 
end of the lac operator fragment was labelled with 25 pCi of [a-**PIGATP using the Klenow fragment of E. coli DNA polymerase I and unreacted ATP was 
removed by dialysis against 2M NaCl, | mM Tris (pH 7), followed by dialysis against | mM Tris (pH 7). The solutions were transferred to a 1.5-ml Eppendorf 
tube and heated at 50°C for 5h in I mM Tris (pH 7), 5mM NaCl to effect deamination of photochemically modified cytosines. After precipitation from ethanol, 
each sample was dissolved in 50 ul of 5mM KP, (pH 8.3), 5 mM NaCl containing 50 mM thymidine and cooled to 0 °C. 50 wl of the same KP,/NaCl/thymidine 
solution containing | mg of freshly dissolved sodium borohydride was then added. The samples were briefly vortexed and allowed to stand unagitated and open 
to the air at 2°C in the dark. Thymidine is present during the reduction step to react with any borane generated by the decomposition of NaBH, in water. 
Otherwise, borane, which preferentially reduces carbonyl groups conjugated to double bonds, would reduce those bases that are not damaged by light. The 
reactions were stopped after 15 h by adding 250 ul of 0.7 mM NaOAc~HOAc ( pH 5.0) and allowed to stand at room temperature for | h with occasional vortexing. 
After precipitating the DNA from 750 yl of ethanol the dried and rinsed pellets were redissolved in 170 wl of 0.5 M NaOAC-HOAc ( pH 5.0). Following incubation 
at room temperature for I h with occasional vortexing, 100 ui of water and 750 pl of ethanol were added to precipitate the DNA. The rinsed and dried DNA 
" pellets were then dissolved in 2 p} of water and 25 pl of 1.0 M aniline~HOAc (pH 4.5) was added*®.**. After heating at 60°C for 20 min in the dark, the samples 
were frozen at ~78°C and lyophilized under high vacuum. Freezing and lyophilization from 25 ul of water was repeated three more times and the DNA 
twice from ethanol. Following rinsing and drying of the DNA pellet, the samples were dissolved in 98% deionized formamide, boiled for 3 min and electrophoresed 
on a 20% polyacrylamide sequencing gel at 1,500 V for 14h. 
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Fig. 2 In vitro photofootprints of the lac 
repressor bound to the lac operator detected 
by different chemical treatments (a-e). For 
each chemical treatment, three lanes are shown. 
The first lane of each set is a no-light control, 
the second lane shows the effect of irradiating 
the lac operator for 405 in the absence of lac 
repressor and the third lane shows the effect of 
irradiating the lac operator for 40 s in the pres- 
ence of lac repressor. a, No chemical treatment: 
b, cleavage is induced by heating in piperidine: 
c, Cleavage is induced by successively deaminat- 
ing, reducing with NaBH, and heating in 
piperidine; d, cleavage is induced by success- 
ively deaminating and heating in acidic aniline; 
e, Cleavage is induced by successively deaminat- 
ing, reducing with NaBH, and cleaving with 
acidic aniline. 

Methods: DNA was cleaved with piperidine by 
dissolving the DNA in 100 pl of freshly diluted 
1 M piperidine and heating at 90 °C for 25 min’. 

All other methods are identical to Fig. 1. 
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Fig.3 Photofootprints of the lac repressor bound to the lac operator in vivo. a, An autoradiogram of the lac repressor photofootprint obtained 
in vive. Lanes 1~3, the effect of irradiating F. coli cells containing the lac operator plasmid unbound by lac repressor for 0, 50 and 90s. Lanes 
4-6, the effect of irradiating F. coli cells containing the lac operator plasmid bound by repressor for 90, 50 and Os, respectively. b, 
Microdensitometer scans of the 90-s irradiation experiment. The upper portion is the no-light control (lane 6 of a; similar results are also 
observed in lane 1). The middle and lower portions show the effect of irradiating the lac operator plasmid in the absence and presence of 
bound repressor, respectively (lanes 3, 4). c, The microdensitometer scans quantified and displayed as a histogram. The effect of light on the 
cleavage of DNA in the absence of lac repressor is expressed as the ratio (+hv/—hv) while the effect of repressor on light-induced cleavage 
of DNA is denoted either as an enhancement ( f ) or blockage ( | ) of cleavage. 

Methods: Competent E. coli cells lacking a chromosomal copy of the lac structural gene ( E. coli strain E7074 FlaciProA’, B* AUlac pro) sup E thi 
(kindly provided by Dr J. Beckwith) were transformed with either plasmid pJW231 or pJW280 (see text for explanation). 900 yl of E. coli 
cells bearing either plasmid were grown to saturation in LB, pelleted and resuspended in 450 ul of M9 buffer*'. The cells were then placed 
on ice and photolysed in 150-yl aliquots in a quartz microcuvette. Following irradiation, each aliquot was immediately frozen and stored at 
—78 °C. The aliquots were combined, pelleted and plasmid DNA isolated by an alkaline-SDS miniprep**. After phenol extraction from 1% 
SDS, the DNA was ethanol precipitated, restricted with EcoRI and labelled with [a-**P]dATP using the Klenow fragment of E. coli DNA % 
polymerase I. Unreacted ATP was removed by dialysis against 2M NaCl, | mM Tris (pH 7), followed by dialysis against 1 mM Tris (pH 7) 
The DNA was then restricted with BamHI, ethanol precipitated and the 95-bp lac operator fragment purified by electrophoresis on a 6% 
polyacrylamide gel. After extraction from the gel and ethanol precipitation, the DNA was processed and analysed as described in Fig. | legend. 





Although the NaBH,-acidic aniline technique can be used to 
break the DNA backbone at the sites of photodamage, the 
efficiency with which the photoproducts are detected is 

unknown. To estimate this efficiency, a second cleavage tech- 
nique has been used to labilize the lac repressor—lac operator 
photofootprint described in Fig. 1. As shown by others, when 
UV-irradiated DNA is heated in piperidine the DNA backbone 
is cleaved quantitatively at the so-called PydC photoproducts”’. 
These photoproducts occur at T-C, C-C and to a much lesser 
extent T-T dinucleotide residues and result from a cyclo-addition 
reaction between the 5,6-double bond of one pyrimidine and 
the carbonyl! group of thymine or the imino tautomer of cytosine 
of an adjacent pyrimidine. Because these photoproducts contain 
a pyrimidine saturated at its 5,6-double bond, their formation 
=: ean be detected by the NaBH,—acidic aniline cleavage technique 
outlined here. As Fig. 2 shows, cleavage of the PydC photoprod- 
ucts by the NaBH,~acidic aniline technique is comparable with 
the quantitative cleavage of these sites by piperidine (compare 
-methods b and e). Although these measurements do not indicate 
> the efficiency with which other photoproducts are cleaved by 
the NaBH,-acidic aniline technique, the structural similarities 
<: between the PydC photoproducts and the well known 
pyrimidine dimers, pyrimidine trimers and spore product suggest 
~ that these latter photoproducts® will also be readily labilized by 

. this technique. 








Photofootprinting the lac repressor in vivo 


Having demonstrated the feasibility of footprinting a protein in 
vitro with light, we next investigated the possibility of footprint- 
ing in vivo with light. Two derivatives of the plasmid pBR322 
have been constructed for this purpose. The first, designated 
pJW231, contains a copy of the same 95-bp lac operator frag- 
ment used in the in vitro experiments”*. The second, designated 
pJW280, contains this lac operator plus an 1,100-bp fragment 
containing the lac repressor structural gene under control of an 
I? promoter. When Escherichia coli cells lacking a chromosomal 
copy of the lac repressor structural gene are transformed separ- 
ately with these plasmids, two cell types result. E. coli cells 
bearing the pJ W231 plasmid contain lac operators unbound by 
lac repressor whereas E. coli cells bearing the pJW280 plasmid 
contain lac operators bound by lac repressor. Following brief 
irradiation of both cells, plasmid DNA is isolated free of 
chromosomal DNA. The 95-bp lac operator fragment is excised 
from each plasmid by restriction with EcoRI and BamHI, end- | 
labelled with **P and the photoproducts chemically labilized. 
The photofootprint of the lac repressor is then revealed by 
denaturing the DNA from both plasmids and comparing their 
strand breakage pattern on sequencing gels. As shown in Fig. 
3, the binding of Jac repressor in vivo enhances the formation 
of two photoproducts and inhibits the formation of seven others. 
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Fig. 4 Photofootprints of the lac repressor obtained in vitro with a triplet sensitizer. a, An autoradiogram of the lac repressor—lac operator 
photofootprint. Lanes 1, 2, the effect of a 30-min irradiation of the Jac Operator at 315 nm in the absence of sensitizer. Lane | contains no lac 
repressor while lane 2 contains lac repressor. Lanes 3-8, the effects of irradiating the lac operator with 315 nm light in the presence of 10mM 
sensitizer (8-dimethylaminopropiophenone, Aldrich). Irradiation was for 30 min (lanes 3, 4: similar results were obtained in 5 min), 60 min 
(lanes 5, 6) or 120 min (lanes 7, 8). Odd-numbered lanes contain no lac repressor while even-numbered lanes contain lac repressor. Lanes 9, 
10, the effect of a 120-min irradiation on the lac operator at 315 nm in the absence of sensitizer. Lane 9 contains no lac repressor while lane 
10 contains repressor. b, Results of the autoradiogram quantified by microdensitometry and displayed as a histogram. The cleavage of DNA. 
by sensitizer in the absence of lac repressor is expressed as the ratio (+hv/—hv) while the effect of lac repressor on sensitizer-induced cleavage _ 
is expressed as the ratio (+R'/~R’) (see Fig. 1 for nomenclature). A base whose cleavage could not be accurately quantified by microdensitometry 
is denoted by a dotted line. Fading of the photofootprint at long irradiation times is probably due to damage of the complex by the 315 nm 
light. c, The plausible pseudooperator site. Homologous bases are denoted by a dot. oo 
Methods: Irradiation was with the same apparatus as described for Fig. 1 except that a monochromator (Instruments SA, Inc., Model 
1200-UV-H10) was placed between the water filter and the sample. The monochromator entrance and exit sites were 2 mm (15 nm bandwidth}. 

The experimental conditions and reagents were the same as for Fig. 1. oo 


The lac repressor binding site detected in these measurements 
Merees well with the in vitro photofootprinting results as well 






as with the in vitro results obtained by other techniques'?*'. 


Thus, contacts between the lac repressor and its operator can 


readily be detected in vivo with light. 





A triplet sensitizer and psoralen | 
Although light alone can be used to detect lac repressor and, 
as shown below, RNA polymerase binding, less tightly associ- 
ated proteins might go> 





more sensitive to these : 
such techniques. have been developed. In the first, a triplet 
sensitizer, 8-dimethylaminopropiophenone (8 DAP) is used to 
excite DNA indirectly. As demonstrated previously, when 
excited by 315 nm light in vivo, BDAP can transfer its excita- 
tion energy to DNA, causing the DNA to assume an excited 
triplet state*”. Because this triplet state yields many of the same 
photoproducts formed by direct UV irradiation of DNA, the 
chemical labilization procedure outlined here can be used to 








detect BDAP-induced photolesions. The major advantage of- 


using a sensitizer to introduce photolesions into DNA is the 
requirement of a collision between sensitizer and DNA before 
the sensitizer can transfer its excitation energy to DNA”, Thus, 
photoproduct formation induced by BDAP is expected to be 
more sensitive to protein binding than direct irradiation by UV 
light. a 

To test these hypotheses, the same lac repressor—lac operator 
experiment described in Fig. | was repeated using 315 nm light 






» undetected. We have therefore sought 
to develop additional photochemical techniques which may be 
of protein-DNA interactions. Two 


to excite the sensitizer. As shown in Fig. 4, in the absence of > 
sensitizer, DNA is undamaged by 315 nm radiation, but in the 
presence of sensitizer, irradiation introduces a larger number of 
photoproducts into the DNA. When these experiments are. 
repeated in the presence of Jac repressor, repressor binding. 
strongly inhibits the formation of many of the 8 DAP-sensitizec 
photoreactions. l eee 
The lac repressor photofootprint obtained with BDA 
exhibits many of the same features observed by other technique 
For example, that region of the operator strongly footprinted 
by bromouracil cross-linking*, DNase I digestion”? and dimethyl 


















sulphate (DMS)? is also strongly protected from BDAP- — 
induced cleavage. However, in contrast to these measurements; 
BDAP also detects lac repressor contacts outside the presumed: 
operator. Strong contacts are observed downstream from. the — 
operator while weaker ones are detected upstream. Although 
strong contacts downstream are not detected by bromouracil 
cross-linking or DMS experiments, reexamination of the DNase _ 
I results”? reveals that Jac repressor both enhances and inhibits’ 
DNase I cleavages in this region. As photofootprinting with UV 
light also detects repressor contacts in this region (see Fig. 1), 5 
strong inhibition of sensitizer-induced cleavage in this area > 
probably results from repressor contacts that are insensitive to 
bromouracil cross-linking or DMS protection experiments. — 

Weak contacts detected upstream from the presumed fac 
operator with B DAP are also detected by direct irradiation with 
UV light (see Fig. 1). Because some of these cleavages occur 
well upstream of the presumed operator, we have examined the 
sequence of this area for the possibility of a second or pseudo- 


operator binding site. As shown in Fig. 4, we indeed found a- 
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Fig.5 In vivo photofootprints of E. coli RNA polymerase bound to the lac UV-5 promoter in a closed and open complex. a, An autoradiogram 
of the RNA polymerase photofootprint. Lanes 1-5, photofootprints of the closed RNA polymerase complex; lanes 6-8, photofootprints of 
the open RNA polymerase complex. Lanes | and 2 are no light controls. Lane | contains no RNA polymerase whereas lane 2 contains 100nM 
RNA polymerase. Lane 3 shows the effect of irradiating the UV-5 promoter at 16°C in the absence of RNA polymerase. Lanes 4 and 5 show 
the effect of irradiating the UV-5 promoter at 16°C in the presence of 50 and 100nM RNA polymerase, respectively. Lane 6 is a no-lig 
control for the open complex. The dark band approximately one-third of the way down from the top of the gel is a contaminating EcoRI* 
band present in this preparation of DNA. It results from overdigesting the plasmid pJW231 with EcoRI and BamHI to liberate the desired 
95-bp UV-5 promoter fragment used in these photofootprinting experiments. Lane 7 shows the effect of irradiating the UV-5 promoter at 32 °C 
in the absence of RNA polymerase. Lane 8 shows the effect of irradiating the UV-5 promoter at 32°C in the presence of 100nM RNA 
polymerase. Arrows indicate the 5 bases showing the enhanced photoreactivity 
on open complex formation. b, Results of the autoradiogram quantified by micro- 






a Closed densitometry and displayed as a histogram. The effect of light on the cleavage of 
Si. he ke ee Open the UV-5 promoter in the absence of RNA polymerase is expressed as the ratio 
Sch CS Aad — (+hv/—hv) while the effect of RNA polymerase on light-induced cleavage of the 
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w UV-5 promoter is expressed as the ratio (+R'/—R') (see Fig. 1 for nomenclature). 


Whereas RNA polymerase does not enhance cleavage. of any bases at 16°C, at 
32°C the enzyme enhances the cleavage of 5 bases. These enhanced cleavages 
occur over the region of the promoter known to be melted at the higher temperature 
(see bracketed fine)****. | De 

Methods: Irradiation was for 35 s in 200 pl Micropets as described in Fig. 1 legend. 
In a typical experiment, 12 pl of a solution consisting of 25 mM HEPES ( pH 8.0), 
100 mM KCI, 10mM MgCl,, | mM 2-mercaptoethanol, 100 pg ml~' gelatin, 5% 
glycerol and 15 ng of the same 95-bp lac operator fragment used in Fig. 1, were 
incubated at 37°C for 20 min and then irradiated in the absence or presence of 
RNA polymerase at 16°C or 32°C**. The samples were then processed and 
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second potential operator sequence, identical with the known 
lac operator at 9 bases. The observed 9-bp homology makes this 
site a reasonable candidate for repressor binding because a 
known repressor binding site, just upstream from the ‘cap’ 
binding site of the lac operon, also exhibits a 9-bp homology 
with the lac operator”. Binding studies of the lac repressor to 
a restriction fragment bearing both of these 9-bp operator 
_-. . sequences plus the known lac operator shows the formation of 
-. three strong complexes with relative affinities of 1, 1/200 and 
<>. 1/800 (ref. 28). Although these measurements did not locate the 
“weakest binding site, the affinity observed for this site is compat- 
ible with binding at the proposed site in Fig. 4, as the other 
9-bp operator binding site exhibits only a fourfold greater 
affinity. 
_ Although repressor binding at the proposed pseudo-operator 
sequence in Fig. 4 was not reported in DNase I protection 
experiments”, reexamination of these results does reveal 
~ weak protection in this area. The failure of bromouracil cross- 
~ linking and DMS protection experiments to detect this repressor 
binding site may be due to the fact that a restriction fragment 
bearing only one-half of this operator was used in those experi- 
ments. 
= A second small organic molecule examined for its potential 
to footprint DNA photochemically is the well known intercalator 
-. . psoralen. When excited by 350 nm radiation, psoralen covalently 
binds to. DNA*?°, Because covalent addition saturates the 
6-double bond of pyrimidines*', the chemical labilization pro- 
-cedures used to detect UV and sensitizer-induced photoproducts 
can also be used to detect psoralen binding. A major advantage 





analysed by the method described in Fig. 1 legend. 
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of using psoralen is its known sensitivity to nucleosome binding? 
Previous studies have shown that in vivo psoralen does not 
photoreact with nucleosome-bound DNA.***? We have deter- 
mined that psoralen binding can be detected at the base pair 
level using the chemical degradation procedure and that such 
binding is sensitive to lac repressor binding. Experiments are 
being conducted to determine whether nucleosome binding can 
be detected with psoralen, UV light and BDAP. 


Photofootprinting structural changes in DNA 


Previous measurements have shown that UV-induced damage 
to DNA may be enhanced by structural changes in the DNA. 
For example, pyrimidine dimer formation is enhanced in single- 
versus double-stranded DNA®; apparently, geometrical changes 
necessary for dimer formation are easier in single-stranded 
DNA. We have examined the separation of DNA strands by 
RNA polymerase to establish whether light can be used to 
footprint structural changes in DNA. | 

At low temperatures, E. coli RNA polymerase forms a closed 
complex at promotors’. When the temperature of this complex 
is raised, a short stretch of DNA is unpaired by RNA poly- 
merase, resulting in the formation of a transcriptionally active 
open complex***’. Photofootprinting of both the open and” 
closed complexes of RNA polymerase bound to the lac UV-5’ 
promotor revealed that the formation of both complexes can 
readily be detected with UV light (Fig. 5), binding being charac- 
terized by reductions in photoproduct formation throughout the 
promoter. However, whereas the closed complex does not 
enhance the photoreactivity of any bases, the open complex 
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enhances the formation of five photoproducts. The location of 


these five enhanced photolesions is in excellent agreement with | 


‘the known site of DNA strand separation determined by other 
_measurements?’* >". Thus, a small structural change in DNA, 

Boch as its unpairing by RNA polymerase, can readily be detec- 
at the base pair level by light. 


Conclusions 


The photochemical approaches used in these experiments to 
footprint DNA have several advantages over other methods. 
First, since light readily permeates cells, DNA can be footprinted 
in vivo. Indeed, when combined with the procedure of 
sequencing genomic DNA directly by indirect end-labelling”, 
it should be possible to footprint almost any gene in vivo with 
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Waoweryk and Biber’ have recently iarsw that the cos- 
15.10" eV may contain a significant flux of 

the galactic plane, and that this flux 
‘particle anisotropy and energy spec- 
ave searched for an excess of cosmic- 
ray events from. on of the galactic plane. We can set 
upper limits which are close to the flux predicted by Wdowczyk 
and Wolfendale for the full galactic plane, and also for regions 
around the galactic centre. We have used these upper limits to 
place limits on the apparent brightness distribution of galactic 
y-ray sources above 10°% eV, and on any contribution these sources 
can make to the cosmic-ray energy spectrum at the highest energies. 
Recent observations using extensive air shower techniques 
have provided evidence for galactic sources’, and possibly 
extragalactic sources’, capable of producing y rays with ultra 
high energies (10'°-10'° eV). Wdowcezyk and Wolfendale’ have 
examined the possibility that such galactic y rays might be 
responsible for structure found in the cosmic-ray energy spec- 
< trum and anisotropy at these energies, and concluded that there 
is some experimental evidence for this. No individual datum is 
conclusive but the cited evidence suggests that y rays may be 
responsible for 1% of cosmic ray showers from the direction of 
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light. Second, because the footprinting reaction is directly co 
pled to the absorption of light, it can be initiated essenti 
instantaneously and terminated within 107° to 10%% s (the life. 
time of the excited state). Thus, by using more powerful ligh 
sources it should be possible to footprint, kinetically, structural. 
changes in DNA as well as protein movement along the DNA. => 
Third, because the quantum yield of a photochemical reaction 
is relatively insensitive to changes in temperature or solvent, 
footprints of DNA can be obtained in a wide range of conditions. 
Fourth, because the chemical procedure developed to labilize 
DNA photoproducts is also expected to work on RNA, it should 
be possible to photofootprint RNA as well as DNA. 

This work was supported in part by grants from the USPHS, 
the NSF and the American Cancer Society to J.W. and by an 
Anna Fuller postdoctoral fellowship to M.B. 
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the galactic plane (|b|< 10°), and a rather larger fraction from. 
near the galactic centre. This would constitute ~0. ae of the Ba 
primary cosmic radiation. i 

We have used data from 3yr of operation of the University ; 
of Adelaide extensive air shower array at Buckland Park (13x 
10° events with a mean energy of ~5x10'° eV) to search for 
any excess from the galactic plane. We summed all events 
observed with galactic latitude (|b|) below ~10° and com 
this sum with that expected on the basis of events obs 
outside the galactic plane but at similar declinations. 1€ 
from Buckland Park are presented in Table 1 together wit 
from three other experiments”! operating in a similar ener; 
range. This then gives a full, though non-uniform, coverage o 
the galactic plane. The data from the experiments by Clark’ and 
Chitnis et al.'° were extracted from published celestial intensity 
maps. The data from Haverah Park were obtained with their __ 
50-m system and were extracted from ref. 11. In the latter cases, 
the original investigators have presented their own null results 
for |b| < 20° (ref. 9), |b] < 10° (ref. 10) and |b| < 5° {refs 11; 12). 
The Haverah Park and MIT experiments observed essentially ir: 
the same region of sky. Data from these two experiments:have — 
been combined and are also shown in Table 1, clearly there is 
no evidence for there being any enhancement for |b] a10, 

In estimating any upper limits to a y-ray contribution from 
the galactic plane, one must take into account the statistical > 
uncertainty in the cosmic-ray background estimation’®. This ~ 
depends on the total number of events used to estimate the ` 
background. The ratio, a, of the estimated background counts _ 










for |b] < 10° to the total number of events with |b|= 10° which — 7 


were used to estimate the background is given in Table 1 for 
each experiment. Recently, Protheroe'* has derived 95% 
(~1.65 s.d.) upper limits to the ratio of the source contribution 
to the background contribution given various observed counts, oe 
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-Table 1 Observed and expected number of e events from lo z 10° for various ranges of galactic longitude 





Galactic plane Galactic centre region 








Buckland 


Experiment Buckland Haverah Haverah Park Buckland \ 
Park Kodaikanal MIT Park + MIT Park Park : 
Lat. ' 35°S 10° N 42.5°N 54°N ~ 
Ref. This work 10 9 It 9,11 
Approximate range of { 0°--80° | 
galactic long. 210°-30° 170°--240° 40°—200° 40°--200° 40°-200° 350° 10° 300°-60° 
No. observed 21156 13,555 s 552 99,408 99,960 4,631 10,221 
Estimated background 21103 13,529 530 99,421 99,951 4,726 10,258 
a 0.191 0.184 0.251 0.276 9.276 0.0833 0.0846 
y-ray/ cosmic ray 
upper limits (%) | 
84% 1.2 1.5 10.0 0.50 0.51 1.3 1.3 
95% 1.7 2.0 13.0 0.70 0.71 2.0 1.8 


kakhan ENANSAR SAAN niiin aAA A a aaan 


84% and 95% confidence upper limits are given for the ratio of y-ray flux to cosmic-ray flux. 


- estimated background, and a values. The procedure involved 
estimating the joint probability density function of the true 
_ background having some value and the ratio of source contribu- 
tion and background having some value, and is described fully 
in ref. 14, The 95% confidence upper limit to the ratio of y-ray 


< contribution to cosmic-ray contribution for |b] = 10° has been 
<- calculated for each experiment using this procedure and is given 
<$ in Table 1 which also shows, 84% (~1s.d.) upper limits calcu- 
- Jated in the same way. Only the Haverah Park data have a 95% 
->> confidence upper limit to a galactic plane y-ray contribution 
which is below ~1% of the cosmic-ray contribution. 


By taking the lowest upper limit from the experiments which 


< cover a particular region of the galactic plane and integrating 
-> over galactic longitude, we can obtain an estimate of the upper 
“ limit to any y-ray enhancement for the galactic plane as a whole, 
< Doing this, we obtain an 84% confidence upper limit of ~0.9%, 

< and a 95% confidence upper limit of ~1.3%, for any y-ray 
< enhancement from the whole galactic plane (\b| < 10°). These 


-upper limits are close to the ~1% enhancement predicted by 

Wdowezyk and Wolfendale’. 

The galactic centre passes almost overhead at Adelaide. We 
have used our data to search for any enhancement from the 
galactic plane within 60° of the galactic centre. It is possible 
that the galactic centre has a more localized excess and we have 
also examined events from the direction of the galactic centre 
(within ~10°), The results are also given in Table I together 
with the upper limits we derive for any y-ray enhancement from 
these regions of the sky. The data show no significant enhance- 
ment over the expected background. Again, however, the 95% 
upper limits are very close to the flux predicted by Wdowcezyk 
and Wolfendale’. 

At 10'°-10'* eV, the overall cosmic-ray anisotropy has a first 
-harmonic amplitude of ~0.3% (ref. 1). Our limits on any excess 
flux from the galactic plane appear to preclude the possibility 
that such a high amplitude for a whole sky anisotropy could 
result solely from galactic y rays. 

There is no doubt that an excess of y-ray events should exist 
from the galactic plane due to known galactic ultra high energy 
y-ray sources. None of these sources has, however, been associ- 
ated with large numbers of y rays arriving at the Earth. The 
y-ray sources which have been observed each contribute ~0.1% 
of the total cosmic ray events detected from the galactic plane 


by each experiment. Our 95% confidence upper limit of 1.3% 
for the total y-ray excess from the galactic plane thus corres- 


ponds to only ~40 times the observed flux from a single known 
source. — a 
7 Cone X-3 (refs 2 2 3) is one of the brightest and also the 
ost distant of the known galactic sources, being at a distance 
he order of the galactic radius. This suggests that a simple 
population brightness, S, distribution (that is N(> S)« 
“') is unlikely to be valid, and that instead the distribution of 
observed fluxes reflects the (unknown) y-ray luminosity function 
of the sources. 













Cygnus X-3 is not in the direction of the galactic centre. 
Neither are the Crab pulsar’ and Vela X-1 (ref. 4), the other 
galactic ultra high energy candidate sources. Our upper limits 
on the inner galaxy flux (|b| < 10°, |/|<60°) will not allow an 
enhancement above the total flux of outer galaxy sources suct 
as is found for X rays (9.4 x)"* or y rays above 100 MeV (2.2 x}? 
even if these three sources were the only sources contributing 
to the 10'°-10'° eV y-ray flux from the outer galaxy. 

We note that if the total flux of y rays were lower by about 
10 times than that postulated by Wdowezyk and Wolfendale (it 
cannot be much lower than this on the basis of known sources) 
and their spectrum extends to 210'’ eV, these events would 
distort the observed cosmic ray spectrum and produce a flatten- 
ing at ~10'* eV. With some steepening in the y-ray spectrum 
above 10'°eV they would instead produce an ‘ankle’ in the 
cosmic ray spectrum as observed’ at 10'° eV. It may then not 
be necessary to postulate a sharp cutoff to the y-ray spectrum 
at 107-10!" eV which Wdowczyk and Wolfendale’ needed to 
avoid gross disagreement with the observed cosmic-ray spec- 
trum. Support for this suggestion may be found in data for 
energies above 10’ eV presented by the Sydney group”. These 
data show an excess from the galactic plane for showers with 
energies above 4x 10'° eV (six events are observed for |b| < 10° 
where we expect 1.0+0.5). In this case, the Sydney detectors 
would be predominantly detecting muons from photoproduced 


pions'*'*. At these energies the flux of such muons is expected 


to be quite significant for y-ray initiated showers. 


We have set a 95% confidence upper limit of 1.3% for any 
enhancement by y rays of the 10'°-10'° eV cosmic ray flux from 
the galactic plane. This sets a limit to the total flux of ultra high 
energy galactic y rays at ~40 times that observed from Cygnus 
X-3. Cygnus X-3 must then be amongst the brightest sources of 
such y rays in our galaxy. These y rays may be responsible for 
the ankle in the cosmic-ray energy spectrum above 10° eV. 

This work was supported by the Australian Research Grants 
Committee. We thank Dr J. Lloyd-Evans for permission to use 
unpublished data from his thesis. 
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Electron density turbulence in the Galaxy causes radio sources to 
be broadened angularly by amounts that depend strongly on the 
direction of the source. Recent scattering measurements using very 
long baseline interferometry (VLBI)' and interplanetary scintilla- 
tions (IPSF of extragalactic sources, and interstellar scintillations 
(ISS) of pulsars’ are used here to constrain the distribution of 
scattering material in the Galaxy. Although ubiquitous, scattering 
material appears to be highly concentrated in a thin disk of 
~ 100 pc thickness and in clumps of 1-10 pc size probably associ- 
ated with H 11 regions, stellar wind bubbles, and/or supernova 


\ shocks. Typical transverse velocities of scattering material are 


“much smaller than typical pulsar velocities. We predict the scatter- 
“ing angle as a function of galactic latitude. The results imply a 


maximum observable surface brightness for incoherent sources of. 


electron synchrotron radiation. 

Recent work has demonstrated that electron density fluctu- 
ations on length scales of 10°-10'' cm conform to a power law 
wavenumber spectrum of the form C2g™* with a =3.6+0.2 
(refs 3-6) where q is the wavenumber. This form of the spectrum 
is consistent with detailed measurements on a few lines-of-sight. 
Less detailed measurements on others sometimes suggest differ- 
ent values of a (refs 3, FY; We adopt a specific value (a = 11/3) 
in the analysis below which i is in agreement with the best studied 
lines-of-sight. Variations of a with direction will not grossly 
modify any of our calculations. There is some evidence that the 
spectrum extends over six or more decades in wavenumber, q 
(ref. 6). Although the slope of the spectrum shows little variation, 
the level of turbulence C? varies by at least four decades, both 
in going from high to low galactic latitudes and between lines-of- 
sight confined to the galactic disk’. 

a. We now use scattering and scintillation observables to con- 








M strain f urther the distribution of scattering material in the Galaxy : 
and to provide a model for the observed scattering disk size as 


a function of galactic coordinates. VLBI measurements deter- 
mine the scattering angle fiss (FWHM) directly. IPS yields 
angular sizes by comparing the scintillation power spectrum of 
a source seen through the interplanetary medium with that of 
a point calibrating sour at the same solar elongation. Interstel- 
lar scintillations of pulsars ar arameterized by the scintillation 
bandwidth Afiss and $ ation fluctuation time Ati, (both 
half widths at half maxima of the two-dimensional intensity 
correlation function). | The: catering aa for a plane-wave 
source is’? (with C2 in units of m 


Biss = 0. 133 A ; pole 1/5 


where L is the effective path length in kpc, f is the observation 
frequency in GHz, and () denotes average over path length. 
The wavenumber that contributes most to the scattering of a 
given source (if all turbulence were confined to a thin layer at 
distance L/2) is qer = 27 0is5/A. Relative motion of source, tur- 
bulence and observer causes time variations with an effective 
aœ , velocity. 























Viss ™ 10*“(LypeAfiss)'’?/ Atissfou2 kms’ (2) 


(Afiss in MHz) which has been shown to correlate at the 66% _ 
level with pulsar velocities obtained interferometrically’. Con- 
sequently it appears that Visg is dominated by the pulsar velocity — 

_ rather than that of the scattering medium. This would seem to 
M rule out enhanced ISS from stellar winds themselves which, by 
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Fig. 1 Scattering diameter at 1 GHz versus galactic latitude for | 
the inner galaxy. @, VLBI measurements of- extragalactic n 
sources 76?” and arrows represent lower and upper limits. The. 
point for NGC6334B is an extragalactic source viewed through 
the H n complex NGC6334 (ref. 28). O, Implied. angles derived 
from pulsar scintillation measurements and the effective scattering 
angle for a source of. plane waves at the distance of the pulsar 
(5-10 kpc). The shaded region summarizes the IPS observations 
of sources in the direction of the galactic centre? and the dashed 
lines are predicted angles from a survey of pulsar ISS*. a 


ey with IPS and the solar wind, would yield Viss~ 
0-10 kms” 


Pulsar ISS measurements for 76 obječis suggest: a two- a8 
component model for Ch: component A with scale height H,> 
0.5 kpe, Ch~ 10°, and volume filling factor ~1; component —__ 


B wherein C2 is large in clump-like regions of size Raamp™ 
1-10 pe with very small filling factor ~ 1074. 


mon at galactocentric radii smaller than that of the Sun. 
However, the increase may also reflect an increasing probability 
for encountering clumps with increasingly larger internal. C}. 


The anticentre directions yield (C2) that are typically smaller iz o 
than those within the solar circle for the same distance, so that 


there seems to be a real galactocentric radial dependence. The 
mean free path for encountering clumps is Lmtp~ 2-10 kpe so 
lines of sight with |b|= 10° sample only the ‘A’ component. 


_ The pulsar results are in good agreement with both recent . 
VLBI and IPS measurements. A recent survey’ of low-latitude _ 
x (b| < 5°) compact extragalactic radio sources at 408 MHz shows _ i 
that 8 out of 18 sources towards the inner Galaxy gys Iz 19 a 








-107°; and small 
scale height, Ha~ 50-100 pe (ref. 3): The pathlength-averaged ae 
C%., (C2), increases systematically with decreasing galactocen- 
tric radius, suggestive of component B clumps being more com- 





are sufficiently scattered to yield no fringes implying, typically, 
8 20,2-0.3 arc s. By comparison, all 11 sources within 197°< 1< 
234° had 8 <0.2 arcs and only one showed no fringes, probably 
because it lies behind an HII region. The VLBI results are 
consistent with a 50% probability for heavy scattering of 
extragalactic sources in directions 10°<1<80° and |b|= 1°. A 
search for sources that display IPS* at 327 MHz in the regions 
~10°<1<30° and 180°<1<210° with |b|< 12° show a marked 
lack of scintillating sources towards the inner Galaxy. Only two 
out of an expected eight such sources were detected above a 
flux density of 0.2 Jy for |b| < 2.5°, suggesting that the scattering 
disk due to interstellar scattering 20.5 arcs, typically. 

We combine all data for the inner galaxy in Fig. 1, which 
shows the equivalent scattering angle (FWHM) at 1 GHz after 
scaling all measurements according to A**. VLBI measurements, 
upper limits, and lower limits are shown as dots or arrows, the 
IPS results are summarized as a shaded region which designates 
8 >43 marcs for |b|<2.5°, and the pulsar measurements are 
displayed as predictions for the scattering angle derived from 
the two-component model. We also show the implied scattering 
angles for four highly scattered pulsars. Two prediction curves 
are shown which bracket the expected range of angles. For 
|b| = 3°-6°, scattering angles are determined by the ‘A’ medium 
for nearly all lines-of-sight and are deterministic. For smaller 
latitudes the scattering angle is a random variable (associated 
with the probability of intersecting a component B clump) and 
may fall outside the predicted range, as some of the upper limits 
apparently do. Break points in the prediction curves occur at 
angles ~ Hp/Linax and Ha/ Linax~ Hp/ Lintp Where Lmax is the 
maximum possible pathlength, taken to be 10 kpc. Apart from 
the break points and the constant parts of the curves for |b| = 0.7°, 
the scattering angle varies as ~|sin b| 7⁄5 but with different 
proportionality constants for different ranges of b. We note that 
our results for |b| = 10° agree with previous results based solely 
on IPS measurements!®!!. 

The predicted scattering angle can be considered the apparent 
diameter of a scattered point source only as long as the condition 
of strong scattering holds®. Roughly, this is true if qea 2 d fresnel = 
2r/ VAL or O52 /A/L. At smaller A, the scattered source 
brightness distribution takes on a core—halo form (for intrinsic 
source size « scattering disk size). At b = 90°, @,5,~ | marcs at 
1 GHz implies that strong scattering occurs for A= À, ~ 4cm. 
At directions towards the inner Galaxy with |b| = 1°, A.~ 0.12 cm 
for @iss ~ 100 marcs and an effective screen distance of 5 kpc. 
The compact source Sgr A at the galactic centre with Oiss ~ lL arcs 
at | GHz (ref. 12) yields A, ~ 0.3 mm if the apparent source size 
at decimetric wavelengths is indeed due to scattering. Although 
free—free absorption! from gas with a density r`’ can also 
produce a wavelength dependence 6 A* and the angular size 
is an order of magnitude larger than the most scattered pulsar 
(PSR1641—45), the necessary amount of scattering (from the 
general galactic turbulence as opposed to turbulence local to 
the source) is not an unrealistic extrapolation of the pulsar 
results. This follows because Sgr A is further than the most 
scattered pulsar and the line-of-sight passes through much more 
ionized material. The pulsar results themselves indicate that Oc. 
increases much more rapidly than the L^ variation that would 
be expected for a medium with a uniform level of turbulence. 
We also note that scattering may produce asymmetric images 
such as has been reported for Sgr A't. Turbulence in an 
anisotropic medium, that is, one with a preferred direction 
. associated with a velocity flow, magnetic field or gradient in the 
level of turbulence, has an anisotropic wavenumber spectrum 


5 _. which will yield an asymmetric scattering disk. As yet there is 
ree -no evidence for such an asymmetry from observations of astro- 
- nomical sources. IPS measurements at 74 MHz (ref. 15) show 


asymmetric diffraction patterns which are thought to derive from 
the intrinsic source structure of extragalactic sources because 
the Crab pulsar, after angular broadening due to ISS, shows no 


3 : asymmetries in its IPS diffraction. The possibility still remains, 
< however, that sources showing large amounts of scattering will 
-. þe broadened asymmetrically. 
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The available evidence implies that scattering occurs along 
every line-of-sight, albeit by vastly different amounts. Tur- 
bulence extends to at least 0.5 kpc in a diffuse component but 
has large amplitudes in clumps whose distribution resembl 7 
population I class of objects. Pulsars that are known to ha¥e 
intervening H II regions (PSRO6!1 +22) or supernova remnants 
(Crab and Vela) all show enhanced scattering. However, there 
is no knowledge of the relative importance of a large mean 
electron density and the energization required to drive the tur- 
bulence. What analysis exists implies that considerable energy 





is required to maintain the density fluctuations’. 


Because of its ubiquity, ISS has important consequences 
concerning measurements of intrinsic source sizes, ý. In the 
conditions iss = w = €0, where { = | is a dimensionless numeri- 
cal factor and 0,~A/27Lé@s5 is a critical angular size, the 
brightness distribution is irretrievably broadened into a distribu- 
tion of width Oiss". Only for #<@, is the radiation field 


-coherent over the scattering disk, a requirement for observing 


fully modulated interstellar scintillations and for determining y 
from interferometric observations, provided the bandwidth and 
integration time are less than those characterizing the ISS (for 
example, Afiss and Atjs, defined above)'’'*. ISS observations 
can probe intrinsic sizes with ¢=¢/0,<10° by measuring” 
intensity variations down to a modulation index Mis ~g 
0.1% (smaller indices are probably impossible to measure 
because of instrumental effects'*-”* and therefore y » 6, for these 
sources). (Recent work’ has suggested that intensity variations 
of extragalactic sources may be caused by refraction from galac- 
tic electron density turbulence. This possibility is peripheral to 
the issues we discuss here.) Although new classes of extragalactic 
objects may be discovered which satisfy y = 6,, at present it 
seems that w > 6, for extragalactic sources and therefore any 
interferometer observation will measure an angular size Oiss if 
i < biss and A > A, ~ 4 cm (observing perpendicular to the galac- 
tic plane). Therefore, interferometer observations with baselines 
~10R tanh fonz ~- will tend to be dominated by ISS, and baselines 
twice this size will totally resolve the scattering disk (for J= 
7 GHz or A >A, ~ 4 cm). Taking bss = 0.5-2.0 m ares at | GHz, 
we find that the maximum observable brightness temperature 
for high-latitude sources is 


Toan oe 19'*'*°¢5,,, GHz K, f= 7 GHz (3) 


Therefore, intrinsic source structure having a brightness tem 
perature close to or in excess of the inverse Compton limit 
(~10'* K) will be difficult, if not impossible, to resolve at 
frequencies <| GHz. We point out, however, that the detection 
of diffraction-produced intensity variations at sub-GHz frequen- 
cies would necessarily imply T,> 10'* K (refs 19-21). 

The only known class of sources for which these limitations 
can be overcome are pulsars, which show interstellar scintilla- 
tions and whose emission regions satisfy yy < 8, (ref. 25). VLBI 
observations with bandwidth and integration time smaller than 
Afiss and å tss, respectively, will yield fringes on baselines <A/w 
whose phase and amplitude vary randomly on a time scale å fiss. 
Consequently, fringes should be detectable out to at least | AU 
for a typical pulsar at | kpc distance and probably on much 
longer baselines because emission regions are evidently much 
smaller than the light cylinder radius”. 

We thank R. V. E. Lovelace for useful discussions. This 
research was supported by the National Astronomy and Iono- 
sphere Center which is operated by Cornell University under 
contract to the NSF. It was also supported by the Alfred P. 
Sloan Foundation (J.M.C.) and NSF grant AST-8311844 to 
Cornell University. 
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An X-ray pulsar has been detected for the first time as a very 
high-energy (VHE) y-ray pulsar. X-ray emission from Hercules 


X-1 is multiply periodic with a pulsar period of 1.24s, a binary 


orbital period of 1.7 day and a 35-day amplitude modulation of 
unknown origin characterized by a sharp turn-on followed by a 
slow decline over 11 days. During a drift-scan we have detected a 
Significant 3-min outburst of VHE y rays, which had a 1.24-s 
periodicity. This outburst occurred 35 days before an observed 
X-ray turn-on. The y-ray luminosity during the outburst was of 
the same order as the X-ray luminosity. Together with the coin- 
cidence in time, this suggests a connection between the mechanisms 
giving rise to the y-ray outburst and the X-ray turn-on. Subsequent 
monitoring of the source during a period when the X-ray flux was 
decreasing yielded some evidence of much weaker pulsed y-ray 
activity at the pulsar period. We note a possible similarity between 
this system and Cygnus X-3. 

The discovery of Her X-I as a pulsing (1.24-s period), eclipsing 


optical counterpart was identified as Hz Herculis? following an 


improved positional determination for the X-ray source and tie 


detection of a related 1.7-day orbital period. 


Studies** of this first binary X- -ray source to be detected reveal 
that the emission from the system is complex but involves. 


variable emission of X-ray. and: optical photons with modula- 
tions, differing with wavelengt on-time scales of 1.24s, 1.7 
and 35 days, the first two be ttributed to the pulsar and 
binary orbit respective rof the 35-day modulation 
-is less clear. It has bee y the 1.7-day orbital period’, 

although many theorie been based on the precession of 
the rotation axis or the obscuration of our view by a periodically 
moving disk. The pulsar period has been observed to spin up 
at a rate, averaged over ll yr, of about 107'°ss7'. Recent 
measurements of the X-ray pulse period have been made by the 
Hackucho and Tenma satellites®. In two observations in June 
1982 and May 1983, the X-ray data show periods of 1.2377870s 
and 1.23778873 s respectively, agreeing broadly with the long- 
term trend for the pulsar to spin up, but with large and opposite 
signs of period derivative: (+7.4+5.9) x 10°? ss~! and (—3.6+ 
43) x 107" ss ' respectively, Optical and IR measurements’ 

made in July 1982, a date between the X-ray observations, 

suggested that the period could be much longer, perhaps as long 











as that noted in 1972. There is thus recent evidence for a large 
excursion of the pulsar period from the long-term trend, which 


is consistent with the indications for the behaviour in 1982-83 
suggested by the signs of the X-ray period derivatives. Data on 
_ the pulsar period for the past 11 yr are summarized in Fig. 1. 
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nary X-ray source was made by the UHURU group’. The 








Observations of Her X-1 were made on 17 April 1983 using- 
the array of four telescopes of the Dugway VHE y-ray facility®? 
The telescopes have an energy threshold of ~1,000 GeV 
aperture of ~2° FWHM and a sensitivity (for a 30 detection o 
pulsed emission lasting for 10 min) of ~3 x 10°!° cm~? §7!. The 
initial observation comprised four drift scans, each lasting 
40 min. The time of arrival of each recorded light flash was 
corrected to the Solar System barycentre. Assuming that the 
source of any y rays is located at the same part of the system 
as the X-ray source, the times were corrected to the binary focus: 
using the X-ray orbital ephemeris'®. 

Emission of VHE y rays from Her X-1 was noted in the April 
observation as a marked outburst in the count rates of our 
telescopes during one of the four drift scans, which were taken 
in ideal sky and stable experimental conditions. The excess for 
the total time that Her X-1 was in the field of view of the 
telescope was 14+7%. The data indicated that the activity lasted 
for ~3 min, during which an enhancement of 33+ 10% in the 
gross count rate occurred (see Fig. 2a). The events during this 
outburst were periodic with the characteristic X-ray pulsar 
period (Fig. 2b). Because the expected light curve is unknown 
at these energies, the general Rayleigh test® for the strength of 
the first harmonic of a periodicity was used. The inherent samp- 
ling resolution of the periodicity is ~3 ms, rendering redundant | 
the reduction of the orbit to the focus and preventing the 
measurement of an accurate period. The probability of this 
periodicity arising by chance is 4 x 107*, with an estimated first 
harmonic periodic content of 39%. The excess periodic y-ray 
counts detected in the drift scan are therefore practically 100% 
pulsed. The profile of the pulsed component through the scan 
is depicted in Fig. 2c as the per cent pulsed in 3-min sliding 
sections. (The apparent narrowness of the peak in Fig. 2c com- 
pared with that in Fig. 2a is due to the nonlinear relation between 
chance probability and per cent pulsed signal.) 

The increase in count rate and periodicity were shown both 
by those events triggering a single telescope, and independently 
by those events in which two telescopes detected the Cerenkov E 
light pool from the same (perhaps higher energy) primary. The — 
excess occurred ~5 min before the object was in the centre of 
the field of view of the telescope. Inter-detector fast timing 
indicates that the pulsed events in the excess arrive from a 
direction ~1° below the centre of the field of view coinciding 
with the position of Her X-1. There is therefore, in one of four 
drift-scans, a >30 count rate excess for 3 min from Her X-1, = 
which is periodic at a >3o level at the X-ray periodic. Allowing 7 
for the degrees of freedom, the overall statistical significance of 
this An observation is T% 10 . The a curve > for: the ) 
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Fig. 1 The period of the Her X-1 pulsar. f, Present value derived 


from the July observation; earlier values are from refs 6, 7. Dashed 
lines indicate the measured period derivative in X-ray observations. 
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of the detection, these data taken over a prolonged interval 
allow a test of the accurate Te enma. period. The 20 effec A 
noted within the sampling range of the extrapolated period fron — 
the 1983 May Tenma X-ray measurement (1.2377873 s) and the 
detected period i is indicated on Fig. 1. The time-averaged flux 
of yrays is 0.84+0.4% of the background cosmic ray flux, 
corresponding to a flux of (3+1.5)x107'' cm™*s7! for energy 
> 1,000 GeV. 

We conclude that Her X-1 is emitting pulsed VHE y rays 
sporadically with chance probability of 7 x 10~* and a peak flux 
of 1.2x10 ° cm™*s7' above an energy of 1,000 GeV at a time 
in April 1983 hed according to the Tenma satellite data on 
22 May 1983, the X-ray turn-on in the 35-day cycle may reliably 
be expected. The short outburst occurred at phase 0.76 in the 
1.7-day orbit when the pulsar in the binary system was moving 
almost directly away from the Earth. X-ray turn-on has been 
observed to occur around phase 0.2 or 0.7 in the 1.7-day cycle 
every 35 days. The optical emission is also strongest at these 
same two phases’?. The shortest known time for turn-on is 
<700 s, being the interval between successive X-ray observa- 
tions. It is thus possible that the X-ray turn-on is accompanie 
by the emission of a burst of VHE y rays lasting ~3 min. If th 
were the case, an X-ray turn-on took place on 17 April 1983 
08.44 UT. | 

The July 1983 data indicate atthe 2c level that a time-averaged 
flux of 3x107" cm?s™' exists at the precise pulsar period 
according to a contemporaneous X-ray measurement 
(1.2377873 s), if we assume that the VHE y rays originate with 
the X rays and make the appropriate allowances for the 1.7-day 
orbit. A conservative estimate of the probability of chance occur- 
rence of the April event and the overall July emission is 5x 107°. 

The VHE y-ray data were taken when unusual behaviour of 
the temporal features of the X-ray and optical components was 
reported >’ and when the X-ray flux was decreasing. The time- 
averaged VHE y-ray luminosity is 210° ergs” (assuming a 
differential spectral slope of -3 and distance 5 kpc), : which i is 
~0.5% of the X-ray luminosity including soft X rays. 

We know of no previous attempt to detect VHE y rays from 
this object. Flux limits’? on other X-ray Rr Suggest typical 
limits of 107'° cm~? s™' at an energy of ~ 1,000 GeV. The only... 
other (and much more distant) ‘X-ray binary source to be dete 
ted in VHE LY rays is: Cygnus X-3. The emission from Cyg 
peaks at 107° cm™*s~' during short intervals of the 4.8-h binary 
period. The duration of the intervals of emission detected during 
drift scans vary from 1 5-30 min (ref. 14) to 1 b (ref. 15) (although 
these durations may be maximum values as they are similar to 
the duration of the drift scans) and they occur about 0.3 of a 
4.8-h period before the X-ray minimum. Continuous observation 
of the object suggest that the emission may be as short as 3 min 
(ref. 9). In addition there have been indications that the strength 
of this 4.8-h periodic emission in both X rays and VHE y rays 













No.of events 





05 ET 
Phase(arbitrary units) So 
E Fig. 3 The light curve for the VHE y rays from Her xi using... 
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is itself modulated with a 34,1-day period. There is thus a 

resemblance between the VHE y-ray properties of Cyg X-3 and 

Her X-1, although a pulsar period remains to be detected for 
£98 X-3. 

: his work was funded by the SERC and was carried out at 

Dugway Proving Ground, Utah. We thank the commander and 
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Iron cosmic spheres, composed of iron oxides surrounding a FeNi 

metal core, were discovered more than a century ago during the 
voyage of the HMS Challenger'. That tbe spheres originated by 
atmospheric melting of meteoritic metal is supported by a variety 
of evidence, including elemental composition’, the presence of the 
metastable oxide wustite’, similarity to analogues produced in the 
laboratory“ and content of Mn produced by exposure to cosmic 
rays”. We report here a previously unrecognized property of the 
spheres. The most common spheres larger than 300 pm do not, in 


` act, contain FeNi metal cores, but instead contain a micrometre- 


sized nugget composed almost entirely of platinum group elements, 
These elements appear to have been concentrated by the oxidation 
of molten meteoritic metal during atmospheric entry. This process 
is critically dependent on the relative abundance of oxygen in the 
atmosphere, and the first appearance of the nuggets in the geologi- 
cal record may provide a marker indicating when the oxygen 
abundance attained half of its present level, 


The spheres used in this study were collected with a magnetic 
collection sled (the Cosmic Muck Rake), towed across two- 
locations on the ocean floor 1,000km east of Hawaii®. The 


platinum group nuggets (PGN) were first identified as 5-10-yum 
diameter spheres in sectioned iron spheres (Fig. 1). A survey of 
110 such polished sections, 300-500 um in diameter, revealed 
four PGNs. We then mounted 11 300-um iron spheres and 
sequentially polished completely through them, inspecting them 
at 1-2 um depth intervals. Solitary PGNs were identified in seven 
of the spheres; additional nuggets may have been plucked out 
during polishing. None of the PGN-bearing spheres contained 
FeNi metal cores. From statistical analysis of these results we 
conclude that half or more of the spheres >300 um contain a 
._ single PGN, that less than half contain the previously described 
large FeNi metal cores and a smaller fraction contain no metal 
< at all. 

The analyses of 10 nuggets shown in Table | and Fig. 2 were 
obtained by energy dispersive X-ray analysis in an analytical 
scanning electron microscope (SEM). This approach was chosen 
in preference to the electron microprobe so that the beam could 
be precisely located on the nuggets. Pure element standards 
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were used and ZAF corrections were made to determine absolu: 

concentrations. The L lines were used for elements heavier than 
Ni and peak integrals were determined by the ‘super M. 
multiple least squares fitting procedure’. The accuracy of this 


method for the moderately overlapping lines of Ru, Rh and Pd — i, 


was confirmed by tests on synthetic spectra that closely matched _ 
those of the samples. 

The analyses show that the nuggets are exotic alloys of group 
VIII refractory siderophile elements. More than 70% of the 
mass of a typical nugget is composed of Os, Ir, Pt and Ru. As 
seen in Fig. 2, five of the nuggets have unfractionated chondritic 
compositions for the platinum group elements. The mass of 
these elements in a nugget is consistent with formation by 
efficient concentration from a sphere of meteoritic metal similar 
in size to the host oxide sphere. Four of the nuggets have 
systematic depletions that correlate well with volatility: 
especially conspicuous are large depletions of Ni and Pd. One 
nugget is enriched in the more volatile platinum group elements. 

A conceivable origin for the nuggets is that they are preserved 
relics from parent meteoroids and resemble platinum group 
nuggets found in carbonaceous chondrites*”. The nuggets repor- 
ted here, however, are much more abundant and are generally 
larger than those of similar composition found in meteorites. 
The strongest argument against this source is that PGNs are 
never found in stony cosmic spheres. In our examination of 


_ polished sections of 1,000 stony (chondritic) cosmic spheres in 
the 300 um to | mm size range, no PGN was observed. 


The most likely origin of the PGNs is that they are the natural 
product of the heating and oxidation of small meteoritic metal 
particles during hypervelocity entry into the atmosphere. As the 
metal melts and begins to oxidize, elements more noble than 
iron remain in a rapidly shrinking metal bead surrounded by a 
growing shell of immiscible molten iron oxide (Fig. 3). If oxida- 
tion is not extreme, the sphere retains a relatively large Ni- 
enriched metal core. Nickel enrichment by this process is ob- 
served in deep-sea spheres’? and also in spheres associated with 
terrestrial impact craters'" 12" With more complete oxidation, 


“most of the iron and nickel leaves the metal core and the result 


is a PGN. None of the platinum group elements is oxidized 


because of the low partial pressure of oxygen at the altitudes se 
(70-90 km)'* where the spheres are molten. Oxidation of Os — 


can occur at this pressure (< 107° atm for O,) only if the tem- 


perature is below 600 °C (ref. 14): by the time the sphere is this : k 


cool, the nugget has been encased in solid iron oxide. 


If heating is not severe (for example, due to low entry a es 


or velocity), the comparatively volatile elements like Rh, Ni and. 
Pd are retained and a chondritic abundance pattern like the 
curves in Fig. 2 can be preserved. Extreme cases of heating 


result in vaporization of Ru, Pt, Rh, Pd and Ni and the product 2- 


is a highly fractionated Os, Ir rich nugget, as seen in the e lower 





Fig. 1 Scanning electron micrograph of an 8-yum platinum group 
nugget in a polished section of an iron type cosmic deep-sea sphere. 
The host sphere is composed of magnetite and wustite: 
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curves cet Fig. 2. Temperatures above 2,400 °C are required to 
produce significant Ru vaporization’ 5,16 during the 5s of peak 
-o heating that typical small particles experience near altitudes of 
z 80km (ref, 13). Significant heating above this temperature would 
oe result in vaporization of the oxide shell and the final product 
would be a bare nugget composed mostly of Os and Ir. Although 
these bare nuggets have not been observed, they may be more 
common than those embedded in oxide shells. The Pt/Ru/Rh- 
h nugget (the highest curve in Fig. 2) cannot be produced by 
G volatile loss from a source of chondritic composition. Unlike 
z: the other nuggets, this one must have originated from a source 
> that has a Pt/ ir ratio higher than chondritic, possibly a IH A,B 
3 ‘iron meteorite”. One remarkable aspect of PGN formation in 
= iron spheres is that the Pt group metals are efficiently concen- 
trated by factors of >10° above chondritic on a time scale of a 
~~ few seconds. 
> We conclude that typical half-millimetre particles of 
meteoritic metal are severely heated and oxidized during entry 
into the atmosphere and that these processes concentrate the 
refractory platinum metals into a small bead ~10 um in size. 
A S described elsewhere'*, there is evidence that most of the iron 























Sample /solar abundance (Os = 1.0) 





ce] Are: of. 1 torr trange. from 3, 500 °C for “Os to I ‚900 °C for Pd. This 
ioo Vapour. pressure produces vaporization at a rate of the order of 
cut 5X10 ems”! for a pure element'?”°. Arrows descending to the 
- tight indicate abundances below the indicated. detection limits for 
= Rh and Pd. 


cosmic spheres are actually not melted iron meteoroids but 
droplets produced by reduction in carbon-rich chondritic parti- 
cles undergoing pulse heating at the top of the atmosphere. If 
this is the case, then a considerable fraction of the Os and Ir 
currently being accreted by the Earth could be in the form of 
PGNs. If this process occurs during major inputs of extraterres- 
trial material into the atmosphere, for example, at the end of 
the Cretaceous’, PGNs would form in enormous numbers. The 
nuggets should be quite stable to alteration and might survive 
as unique physical markers, while other debris weathers ss do. 
recognition. | 
The formation of PGNs in iron cosmic sphéres requires essen- 
tially total oxidation, a process that is only barely possible with 
the present abundance of oxygen in the atmosphere. Assuming 
that an impacting air molecule transfers all of its momentum to 
the decelerating meteoroid, then the particle will decelerate to 
13% of its entry velocity after it has encountered an air column 
whose mass is twice the particle mass. Below this velocity the 
particle will not remain molten and PGN formation cannot 
occur. This simple momentum transfer calculation shows that 
during the time that a small iron meteoroid is strongly heated 
by atmospheric friction, it collides with a total number of oxygen 
atoms that is less than twice the number of iron atoms in the 
particle. Accordingly, we predict that iron cosmic spheres that 
formed before the abundance of oxygen in the atmosphere 
reached half its present level could not be totally oxidized during 
entry and should not contain PGNs. The study of PGNs in iron 
cosmic spheres recovered from dated stratigraphical layers may 
provide a means of determining when in the Earth’s history t tt 
oxygen abundance rose to half its present level. | 





(Platinum group nugget ~i Fe Ni metal (Ni rich) 


Fig.3 The most common sequence of events that produces iron 
cosmic spheres containing platinum nuggets. An interplanetary 
dust particle melts during atmospheric entry and forms the com- 
posite spheroid of molten silicate and metal shown in the upper 
left. Due to their large density differences, the metal and silicate 
fractions separate by inertial forces forming a metal sphere and a 
silicate sphere". The metal sphere develops a rapidly growing 
oxide shell and siderophile elements more ‘noble’ than iron concen- 
trate into the shrinking metal core. When oxidation is nearly 
complete, most of the iron and nickel leave the core, resulting in — 
a small nugget of nearly pure platinum group elements. Continued — 
strong heating may vaporize the oxide shell, leaving only. the 
nugget. 
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Seismologists bate begun to recognize that the upper mantle at 
depth is anisotropic and that seismological data are not fully 
explicable if anisotropy is ignored’°. On entering an anisotropic 
zone a plane shear wave splits into two. orthogonally polarized 
phases’; an effect observed by several researchers’, notably by 
Ando et al.°*’. The near vertical ScS wave, an S wave reflected. 
fonce at the core-mantle boundary, is one of the most suitable 


The split ScS shear waves travel with different velocities in the 


anisotropic zone. and consequently. there is a time delay between 
their arrival at stations. My aim was to determine this time delay - 
and the azimuth of polarization using the SeS records of two. 
horizontal components from the Japanese islands fora deep shock 
From the total of 41 stations 34 show 






beneath the Sea of Okhotsk. 
a polarization of th mum velocity. phase in the NNW-SSE 
direction with an average time advance of ~0.8s from the minimum 
velocity phase. The rel ant anisotropic zone seems to be deep 














of the ScS wave before it enters an 
sfy two conditions for the splitting 
bserved. First, the particle motion 
rallel to one of the principal axes of 
anisotropy as little shez ‘wave splitting occurs in such cases. 
Second, from the focal mechanism point of view, the particle 
motion must have a large amplitude. The earthquake studied is 
a rare event that meets these two conditions at almost all the 
apanese stations (see Table 1). 

The hypocentral parameters of this earthquake are given by 
ISC as follows: date, 29 January 1971; origin time, 21 h 58 min 
03.28; epicentre, 51.69°.N, 150.97°E; depth, 535km (pP-P); 
magnitude, m,= 
- components seismographs with a natural pendulum period of 
a ~5 s courtesy of S. Mori of J aa at al stations of the Japan 


anisotropic zone must 
phenomenon to be 
should not be closely 
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- motion diagrams thus offer a diagnostic demonstration fe 
- existence of anisotropy in the Earth with its maximum velo 


phases to study the phenomenon of shear wave birefringence. | 
because it is isolated from other phases and because its particle = 
motion is nearly horizontal and thus free from S to P conversion. — 


=6.0. We used the data from the three- 


taaemman ram enti 







Meteorological Agency (JMA). The epicentre and the 
distribution are shown in Fig. 1. The ScS rays are nearly verti 
incident to each station because of their closeness to th 
centre. The original paper speed of the JMA seismograms wa 
either 3 cms~' (smoked paper) or 6 cm s™' (ink writing). All th 
ScS records of horizontal components were enlarged | toan 
equivalent paper speed of 12cms™' and digitized every 0. Qs 
with an interval of 20 s. The digitized records were then corrected 
for the armlength of the pen recorder. Figure 2 shows several 
examples of the resultant horizontal traces; three methods were. ne 
used to analyse them. ate 
(1) Two horizontal records were synthesized into a particle oe 
motion diagram. In the absence of anisotropy the particle orbit = 


was expected to be linear. After passage through an anisotropic coe 


zone, however, the particle motion would start with a movement 
along the polarization azimuth of the maximum-velocity phase 
and end with a movement along the azimuth of the minimum- 
velocity phase. The locus in between was expected to be approxi- 0 
mately elliptical for a long-lasting signal. As seen in Fig. 2, the ¢ 
initial swing of the observed particle motion was generals x 
directed towards the south-southeast. This swing was the 
lowed by a counterclockwise elliptical rotation. It was « 
to identify the last swing of the ScS motion because of the 
waves. In some cases, however, a last swing towards th 
northeast was seen for example, at URA, ISN, KYO. The pa 











polarized in the NNW-SSE direction. . 
(2) Two horizontal seismograms were rotated in a doviwis 
direction. An appropriate rotation would resolve the ScS \ wave : 
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Fig. 1 Epicentre (x) and seismographic stations 5 (®) ised! in thi 
study. Letters indicate the six stations which appear in ] B 
Isodepth contours of deep earthquakes are also shown. | | 
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Fig. 3 Polarization azimuth of 
maximum-velocity phase of ScS 
wave and time delay between 
maximum- and minimum-velocity 
phases. Arrow indicates the 
azimuth of maximum velocity for 
horizontal propagation of P waves 
through the oceanic lithosphere’. | 

Le. ht a 


mograms. Figure 2 also shows the particle motion diagr ams 
corrected for anisotropy. Again the orbital linearity is much 


better than that of the uncorrected particle motion diagrams. 
As pointed out by Ando et alè? the linear trend of the corrected 






the ScS motion is calculated for the nodal plane solution given. 
in Table 2 of ref. 10. The direction so calculated is attached to 
each of the particle motion diagrams corrected for anisotropy; 
the agreement is very good. The average of the azimuthal differ- 
ences between the observed trend and the predicted one is 
4+ 12° (35 stations, see Table 1). 

The result of the analysis is summarized in Table 1 and is 
shown in Fig. 3. The uniformity in polarization azimuth is 
remarkable. Out of 41 stations, 34 show a polarization of the 
maximum-velocity phase in the NNW-SSE direction. These 
stations are distributed over all the Japanese islands (Fig. 3). 
Only NAH, the most distant station from the epicentre, shows 
a polarization in the east-west direction. If this station is 
excluded, an average polarization azimuth of (N17° W- 
S17° E)+ 10° is obtained for the maximum-velocity phase with 
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| 4, Epicentral distance. 8, Station to epicentre 


motion. Sty Sealab 
“Particle motion difficult to interpret. 
<o . Signal amplitudes of NS component too small. — 
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32° 36* 


particle motion must agree with the direction of the ScS motion _ 
predicted by the P wave nodal plane solution. The direction of | 


Table 1 Results of the earthquake analysis 


es oP AS 
o Station (deg) (deg) (%) ( 


; azimuth (from north clockwise). A,, Relative ScS amplitude expected from focal mechanism. ba, - 
Direction of ScS motion expected from focal mechanism. 6, Direction of ScS motion observed after anisotropy correction. ¢, Polarization azimuth © 
of maximum-velocity phase. 7, Time delay between two polarized phases. C, Correlation analysis of waveform. R, Regression analysis of particle: 









an average time advance of 0.8+0.4s from the -minimum 


velocity phase. A time difference of 0.8s corresponds to a 


__velocity difference of 4-5% in an anisotropic zone with a vertical 
extent of 100km. The velocity difference would be reduced to 


a half if both the downgoing and upgoing ScS waves pass this 
anisotropic zone. For the remaining six stations I could not 


obtain the result with confidence for the reasons outlined in 


Table 1. a oN 

I conclude that there is an anisotropic zone in the ScS ray 
paths from the hypocentre to the Japanese islands. It is impos- 
sible to locate the site of anisotropy from the present analysis. 
It would, nevertheless, be rather surprising if the upper mantle ee 
above the deep seismic zone were to be so uniformly anisotropic 
over the whole Japanese islands in a variety of tectonic settings. 
In fact, Ando et al”? observed that the anisotropic nature above 
the deep seismic zone in Central Honshu, Japan, varies consider- © 
ably even on a horizontal scale of 100 km. The observed unifor- 
mity in polarization azimuth seems to indicate that the relevant 
anisotropy is deep-seated. For example, the anisotropy may 
reside in the descending slab of lithosphere. If this. is the case 
the ScS waves encounter the anisotropic zone at least once near 















deg) (deg) (deg) (s) Metho 
OSH 18.9 23 88. 120 129 165 06 
SHZ 190 25 °° 87 119 104 159 10 
NAG 193 27 86 118 119 169 03 
HMM 195 25 87 118 103 167 14 
TYK 199 31 85 116 120 150 06 
SAI 19.9 34 -84 liS I2 189 0.4 
KYO 19.9 29 86 117 118 159 04 
HIJ 20.3 20 89 121 Wil 157 l4. 
OSA 20.3 28 86 II? 109 156 0.4 
WKY 209 28 86 Hi7 II8 157 06 


OKA 21.0 31 85 116 103 147 02 
HMD 21.6 33 8&4 114 ë HO 153 QI 
HIR 21:97 32 85 HB : 4 i 
MRT 22.1 28 86 liç Hi0 182 08 
SHN 22.9 33 84 «6114 102 162 12 
ASZ 230 29 £486 Il6 vi j ü 
FKK 23.5 33 84 ll4 IB 163 08 
MYZ 244 30 86 l5 F t f 
KAG Zda 31 8&5 H5 i t T 
TAJ 25.6 29 86 115 93 140 02 
NAH 31.0 29 87 H5 IDI 91 07 
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| the source indi in most cases -once again beneath Japanese 
i stations (Fig. 1). The oceanic lithosphere seaward of the Kurile- 
_ Japan trench is strongly azimuth-dependent for horizontal 
© propagation of P waves, the direction of maximum velocity 
being N25° W-S25° E’. Note that this direction approximately 
coincides with the polarization azimuth of the maximum- 
velocity phase of near-vertical ScS wave. If the oceanic litho- 
sphere consists primarily of olivine crystals whose a-axes are 
aligned in the NNW-SSE direction, both the P and S wave 
observations could be explained (see ref. 9). Of course, this 
argument is not valid, if the source of shear wave splitting were 
located below the depth of olivine-spinel transition. 
I thank M. Ando for critically reading the manuscript. 
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: “ia the North Island of New Zealand, calc-alkaline igneous erup- 

tions commenced in the early Miocene and continued into the 

Holocene in the central Taupo and Egmont areas, but no compre- 

~ hensive synthesis exists to explain either the volcanic sequence or 

- the regional structural setting. New data, reported here, from 

_ K-Ar ages and K,0-SiO, indices for magma source depths indi- 

` cate an oceanward migration pattern for volcanism, from north- 

- west to south-east towards the Hikurangi Trench. Movement of 

a this volcanic: front: throughout the Neogene and Quaternary was 

controlled by subduction zone regression’ which followed rapid, 

. Shallow, non-volcanic Oligocene underplating of the island. In 

areas of accelerated subduction retreat, tensional tectonism caused 
widespread foundering of the Mesozoic greywacke basement. 


Regional calc-alkaline volcanism in the North Island of New 


Zealand, of early Miocene~Holocene age, is confined to an area 
north-west of the main axial range of basement Mesozoic grey- 
wackes. Two geographically and petrologically distinct systems 
of eruptive rocks trend NW-SE parallel to the length of the 
island (Fig. 1) and contain contrasted calc-alkaline suites: 
basalts, andesites and rare dacites in the West Belt; and 

| andesites, diorites, dacites, rhyolites and rare basalts in the East 
Belt”>. The two belts lie on opposite sides of the Stokes Magnetic 

Anomaly System* which may represent the trace of an ancient 
convergence zone separating older, thicker (Palaeozoic) crust 
onthe west from younger, thinner crust on the east. The NW-SE 
elongation. of the volcanic belts has previously been regarded 
a an alignment of eruptive centres above a subduction system 
t flowed under the North Island from NE to SW, forming a 
ocene—Pliocene interface between the Pacific and Indian 
plates*®. Subsequently, this inference has not been supported 
< by the age and orientation of magnetic spreading lineaments in 
the South Fiji Basin’ or by the distribution of preliminary K-Ar 
dates within the volcanic belts*. Moreover, Quaternary calc- 
alkaline eruptive rocks are distributed along a line of volcanism 
which trends NE-SW from Taupo Volcanic Zone to Egmont 
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Fig. 1 The northern part of North Island, with the Stokes Mag- 
netic Anomaly System (SMAS) separating the West Belt of calc- 
alkaline volcanism (Tokatoka to Egmont) from the East Belt 
(North Cape to Whangarei, and Whangarei to Taupo Volcanic 
Zone). @, ©, including the boundary line for Taupo Volcanic Zone 
(TVZ), provide an indication of the distribution of calc-alkaline 
volcanic centres in North Island and also give specific locations 
for K-Ar ages (total of 93 dates) from which the time-lines were 
determined. A, with place names, are localities for K,O-SiO, 
estimates of magma source depths shown in Fig. 2. 





(Fig. 1) and is almost orthogonal to the East and West Belts, 
the related modern subduction system, dipping to the north- 
west, is well defined from seismic data and it originates at the 
Hikurangi Trench where the Pacific plate descends at an initial 
shallow angle (~15°) below the edge of the (North Island) 
Indian i and then steepens to 50-60° below Taupo- 
Egmont” 

Additional K-Ar ages for andesites, diorites and dacites 
within both volcanic belts have provided time-lines (Fig. 1) 
which represent the oldest dated rocks, and thus the initiation 
of volcanism, at eruptive centres throughout the northern North 
Island, and two orientations are apparent. 

(1) In the northernmost part of the island, a NW-SE 21-Myr 
time-line lies along the eastern side from North Cape to 
Whangarei. Andesites in this zone are unique within the North 
Island by containing garnet or high-pressure igneous 
mineralogies, and by having a close association in the field with 
ophiolite massifs; their origin is believed to belong to a brief 
magmatic event which accompanied ophiolite obduction at 
~23~25 Myr, at the end of Ohgocrne seafloor spreading in the 
South Fiji Basin’'°. 
(2) Time-lines with NE-SW orientation record southeastward 
migration of calc-alkaline volcanism over a distance of 320 km 

from Whangarei (East Belt)-Tokatoka (West Belt), with oldest 

ages of 21 Myr, to the Quaternary volcanoes of the Taupo 

Volcanic Zone (East Belt) and the Egmont group (West Belt). 
The parallelism of the time-lines and their progressive younging 
from north-west to south-east are evidence for continued: migra 
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Fig. 2 K,O-SiO, estimates of depth to magma sources, plotted 
against NW-SE distance from Whangarei~Tokatoka (21 Myr time- 
_ line) to Taupo Volcanic Zone~Egmont (<2 Myr) as measured 
along the East Belt. Rectangles show the total estimated depth 
range at the centre of the Benioff zone based on the Ks, and Keo 
method''; @, the maximum estimated depth to the inferred base 
of the Benioff zone using the Ks; s method'?. The depth shown 
for Maungatapu is a minimum (using only K., data) and for 
Orangiwhao is a maximum (using only K, data). 


tion of the subduction profile which currently underlies the 
Taupo—Egmont volcanic centres, with a north-west polarity. 
Thus, from early Miocene to present day, a mobile volcanic 
front has accompanied the southeastward retreat of a magma- 
generating subduction surface (Benioff zone) which developed 
as a result of oceanward regression of a precursor shallow 
.. _underplating system that originally must have extended north- 
Wwest from the Hikurangi Trench for about 650 km inland to the 
Whangarei—Tokatoka line. | 






By the potash-silica method, estimates of depths! 12 for gen- 


eration of the andesites (Fig. 2) indicate that East Belt lavas 


consistently originated at shallower levels than those of the West | 


Belt where the greater depth for magma sites, all lying to the 
west of the Stokes Magnetic Anomaly System, may be related 


Fig. 3. SE-NW profile along the 0 
East Belt from Hikurangi Trench : 
to Whangarei-Tokatoka (21 Myr 
time-line) with averaged K..~Kg, SOF 
_ estimates of magma source depths 
for East Belt (O) and West Belt 
(@). Progressive shallow under- 
plating during the Oligocene was 
followed by Miocene—Holocene 
subduction retrogression to the 
profile of the present Benioff zone”? 
beneath Taupo Volcanic Zone and 
Egmont. 
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to the presence of a thicker, older sialic basement. Estimat 
of magma source levels from K,O-SiO, indices is valida 
particularly for Quaternary lavas of the Taupo Volcanic Z 
(124-142 km) and the Egmont volcanoes (206-232 km) wher 
calculated depths lie within the seismically defined profile 
the underlying modern Benioff zone’. For calc-alkaline suites 
in the East Belt, shallow origins are indicated also by the general- 
rarity of basalts and by active crustal contamination of magma 
sources in producing extensive rhyolites and regional hydrother- 
mal metalliferous alteration'*'®. When compared with this. 
evidence, *’Sr/*°Sr initial ratios*!> seem to be anomalous’, ae 
with higher values in the apparently shallower-sourced East Belt 
(basalts = 0.7041-0.7044;  andesites rarely = 0.7035-0.7045, 
commonly = 0.7050-0.7065) than in the West Belt (basalts= 
0.7030-0.7038; andesites = 0.7040-0.7055). The main anomaly _ 
is not the isotope ratios, but rather that mantle-derived magmas __ 
have failed to react appreciably with the Palaeozoic, more radio- ae 
genic crust of the West Belt. po Ea 
The time-lines for 3 and 2 Myr develop a more westerly trend ~ 
where they cross the West Belt because of the combined effec 
of greater depths for those magma sources and the configuratio 
of the regression path for the subduction zone (Fig. 3): thes 
youngest time-lines thus make an angle of ~20° with the clearly _ 
defined regional alignment of Holocene volcanic centres in the 
Taupo Volcanic Zone (East Belt). In view of this geometric; 
relationship, the older time-lines (21-5 Myr) similarly coul 
have been divergent to the strike of the subduction surface — 
which, at all stages of retreat, possibly approximated the trend 
of the Taupo Volcanic Zone. | on 
Southeastward movement of the volcanic front, as measured = 
along the East Belt by time-lines 21, 17, 3 and <2 Myr, shows - 
that the rate of migration was not regular (Fig. 2). Initially, at oe 
the commencement of subduction regression, migration between 
time-lines 21 and 17 Myr proceeded at a rate of 27.5 km Myr 
and the intervening region was subjected to pronounced | 
tensional tectonism that produced widespread fi oundering of the 
greywacke basement (Fig. 4) and a deep basin for concurrent 
early Miocene flysch sedimentation’’. In contrast, the following 
period of relatively slow migration at 10 km Myr™', between 
time-lines 17 and 3 Myr, traversed a region where the greywack 
basement was extensively blockfaulted but not notably 
depressed, so that it persisted as a shallow marine shelf fo: 
calcareous Miocene-Pliocene sediments. Subsequent acceler 
ation in the migration rate, at 23km Myr! for the inten 
3~<2 Myr, was again characterized by tensional collapse o 
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‘Underplating of the North Island by the Pacific plate, be 
the early miocene, would have involved rapid sh 


voluminous eruptions of silicic calc-alkaline volcanics in 
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Fig. 4 North Island Mesozoic greywacke basement outcrop pat- 
=. tern, developed by tensional tectonic collapse within regions of 
~ accelerated subduction regression between volcanic time-lines 21- 

17 Myr and 3-<2 Myr. 


~ subduction not acco mpanied by volcanic activity for a distance of 
< 650 km from the Hikurangi Trench to the Whangarei-Tokatoka 
~ line, a tectonic style which is similar to the amagmatic Laramide 
-/event in the western Cordillera of North America’. The 
~: geometry of the underplating process can be achieved by assum- 
ing a low initial trajectory of 7° (Fig. 3) which implies a rapid 
. rate of convergence between the upper plate and the subducting 











a slab, and a buoyant strong mechanical coupling between the. 
two plates”*?' which is supported by the presence of ano 
--aceretionary prism of scraped-off Oligocene—Quaternary marine = 


“sediments on the landward side of the shallow Hikurangi Trench 
(Fig. 5). Marginal basin spreading during the Oligocene (35.5- 
25.5 Myr) caused offset of the North Island towards the south- 
east, relative to the South Fiji Basin’, in opposition to the general 
S westerly direction of motion at that time for the Pacific plate”, 
thus enhancing the velocity of convergence at the subduction 
interface. This 10-Myr period of accelerated convergence, with 
the North Island (Indian) plate overriding the Pacific plate, 
“could have provided the mechanism necessary for Oligocene 
lating at a rate of at least 65km Myr“ ' The end of 
floor spreading in the South Fiji Basin (25.5 Myr)’ was fol- 
lowed by southwestward obduction of ophiolites onto the North 
land (25-23 Myr)’® and by a reduction in convergence velocity 
fc the shallow subducting slab which, with a consequent 
se. in. gravitational sinking rate and a steepening 
23.24 reversed its mode ' 21 Myr from north-west directed 
gressive „undėrplating. > ‘southeastward subduction 
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Fig. 5 Late Tertiary and Quaternary ‘iineaments in the North 
island and adjacent oceanic area. Oligocene marginal basin spread- 
ing (magnetic anomalies 12-8) produced left-lateral displacement 
along the Vening Meinesz Fracture Zone (VMFZ), and after 
Neogene quiescence was followed by ‘Quaternary spreading 
(anomalies 2-1) between the Kermadec and Colville Ridges’. 
Arrow A shows Oligocene motion of North Island (Indian plate) 
relative to the South Fiji Basin. Arrow B is indicative of various. 
directions within the west quadrant for absolute motion of the 
Pacific plate from Oligocene (anomaly 13) to Holocene, and arrow 
C is the present absolute motion vector for the North istand2225, 





regression towards the. Hikurangi Trench. The patterns fors seis- 
mic activity" and younging of volcanic ages across the modern 
Benioff zone (Figs 1,3) suggest that subduction retreat towards — 
the south-east still continues. 
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At the time of the last glacial maximum the last Scottish ice sheet 
has been considered by some’? to have extended to the continental 
shelf edge (Fig. 1a) whilst others’* have suggested that there were 
ice-free areas in northern Scotland. No radiocarbon-dated strati- 
graphical evidence has been published to support either interpreta- 
tion. We present here data from the Isle of Lewis establishing that 
the shelly deposits from the north of that island are of late 












Outer Hebrides and may not even have reached the north of the 
island chain. This evidence is also of interest to the debate on the 
relative expansions of the northern and southern margins of the 
Laurentide and Scandinavian ice sheets at the last glacial 
maximum**, for it suggests a restricted glacial expansion of the 
northern margin of the last British ice sheet at the time of its 
greatest southerly extent. 

Detailed mapping at a scale of 1: 10,560 and recording of all 
natural sections in the north of Lewis have confirmed McCann’s’ 
observations that on part of the north-west Lewis coast, a raised 
beach occurs at an altitude of ~12 m (local OD)*. Along the 
stretch of coast marked a-a’ in Fig. 1b the beach is in situ and 
up to 150 m broad. Frequent cryoturbation structures at the top 
of the gravels together with solifiuction and head deposits that 
rest on and partly incorporate the beach gravels establish that 
the beach predates at least one period of periglaciation*®. The 

.__ beach is best developed along the coast south of Galson and is 





of material derived from the local Lewisian gneisses, the beach 


also contains frequent red and purple sandstone clasts that 
diminish in abundance southwards. The present study has also- 
confirmed that along section a—a’ of the coast the beach occasion- 
ally overlies a till which rests on a wide (up to 150 m} rock | 


_ platform*’” at an altitude of ~9 m (local OD)*. 


South-west of Melbost Borve (a, Fig. 1b) Peacock’ noted that 


the gravels of the Galson Beach were overlain by, or incorpor- 


ated in, a till and he suggested that the late Devensian limit of- 
Outer Hebridean ice occurred in this vicinity. North-east of G 


-South Dell (a', Fig. 1b) the complex shelly glacial drifts can 
“also be observed to overlie Galson Beach deposits. At Bad an 
Fhithich (BF, Fig. 16) beach gravels (which may be an erratic) 
have been reported”’’ to overlie till although at the same locality 
stratified beach cobbles and sands resting in situ on bedrock 
are truncated by and. overlain by till. . 

Detailed mapping of the shelly glacial deposits indicates that 
only one phase of glacial activity is represented. Complex glaci- 
tectonic structures and large erratics of marine clays and gravels 
have given rise to Baden-Powell’s'® interpretation of two glacial 

„Phases with an intervening period of interglacial marine deposi- 
ion. These glacial deposits terminate abruptly on their southern 

<. major drift ridge up to 30 m high that extends for over 6 km to 
the south-southeast to: reach an altitude in excess of 110 m (Fig. 
ib). North and east of the ridge are extensive glacial deposits, 

_ areas of dead-ice terrain and a sequen 
trending north-nor 
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Devensian age but which also show that a late Devensian ice margin 
lay across northern Lewis leaving part of the island ice-free. A 
peat, possibly of interglacial status, has been found in the ice-free 
area. The last Scottish ice sheet therefore did not pass beyond the 


here termed the Galson Beach. Although composed dominantly 


limit can be traced across north Lewis toa 


equence of meltwater channels. - 
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Fig. 1 a, Location of Lewis and b. b, Northern Lewis. 1, Stretch 

of coast (a—a’) where the Galson Beach is in situ and not overlain 

by glacial deposits; 2, ice margins, continuous line representing 

the end moraine in north Lewis; 3, generalized directions of last 
ice movement; 4, land over 122 m (400 ft). 


The drift ridge is interpreted as an end moraine of the last 
ice mass to occupy the north of Lewis and the trend of the 
moraine, together with the direction of slope of the meltwater 


channels indicates that the ice had a surface gradient from = 


south-southeast to north-northwest. Abundant purple and red 
sandstone clasts in the glacial deposits are most probably derived 
from. Mesozoic'! sedimentary rocks that floor the North Minch 
close offshore and they cannot be taken as evidence for the 
presence of Scottish mainland ice which their original attribution 


to the Torridonian was thought to imply'’. Indeed, the last ice 
in this area may have been no more than Outer Hebridean ice 
recurving round the upland of northern Lewis on to the low | 

ground farther north. | | 


Samples of shell debris from three localities in the middle or 
base of these glacial deposits (Fig. 1b) have been radiocarbon 


dated (Table 1) and all gave middle Devensian ages. The shell. a 


faunas in the glacial deposits are derived from a variety of 


oceanographic provinces and thus very probably represent a’ 


range of ages from the ice-free period before the last ice advance: |. 
Hence the 34,000-39,000 yr BP sample ages are likely to result 
from a mixture of late Devensian and middle Devensian (or 
older) shells. Amino acid analyses of ice-transported shells from 
north Lewis suggest a late Devensian age (D. Q. Bowen, personal 
communication), supporting this interpretation. The evidence 


therefore indicates that the last glaciation in the north of Lewis 


was during the late Devensian. Expansion of the Outer 
Hebridean ice cap during the late Devensian is also indicated _ 
by the date on the ice-transported shells from Garrabost on the ~ 


Eye Peninsula (Fig. 16, Table 1), the last ice movement there 
-as determined by carry of local erratics being from south-west 
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Fig.2 Section south of Toa Galson. 1, Silt and clay; 2, sand; 3, 
rounded boulders and cobbles; 4, angular pebbles and gravel; 5, 
<o peat; 6, weathered or decomposed bedrock. Note cryoturbated 
= aypper ~75 cm of beach gravels. Samples for pollen analysis taken 
| from locations marked S. 


The establishment of the latest glacial event in the north of 


<> Lewis as being late Devensian in age and the stratigraphical 


-evidence that the Galson Beach underlies or is incorporated 
= within these glacial deposits implies that the stretch of coastline 
gna‘ (Fig. 1b) was ice-free during the late Devensian. A wave- 


> eroded section at the front edge of the raised rock platform 


x =~ 400 m south of Toa Galson (Fig. 1b) is particularly significant 
in this context, because there a peat that postdates the formation 


i of the raised rock platform and the glaciation of this part of the 
-> coast, but predates the deposition of the Galson Beach, has 


~ been found. The stratigraphy is shown in Fig. 2. 

The peat has been distorted and partly eroded by a slump of 
decomposed bedrock that is contemporaneous with the overly- 
ing medium-coarse iron-stained sands. Here we term the main 
peat body as the lower peat, Site A, the uppermost disturbed 
peat lens is the upper peat, Site A and a peat lens that occurs 
several metres farther south in the section is Site B. Between 
the iron-stained sand and the beach gravels is a layer of angular 
locally-derived clasts in a silty-sand matrix that shows minor 
silt lenses and weak lamination that are typical of solifluction. 

Samples for pollen analysis were removed from the peat and 
adjacent sediments (Fig. 2) and the spectra recorded in the three 


Bs “peat lenses are shown in Fig. 3. In the main peat body (lower 


peat A) the lower samples are dominated by Gramineae and 
Cyperaceae but Cruciferae, Plantago spp., Rumex and Saxifraga 
are consistently represented. An open, floristically-diverse grass- 


->o land is suggested with wetter areas providing a habitat for the 
sedges and certain species, possibly, of the Umbelliferae. With: 

continued accumulation of the peat there is a steady increase _ 
in Ericaceae (including Empetrum) pollen which suggests a — 
progressive change in the local vegetation and in the upper part 
of the peat the pollen spectra imply an acid heath vegetation 










= interspersed. with grassland communities. Empetrum nigrum is 
l enerally considered to be an oceanic species'*'* and the change 
in the pollen spectra may reflect increasingly oceanic conditions 
with soils becoming leached and base-poor. Throughout the 


mental change may be interpreted from this single sample. Th 


Radiocarbon dates. on ice- sAränsported marine sahali from 








Table 1 
Lewis 

f Laboratory 8°C “C age 

Site no. (%o} (yr BP) 
l l -+0970 
West Dell Sands SRR-2368 (0) +2.3 37,9070 -$60 
(i) +23 34, anot 

i) +2. 

| ~ 660 
bank ‘ ‘ l = +1270 
Traigh Chumil SRR-2369 {o) +41.2 39,850 1100 
(i) +19 39 soo? 77° 
ee “= 4700 
Jc | | _. +1130 
Peicir SRR-2370 (0) ALG 37,320 -990 
A4 35,630. Ta 
Garrabost SRR-2367 {o +46 26,300 +320 
Gi) 3.0 23,000+230 





Pretreatment for all these samples consisted of discarding 25% by 
weight of the bulk sample by acid hydrolysis with the remaining carbon- 


ate being divided into equally sized ‘outer’ (o) and ‘inner’ (i) fraction 
by further acid treatment. 





Table 2 Radiocarbon dates on buried peat layer at Toa Galson 








Laboratory no. SRR- 2365. 


Fraction 8 cC d"e HC age 

(40) (4e) (yr BP) 
(a) ~29.3 —1000.9+0.7 > 47,150 
(b) ~29.2 —{000,8+0.8 > 46,640 
íc) -29.7 ~ 1001. eae a >39, 100 





Fraction (a) was composed of = 125 pm material that was acid washed 
in 2M HCI: fraction (b) consisted of <125 pm material that was soluble 
in 0.5 KOH; and fraction (c) was the residual <125 pm material follow- 
ing the alkali treatment. Fraction {b} should relate to humic acid contami- 
nation and fraction (a) should contain the coarse parts of any modern 
rootlets that may have penetrated the peat. The acid wash was to remove 


any carbonates that may have been precipitated in the peat. 






pollen profile there are low percentages of arboreal pollen, | 
principally Pinus, although Picea, Betula, Alnus and Abies grains. 
were also recorded. These are considered to have been derived 
by long-distance transfer and, with the possible exception of 
small areas of Salix and Juniperus scrub, the environment is 
interpreted as being essentially treeless. 

Plant macrofossils were poorly oresetved in the peat, leaf 
fragments of Sphagnum imbricatum being found in the lower 
part and Viola seeds occur throughout. {P. Hulme, personal 
communication). Undifferentiated Viola seeds have a wide range 
of occurrence during the. Pleistocene’, but S$. Imbricatum is of 
greater interest. Dickson” indicates that in pre-Lateglacial times 
S. Imbricatum has only been recovered from interglacial deposits 
with the exception of one possibly-derived attribution to the 
Anglian. 

The upper surface of lower peat Ai is clearly erosional but the 
basal sample of the overlying sand was found to be polleniferous. 
This revealed a pollen spectrum very similar to the base of lower 
peat A. As some, if not all, of the pollen grains in this sample 
may have been derived from erosion of the peat no environ- 


pollen spectra from upper peat A and from site B (Fig. 3) a 
very similar to those from the upper part of lower peat A wit 
a strong Ericaceae (and Empetrum) component. These analyses 
confirm that the peat lens was originally more extensive and 


an 


has been eroded and disturbed by the subsequent events at the: a: 


site. 
A sample was , removed for radiocarbon dating from the upper 
part of lower peat A. The sample was split into three fractions. 
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Fig. 3 Percentage pollen diagram from Toa Galson. Samples for pollen analysis were prepared using conventional procedures'?, except that ion 
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residues were passed through microsieves (aperture 10 pm) to concentrate pollens and spores. Pollen preservation was good in the peat layers o 
but in the minerogenic sediments large numbers of corroded and amorphous grains were found. : i 


following a procedure designed to isolate the possible con- 
taminants (carbonates, organic acids, modern rootlets). Details 
of the pretreatment and the radiocarbon results are given in 
Table 2. The agreement between all fractions indicates minimal 
contamination and a sample age of >47,150 yr BP. 

The essentially treeless environment that has typified the 
northern and western islands of Scotland during the Flandrian 
and presumably previous interglacials and interstadials poses 
considerable problems in assessing the status and correlation 

of pre-late Devensian pollen-bearing sediments. Two other such 









ded. The local en 


pollen and tentatively ascribed to the Ipswichian. The pro gress- 
ive changes of vegetation at Sel Ayre were suggested to represent 


an interglacial cycle in a treeless environment and if this model 


is correct then the Toa Galson peat may tentatively be assigned 
an interglacial status. Such an interpretation is in agreement 
with the occurrence of macrofossils of Sphagnum imbricatum, 
the floristic diversity of the grassland communities, the 
occasional thermophilous inblown tree species and the radiocar- 
bon age. There is, however, no evidence that allows the site to 
be ascribed to a particular interglacial. 

Models of the last ice sheet showing Scottish ice extending 









tively restricted late Devensian 
margin of the Scottish. 







ached the Midlands of 


Sites are known from the Outer Hebrides, Tolsta Head'*'? and. 
St Kilda” (Fig. 1). As both these sites are associated with finite 
radiocarbon ages and have significant differences in their pollen: 
spectra from that of Toa Galson, the sites are not thought to be 
the same age. Farther afield, however, there are certain 
similarities between the Toa Galson pollen profilé and that from: 
Sel Ayre, Shetland?’ where a vegetational ‘development from 
grass and fern dominated communities to dwarf-shrub heaths 
dominated by Ericaeous shrubs, including Empetrum, was recor- 
environment was treeless and the Sel Ayre site 
was assigned an interglacial age on the basis of inblown tree. 


AA rd 


to the continental shelf edge depict the north of Lewis as being 
overed by 1,000-1,500 m of ice™° but our evidence demonstrates. 
that part of this area was actually ice-free This implies a rela- 
iation along the north-west- 
laps. extending no 
rn Scottish mainland 


16. Godwin, H. The History of the British Flora, 2nd edn (Cambridge University Press, 


England, south-west Wales and southern Ireland. In recent years. ` 
there has been considerable discussion as to the relative —— 
expansions of the northern and southern edges of the Laurentide 
and Scandinavian ice sheets at the last glacial maximum™®, In ` 
contrast to the traditional view of synchronous glacial — 
expansion, a ‘minimalist’ school has suggested that the northern. 
margins had a relatively restricted glaciation at the time: of 
maximum southerly advance. We suggest that a similar north- 
south contrast typified the late Devensian British ice she 
palaeoclimatic models that seek to explain the north 
contrasts of the larger ice sheets must also be capable of 
ing a marked climatic gradient across the more souther!: Britis 
ice sheet. "i T 
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As part of an investigation to determine the age of the hominid- 
bearing strata of the Hadar Formation of Ethiopia we have deter- 
_ mined the magnetostratigraphy of two separate sections of the 
_ strata. Two major zones of reversed polarity occur within the 
predominantly normally magnetized sequence, one at the top and 
“the other in the middle. There are difficulties with the absolute 
age leterminations of volcanic units within the strata which result 
-in uncertainties in correlating the Hadar magnetostratigraphy with 
k andard magnetic reversal time scale. The age of the upper 
art of the section is established by the BKT-2 tuff at ~2.8 Myr 
; 1-4). The K-Ar dating of the Kadada Moumou basalt which 

in the middle of the sequence yields variable results ranging 
mm 3.1 to 3.6 5 Myr (refs 1-4). Regional geochemical" and bio- 
raphical® studies suggest the younger age for the Kadada 
oumou basalt. We show here that this is also the age that results 
the most consistent interpretation of the observed magneto- 
i ratigraphy of the formation, which is that the Hadar Formation 
was deposited during the Gauss Normal epoch and that the two 
F reversals represent the Kaena and Mammoth events within that 















a The Hadar Formation is exposed in a badlands topography 
oe the Awash River valley to the south-west of the town of 
-` Mille (Fig. 1a). As the beds of the Hadar Formation are horizon- 

-tal or dip gently and only minor faulting is present, continuous 


- stratigraphical sections can be sampled along the main wadis. 


: Two major sections were sampled (Fig. 1b) along the Kada 
-Hadar drainage (called the camp section) and along the Ounda 
-` Hadar drainage (called the Ounda Hadar section). 
< Details of sampling and laboratory procedure are given else- 
© where*’. Samples in the camp section were spaced at 0.5-m 
© stratigraphical intervals, the Ounda Hadar section was sampled 

-at more widely spaced intervals, the lower part with a large and 
variable interval of up to 3 m and the upper part at a i-m interval. 
The natural remanent magnetization (NRM) varied, in the range 
of 1-50 mA m”!. All samples were progressively demagnetized 
-in alternating fields. The NRM directions of magnetization were 
variable; normal and reversed directions were found as well as 
an appreciable number of intermediate directions; the inter- 
mediate directions gradually disappeared during the progressive 
demagnetization. The directions of magnetization of some 
samples did not stabilize until high fields were applied (50- 
 J3mT, Fig. 2b). 

<> The cleaned magnetic declination of the camp section samples 
are shown in Fig. 2a in stratigraphical order with the previously 
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published upper part of the Ounda Hadar section. The data for 
the camp section differ from previously presented data” in that 


alternating field demagnetization was continued to higher fields. 


The higher field demagnetization better defines the revers 
intervals (see Fig. 2b), The comparison of the two sections is 
very favourable in that the fine scale of variation in declination 
between the two sections matches well. Although there are 
normal directions of magnetization within both reversals which 
are quite similar in both sections, their origin is not certain. 
There are few radiometric data to tie the observed polarity 
sequence to the standard. magnetostratigraphical scale because 
there are only two horizons in the Hadar Formation which can 
be used to establish the age of the formation’; these are the 
BKT-2 tuff and the Kadada Moumou basalt. Other volcanic 
horizons have large detrital components or excess argon is 
suspected rendering them unsuitable for age determinations. 
The age of the BKT-2 is interpreted as 2.88 + 0.08 Myr, based 
on several K/Ar age determinations and fission track data from 
zircons'*. However, the age of a Kadada Moumou basalt is not 
clear. Repeated K/Ar analyses do not converge on a single age 
and age estimates show a very strong correlation with petrology. 
Walter’ identified three varieties of the basalt identified as A-1, 


A-2 and B type basalts yielding K/Ar ages of 2.7~3, 3.2-3.4, 


and 3.6 Myr respectively. 


The type B basalt ts presently represented by only one hand 


sample and although the age is probably quite reliable, because 
it is represented by only a single sample and because its 
chemistry is different from the A types, it is necessary to consider 
a possible interpretation that it is a xenolith from an older flow, 
or that it contains excess argon. There are problems with the 
type A basalts also, for they show a correlation between observed 
alteration and age. As might be expected, the A-I type basalts 
which are the most altered give the youngest ages. However, 
Walter et al.* prefer the 3.6-Myr age for the basalt. Figure 3 
shows two possible interpretations of the polarity data as indi- 
cated by the various ages which may be attributed to the Kadada 
Moumou basalt. 

The original interpretation'*’ assumes the A-! age, 2.7- 
3.0 Myr, for the basalt. The two reversed zones are then corre- 
lated with the Kaena and Mammoth events within the Gauss 
normal epoch. This interpretation is consistent with the reversed 
magnetization of the Kada Moumou basalt. 


A second interpretation (not shown) assumes the A-2 age, 


3.2-3.4 Myr, for the basalt. This requires the upper reversed 
zone to represent the Kaena and Mammoth events. This is 
inconsistent with the lower reversal, in that the lower reversal 
which includes the reversed basalt would correlate with the base 
of the Gauss normal epoch. For this correlation to be true, the 
Kadada Moumou basalt and lower reversal would have to be 
the result of remagnetization. There is no evidence of remag- 
netization of the basalt and consequently this possibility is 
rejected. 

The third interpretation which assumes a type B age for the 
basalt, 3.60 + 0.15 Myr, requires the. upper reversed zone to con- 
tain both the Kaena and Mammoth events. The lower reversal 
would correlate with the top of the. Gilbert reversed polarity 
epoch. While satisfying most of the polarity data, the extent of 
the normal section below the reversed horizon poses a problem. 
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Table 1 Sedimentation rates impuse by the different interpretations of the Hadar Formation 


anaes aneminin Hert A aN ht AN an mama A ALE ya TT Are 


ie 7 Stratigraphical Age Sedimentation 
` Stratigraphical Magnetic thickness range rate 
interval interval {m} (Myr) (em kyr’) 
Middle KH Upper 35 2,92--3.01 39 
reversal 
Lower KH Middle 40 3.01-3.05 100 
Middle DD normal 
Middle DD Lower 25 3.05-3.15 25 
7 Upper SH reversal 
/pper SH Lower 70 3.15-3.40 28 


normal — 
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Age Sedimentation Age | 
range rate range rate Depositional 
(Myr) (cm kyr’) (Myr) (em kyr) environment 
2.92-3.15 IS 2.92-3.15 15 Deltaic 
. fluvial 
3.15-3.40 16 3.15~3.40 16 Deltaic 
fluvial 
3.40-3.80 6 No data No data Lacustrine 
No data No data Deltaic fluvial 


3.80-3.90 70 
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__ Cochiti and Nunivak events either the normal magnetization at 
_ the base of the section consists of the Cochiti event (which 
would require a very high sedimentation rate), interpretation 
a, or the base of the section has been remagnetized, interpreta- 
ion 3b, which is shown. | 

The net sedimentation rates through the section can be used 
to examine the internal consistency of the various age interpreta- 
tion for the basalt. Table 1 shows the net sedimentation rates 
for the stratigraphical section implied by the interpretations |, 






3a, and 3b. The sedimentation rates were calculated by dividing — 






the thickness of the magnetozones by the dur. 


zone as given by Mankinen and Dalrymple 


environments dominated, the sedimentation rate could be expec- 
ted to be lower. = 


- Interpretation 3a implies a sedimentation rate of only 6cm- 


kyr™! for the Upper SH. to Middle Denon Dora but a minimum 
sedimentation rate of 70 cmkyr™! for the lower part of the 
section. While an unconformity could-be present which could 
lower the apparent sedimentation rate, there is no evidence of 


a w 46° 


Fig. 1 Setting of the Hadar hominid site. a, Location. of Hadar We 


with. respect to 
_ Sections with respect to loc: 






1 dr A j g e of the ‘Hadar region. 
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<= To account for the absence of a reversed interval between the 


periods of fluvio—deltaic activity when large amounts of sedi- 
~~ment are being deposited in the nearshore regions and deltaic 
facies are dominant, then relatively high sedimentation rates are 
possible (though unconformities could also be present). When 
there was a major transgression of the lake and lacustrine 


are plotted against normalized intensity of magnetization at each- | 
_.. demagnetization stage. The demagnetization stages are listed in — 
__ the diagram in mT. The first stage is NRM. A significant change 


ge. b, Location of stratigraphical ed = “in direction of the sample (a reversal) with high demagnetization “ 
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Fig. 2 a, Magnetic declinations plotted against stratigraphical = 0 
position of the upper half of the Hadar Formation. Declinations — — 
are plotted from the upper half of the camp and Ounda Hadar. 
sections. The lower half of both sections are normally magnetized. = 

The magnetic directions are cleaned to 500 or 750 Oe. Ifthe samples = 
were still changing direction between 350 and 500 Oe then'they 
were demagnetized to 750 Oe. The previous presentation: ofthe 
camp section” was at lower demagnetization stages. b, Stable end > 
point diagram of a representative sample of the Hadar Formation. 
The declination and inclination of magnetization of the sample 





fields is shown. 








Hadar Stratigraphy ee 


Fig. 3 The various interpretations 

of the Hadar magnetostratigraphy 

‘are shown with the ‘standard’ mag- 
netostratigraphy and stratigraphy of 

the Hadar Formation. The standard 
ages for the Gauss and Gilbert are 
from ref. 8. K, Kaena; M, Mammoth 
events. The Hadar magnetization is 
from this. and previous papers. The 
ee interpretations are as in the text. The 
aad Atonison*; ; 
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ime gap large enough to ane the rate to that of 6 om kyr” 
so, the implied minimum sedimentation rate of 70 cm kyr” 
is considerably higher than the sedimentation rate implied for 
similar facies elsewhere in the section. 
Interpretation 1 implies a relatively high sedimentation rate 
(40-100 emkyr™! for the fluvio-deltaic periods and low rate 
(2:5 cm kyr”) during the lacustrine period. The 28 cm kyr”! rate 
_. for the base and SH is a minimum rate and thus not inconsistent 
_ -with the higher rates for the similar facies higher in the section. 
i Interpretation 3b implies a sedimentation rate of 15- 
16 cm kyr ' for the upper part of the section. The sedimentation 
-rate for the lower part is indeterminate due to interpreted remag- 
netization. 
~ In the Omo Valley of southern Ethiopia and northern Kenya 
as ~ and the basins along Lake Turkana in Kenya there are hominid- 
-> bearing fossiliferous strata temporally equivalent to the Hadar 





Formation. Further constraints on the age of the Hadar Forma- | 


- tion can be made by comparison of the Hadar Formation with 
those formations. Brown’ and Boaz et al® compared the Hadar 
Formation with the Omo and Turkana facies by geochemical 
and palacontological means, respectively. 
i Brown compared the minor and trace elements chemistry of 
-the Sidi Hakoma Tuff of the Hadar Formation with the Tula 
. Bor Tuft of the Koobi bt ges anmation. 8 and its a Tufi 
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3.15 Myr. They found the Hadar Formation most similar to the 
Usno Formation, which has the older of the two faunas. They | 
concluded that the biostratigraphy was consistent. with the 
geochemical correlation made by Brown”. There are, however, 
some constraints on biostratigraphy, for the age of the Hadar 
Formation is from 2.9 to at least 3.15 Myr and perhaps 3.6 Myr. 
That is, the Hadar age range covers both of the standards 
compared and although most of the Hadar fauna are from the 
Denon Dora member, the correlation was based on the fuli 
faunal list. 

The consistency of the polarity së sequence of the two separate F 
magnetostratigraphical sections after cleaning strongly suggests 
that the sequence is a true record o ‘magnetic field at the 
time of deposition of the strata and that there is minimal remag- 
netization. The age of the upper part of the section is reliably 
established as about 2.8 Myr. Using that as an anchor point 
the uppermost reversed zone is correlated | with the Kaena 
event and the middle reversed zone is correlated with the Mam- 
moth event. This is consistent with regional geochemical and 
biostratigraphical® correlations. The net sedimentation rates 
implied by the correlation are consistent with the A type basalt 
ages and supports the or iginal? age estimates for the Hadar 
Formation and its important fossils. 
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o § Flowerheads of several abundant Brazilian species of Eupatorium contain 1~4% of a single isomer of PA (k-o) and the corresponding N-oxide, 
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Ithomiine butterflies, the original distasteful models in neotropical 
mimicry complexes, show warning coloration and are usually 
rejected by both vertebrate and invertebrate predators'*. Based | 
on co-evolutionary theory'*~’ and the Danainae-cardenolide BUTTERFLY DEFENSIVE CHEMICALS BUTTERFLY SEX PHEROMONES (digi) 
example’, this protection has been ascribed to toxic compounds | Hy : 
sequestered by larval Ithomiinae from their host-plants, usually ft | NS As 
poisonous Solanaceae’ '°. However, although the giant tropical my PN FO | A 
2 | { | i 


orb spider Nephila clavipes cuts out field-caught Ithomiinae from Danaidone k Hydroxy-danaidal 








its web*"' it readily eats freshly emerged adults. Solanaceae toxins “H APOCYNACEAE | 

_ are not found stored in adult Ithomiinae®"' and when applied to @ Lycopsanine 7p-0n TO | (RCHITOIDEAE) TOXIN ` 
the palatable’ butterfly Biblis hyperia do not induce rejection Í Echinatine 70408 2 ~ Wo o e US 
behaviour in Nephila (Table 1). I show here that the protection G Intermedine 7B-OH, epi-B ee = on | r 

. vs » a ae ees re ae ee so , t rpenac : 

of ithomiines against this abundant predator is due to dehydropyr- h Rinderine 7a-0H, epi- - Lactone ake 
rolizidine alkaloid monoesters and their N-oxides, absent from Í Indicine 18-08, epi-ap (Ithomiinae) | Lorequine = 

Solanaceae but sequestered by these butterflies as adults from | ` | hae 

flowers (mostly Eupatorieae) and decomposing foliage (mostly Fig. 1 Representative Solanaceae toxins (a~d)*"'' and Danainae/ 
Boraginaceae)", These compounds are also important in the Ithomiinae defensive and reproductive substances (e~m)!!~!621-24 


reproduction of the Ithomiinae!'", 





Table 1 Chemical analysis and bioassay of Ithomiinae and their foodplants 











Ithomiine tribes (b-/), representative genera Fractions Larval foodplants: family, tribe (I-XII or name), Chemical Fractions, 
(no of species analysed/total no. in genus) and bioassay representative genera (no. spp. analysed) compounds bioassay 
PA content of individuals in typical populations 
(average % dry weight; male/female) 
Apocynaceae: Parsonsieae (fresh leaves, 







roots, stems) oe 
(6) Tithorea*+ (1/2)0.30/0.30; Ex (+) Prestonia (2), Peltastes (1), Temnadenia (1) elogr Ex, 1,2(-) o> 
-o {e) Aeriat (3/3)2.3/1.6 Ex (+) Solanaceae (fresh leaves) | | au 
(d) Methona*t{ (4/7)0.031/0.026 Ex (+) XH Brunfelsia (2) a?no Ex(=~) |. 
(e) Placidulat (1/1)0.11/0.037 Ex (+) H Datura (1), Brugmansia (1) | adnop Ex, 2(~) 
(f) Melinaeat (5/10)2.8/1.1 Ex (+) VI Solandra (1); VIL Markea { Dyssochroma) (1) as Ex, I (—) 
(g) Thyridia*® (1/1)2.7/2.2, Sais* (1/2)3.6/1.7 Ex (+) la Cyphomandra (2), Lycianthes (2) benops Ex,i(-) à 
V  Mechanitis*} (5/5)1.8/2.6 or 2.8/1.8, Ex, 2,3 (+) Solanum, subgenera Brevantherum, benp Ex, l4 (=) = 
Scada (12/6)13.4/3.6; 1,4(-) | Leptostemonum, Bassovia ek 
(h) Hypothyris*t (6/16)2.2/1.5: Ex (+) 7 and Potatoe (14) 
(j) Dircenna*+ (3/7)1.7/0.88 Ex (+) ‘- | OF et ig 
(h) Epitychest (1/1)6.7/3.4; Ex (+) Tb Physalis (1), Acnistus (1), Capsicum (3) sie, Hye 
(i) Ithomia*t (4/21)5.4/2.0 Ex (+) a, l E acdn Ex, 1-3 (= 
(k) Prittwitziat (1/1)2.8/1.7, Ex,2,3(+) | Ja Solanum, section Geminata (3) bep Ex, 1,2 (= 
Pteronymiatt (5/41)9.0/3.3; 1,4{-) VHI Cestrum (2) bcops  Ex,1,2(=~) 
(1) Mcclungiat (1/1)1.7/1.1, Ex (+) a 
Pseudoscadat (3/6)4.8/2.2 Ex (+) 
Adult foodplants of Ithomiinae, Danainae and Arctiidae, Boraginaceae: Heliotropium (3) (leaves) his Ex, 2 (+) oc 
and larval foodplants of various species in the latter Compositae: Eupatorieae (leaves) | oa 
and other moth families as well as some Diptera Adenostemma (2), Trichogonia (1), e~ i ors Ex,2,3(+) 0. 


Eupatorium (8)§ 





Complete species lists and analytical results are given in ref. 11. Over 2,500 individual butterflies in Danainae (3 genera, all 6 South American 
species) and Ithomiinae (32 of 34 Brazilian or 51 neotropical genera, 82 species) were analysed and shown to store PAs. In most individuals, 
50-65% of the PA was N-oxide and 2-5% dihydropyrrolizine (type k), with ketones (types j or 1) also detected. Unspecified amounts of PAs 
(e+g), previously found in Oleria and Hypomenitis, were considered as precursors of pheromone m, isolated from male hairpencils of Ithomia, oo 
Pteronymia, Godyris, Hypomenitis and Greta'*. A total of 42 species of larval foodplants (in 19 genera), extracted and fractionated in parallel with = 
their herbivores, always gave negative assays with Nephila except with very heavy loads on the Biblis (> 10 mg; became negative upon dilution). = 
Over 400 blind bioassays were performed using over 100 Nephila, in triplicate (if +) or duplicate (if —), with code-numbered total extracts (Ex) 
or fractions (1-neutral; 2-alkaloidal; 3-polar; 4-apolar). Letters for chemical compounds refer to Fig. 1, plus n-other alkaloid classes, o-phenolic 
glycosides, p-pungent oils, g-cardenolides, r-lower terpenes and s-alkaloid N-oxides. Ithomiinae and Solanaceae tribe letters and numbers are in 
„approximate evolutionary order™'?; note the apparent lack of ‘parallel diversification’ type co-evolution between the genera of these herbivores 
d their host-plants* ®t, S 
* Eggs of these species showed from 0.1% (Methona) to 9% of dry weight as PAs. 

t Mature larvae of these taxa are aposematic in colour-pattern. _ | | : E 
+ Recently emerged adults of 13 species in these 10 genera, of both sexes, reared in the laboratory from eggs or larvae and denied access to PAs, œ 
were consumed without hesitation by Nephila which in many cases had just cut out a field-captured adult of the same species and sex. Mattocks—Bingley ` 
say”? showed no. PAs in these and in many other recently emerged adults... — E EAN 








a m and. thus represent important new sources for these compounds, some of which are now in advanced clinical testing as antitumour agents. 
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C: o Fig-2 Distribution of PAs in 
= adults of typical Ithomiinae (see 


>. females of Ithomia agnosia were also encountered. The thorax tended to show low N-oxide content (<50% 
dihydropyrrolizines in both species dissected, while abdominal contents usually had low PA in non-reproductive (winter dry season) individuals. 
The variation in total PA between adults in a given population (males as crosses on upper line, females as circles on fower in each graph) 
was random or polymodal, indicating a wide ‘palatability spectrum”. Individuals near the lower end, usually very young, 
‘automimics’ in the population and should be readily eaten by Nephila (Fig. 2). The 
by each individual as various sources become available to the population, 
Ithomia and Pteronymia; Scada males captured near Eupatorium flowers 





two species of Eupatorieae commonly visited by Ithomiinae (upper), and (lower) within and between individual 
Table | for further data and chemoassay details). High-base non-reproductive and low-base reproductive 


of PA) and detectable 


would be true 
patterns suggest opportunistic accumulation of alkaloid 
up to a maximum of over 13% of dry weight (at least in Napeogenes, 
averaged over 13% and one showed aver 20% ), or 5.8 mg (in a male 


Melinaea mneme). Recently emerged adults (laboratory-reared or field-captured) showed no PA; a highly positive correlation was found in 


males, but not in females, between PA content and estimated age. Typical spreads, 
Placidula, Callithomia, Heterosais, and especially Methona) 
show greater average storage of PAs in females than in males in some populations, 


are shown by Ithomia. A few genera ( Tithorea, 
_ Tithorea, Aeria, Mechanitis, Rhodussa and Hypothyris may 


but highest concentrations are always found in reproductively active males. Males attracted to baits (PA 


concentrations and male-female patterns in PA storage 
show low accumulation in adults. 


sources) and females attracted to 


displaying males showed low concentrations, suggesting an ‘appetite effect’. In a notable case of a mating pair of Melinaea menophilus, the 


male was about to transfer 1.7 of his 3.6 mg of PA in a spermatophore (a small sac with less than 10% o 
who contained no PA. Other courting or mating males of seven genera analysed showed similar channelling i 
to 23% of dry weight or 50 times the concentration found in the rest of the organism), supporting a suggest 


% of his dry weight) to the virgin female 
f PAI permatophores (up 
tby L. Gilbert that females, 








+ + 


rarely found on PA sources, get most of their alkaloid from males during mating. As they mate opportunistically and frequently, and place 
much of their PA on the eggs they lay, their content does not correspond so well with age. — 


Many pharmacological, physiological and ecological 

- activities of dehydropyrrolizidine alkaloids (PAs) are known’. 
_. Danaine butterflies (sister-group to the Ithomiinae'®) and arctiid 
"moths sequester PAs from larval foodplants, or as adults obtain 
them from the same sources as do the Ithomiinae, using them 
physiological regulators, pheromone precursors and defence 
stances!” 77-20 In Danainae that store cardenolides erratic- 
lly from larval food’? PAs have often been suggested as 
alternate predator-defence compounds’?!~*, In Utetheisa 
(Arctiinae), larval-sequestered PA diesters protect adults against 
Vephila clavipes'*. Some male Ithomiinae were suggested to use 
ult-sequestered PAs as hairpencil pheromone (Fig. 1m) pre- 
cursors” 4, but these butterflies have usually been assumed to 

















sequester Solanaceae toxins for defence’. 

Methanol-water extracts, prepared by rapid vigorous 
homogenization of fresh leaves or flowers of larval and adult 
foodplants and fresh butterflies, were separated into medium- 
polarity neutral, alkaloidal and highly polar fractions, contain 
ing different classes of secondary compounds (Fig. 1). Furthe 
extraction with ethyl acetate gave an apolar fraction. Extract 
and fractions were characterized by chromatography and 'H- 
NMR spectra, and bioassayed with large populations of Nephila 
in ithomiine ‘pockets’. A small amount (corresponding to that 
extracted from 0.5—1.5 butterflies, 0.5 g fresh leaf of larval food- 
plant or 0.05 g fresh leaf or flowers of adult food), in aqueous 


solution or suspension, was applied with a soft brush onto the | Ree 





















i. 


x 


NATURE VOL. 309 21 JUNE 1984 





Fig. 3 a, Nephila clavipes cutting out a Biblis hyperia treated 

externally with the total MeOH-H.O extract of one Mechanitis 

lysimnia adult. b, Nephila eating a freshly emerged Pseudoscada 
erruca adult, reared from the egg on Cestrum laevigatum. 


body and wing bases of the common nymphaline Biblis hyperia. 
This was thrown into the web of a mature, non-satiated Nephila, 
which either readily ate the Biblis or cut it out (Fig. 3). 

All Biblis treated with Solanaceae leaf extracts or fractions, 
or apolar or neutral fractions of Ithomiinae, like newly emerged 
adult Ithomiinae except Aeria (Apocynaceae-feeder), were 
accepted by Nephila (Table 1). In contrast, all total extracts and 
alkaloidal or polar fractions of field-captured Ithomiinae and 
their principal food sources caused Nephila to cut Biblis out 
just like intact wild Ithomiinae. All active extracts and fractions 
contained one or more PA monoesters (Fig. le-i), free or 
N-oxides. When freshly emerged adult Ithomiinae were fed 
pure PA N-oxide (0.3 mg) they became unpalatable to Nephila 
after about | h. 

The distribution of PAs in Ithomiinae and food sources, 
measured by a modified Mattocks—Bingley assay***°, corre- 
sponds to their ecological and reproduction roles. The 
Eupatorieae, often pollinated by Ithomiinae'*, show highest 
concentrations in the flowerheads and especially nectaries, while 
the butterflies concentrate the alkaloids in the tegument (where 
the predators will immediately sense them), reproductive tissues 
and eggs (Fig. 2). 

Most Ithomiinae found on PA sources are males'''?, In 
chemoassay, males of most genera show a broader range of PA 
content and higher extreme accumulation than females (Table 
l, Fig. 3). Reproductively active males channel up to half their 
total PA into spermatophores that are transferred to females, 
who accept multiple matings and may obtain much PA in this 
fashion (Fig. 2). 

Thus freshly emerged adult Ithomiinae, which unlike many 
Danainae and Arctiidae bear no accumulated toxins from larval 
foodplants, must find in their environment the PAs used in 
defence and reproduction. This necessity determines many 
chemical, physiological, behavioural, and morphological traits 
of the adult insects and of the plants they pollinate. Selection 
probably favours the obtaining of such essential compounds 
from a source stabilized by mutualism, rather than from the 
solanaceous larval foodplants, whose diversified chemical leaf 
constituents are constantly changing in response to the 
antagonistic setting and do not offer protection against Nephila, 
a major potential predator of Ithomiinae. 
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Skeletal motor neurones innervate the specialized ‘types’ of fibres 
comprising most mammalian muscles in a characteristic fashion: 
each motor neurone forms a ‘motor unit’ by innervating a set of 
fibres all of the same type’. Because the type expression of adult 
muscle fibres is plastic and apparently controlled by their innerva- 
tion, each motor neurone is thought to impose a common type 
differentiation on all the fibres in its motor unit. However, the 
situation in developing muscles cannot be this simple. Muscle 
fibres in neonates receive synaptic input from several motor 
neurones and achieve the adult, single innervation only after a 
period of ‘synapse elimination’’*. Despite this polyneuronal 
innervation, differentiated fibre types are present in neonatal 
muscles”-'*, This means either that the motor neurones polyne- 
uronally innervate fibres in a random fashion and type expression 
is not determined by innervation or that the polyneuronal innerva- 
tion is ordered in such a way that each fibre could receive unam- 
biguous instructions for type differentiation. We have investigated 
these possibilities here by determining the fibre type composition 
of motor units in neonatal rat soleus muscle. We find that even 
during the time of polyneuronal innervation each motor neurone 
confines its innervation to largely one of two fibre types present 
in the muscle. Therefore, some mechanism during early develop- 
ment segregates the synapses of two groups of soleus motor 
neurones onto two separate populations of soleus muscle fibres. 
We examined the soleus of Wistar rats at two postnatal ages— 
at 8 days, when every fibre is innervated by at least two motor 
neurones, and at 16-17 days, by which time synapse elimination 
has resulted in virtually every fibre being singly innervated®. In 
agreement with previous work”'', we found two distinct fibre 
types in soleus cross-sections stained for myofibrillar ATPase 
activity (Fig. 1). At both ages muscles showed a mosaic of lightly 
and darkly stained fibres. Because these neonatal muscles 
contain a number of novel embryonic and neonatal myosin 
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Fig. 1 Cross-section of a 16-day-old rat soleus muscle stained for 

myofibrillar ATPase activity after alkaline preincubation at pH 10.4 

according to the method of Guth and Samaha**. Two muscle fibre 

types are visible, termed light and dark according to staining 
intensity. Scale bar, | mm. 


isozymes'*'*'’, there is some uncertainty as to the exact adult 
fibre types to which each staining pattern corresponds. Although 
the light fibres presumably become type I fibres and the dark 
fibres type ITA fibres”’°, we refer to these fibre types as ‘light’ 
and ‘dark’ based on staining intensity. Similar light/dark differ- 
entiation was seen at both ages (Figs 2a, c, 3a). Moreover, the 
total number of fibres and the proportion of each type appeared 
unchanged, despite the loss of over 50% of the synaptic connec- 
tions in the muscle between 8 and 16-17 days. 

To determine how single soleus motor neurones innervate 
these two fibre types, we used the glycogen depletion tech- 
nique'**° to mark the fibres in a motor unit. The basis of this 
method is that stimulation of a single motor neurone activates 
the fibres comprising its motor unit and, in conditions of muscle 
anoxia, forces these fibres to utilize their glycogen stores. By 
staining muscle sections for glycogen, these fibres can be iden- 
tified by their absent or weak coloration. 
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The procedures outlined by Kugelberg’’ were used for isolat- 
ing and stimulating a single soleus motor axon in anaesthetized 
rats. Fibres in the motor units of stimulated axons were easily 
recognized in sections stained with the periodic acid-Schiff 
method?! (Fig. 2b, d). Counts of depleted fibres showed that 
motor units at 8 days contained two to three times more fibres 
than those at 16-17 days (Fig. 3b), implying that the average 
muscle fibre at 8 days receives suprathreshold innervation from 
two or three motor neurones. These counts also offer some 
assurance that the depletion method is marking a large fraction 
of the fibres in units, as the present measurements are in reason- 
able agreement with estimates of motor unit size based on tension 
measurements (140 fibres at 16-17 days** and 340 fibres at 8 
days*). Thus, glycogen depletion reaffirms the polyneuronal 
innervation of neonatal muscles and the decrease in motor unit 
size accompanying synapse elimination®****. This decrease in 
unit size occurs as each motor neurone reduces the number of 
fibres it innervates, presumably as a result of competition among 
the terminals at each end plate’. 

The fibre type of each depleted fibre was determined by 
identifying the same fibres in two adjacent muscle sections, one 
stained for glycogen and the other for ATPase activity (Fig. 2). 
By examining complete cross-sections in this fashion, the fibre 
type composition of motor units was determined (Fig. 4). The- 
striking finding is that motor units at both ages were largely 
homogeneous. Given the proportions of light and dark fibres 
present in soleus, a random innervation would be expected to 
yield units containing a mixture of about 55% light and 45% 
dark fibres. However, even at 8 days units consisted of at least 
72% of one fibre type, and three of the five units examined were 
>90% homogeneous (Fig. 4). As motor neurones primarily 
innervate either only dark or only light fibres at day 8, most of 
the polyneuronal innervation of dark (or light) fibres must come 
from neurones which form motor units of the dark (or light) 
type. Furthermore, because of this predominance of synapses 





Fig. 2 Muscle cross-sections stained for myofibrillar ATPase activity after alkaline preincubation (a, c) and for glycogen (b, d). Adjacent 

sections stained by each method are shown for two muscles following stimulation of a single soleus motor axon. a, b, Portion of a motor unit 

from a 16-day-old rat. c, d, Portion of a motor unit from an 8-day-old rat. Asterisks mark glycogen-depleted fibres and the corresponding 
fibres stained for ATPase. Scale bars, 25 pm. 
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E 2 placed on 1 ‘appropri: tet pes of fibres, most of the synapse loss 
between 8 and 16-1 | occurs from appropriate as opposed 
to inappropriate fi s 







( ding i is. the segregation of innervation 
‘two groups. of sole s motor neurones. One obvious explana- 
on of this segregati n is a selective synapse formation between 
predetermined: types of neurones and muscle fibres. Indeed, this 
type of selectivity has been previously proposed for other 
neuromuscular systems”>”*, and certa indings support 
the existence of some type ‘of pr ation of. fibre 
type'*?7™-?, Other observations, hi 
selectivity. First, reinnervation of: dul 
and fibres mismatched with their innervati a 
formed in fibre type”. Second, the different 
of fibre (slow, type I) seems to be ‘neurall 
is absent in muscles denervated at birth 
are certainly alternative explanation: i 
do not require a predetermination of mu 

the observed segregation of innervation 


















is nonspecific 





n of one type 
d, as this type 
sia there 
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fibre types were to be dictated by instructions om n innervating 


axons during polyneuronal innervation. ai 

How might the segregation occur in the absen eof predeter- 
mined fibre types? Two_ preexisting ty f or neurones 
might segregate their synapses onto separate na ruscle fibres 
as a result of an interaction. among nerv: 
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Fig. 3 Changes i in muscle fibre type composition and motor unit 
size between 8 and 16-17 days. a, Number of dark (filled bars) 
-and light (open bars) fibres found in muscles of each age. b, 
Numbers of muscle fibres comprising single motor units as deter- 

mined by glycogen Septon Vertical lines represent $.¢.m. 
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Fig. 4 Fibre spe composition of motor units in soleus mucles at: 
-8 and 16-17 days. Numbers of fibres of the dark (filled bars) and > 
_ light (open bars) types are shown for motor units at each agensa; | 
-Units composed. predominantly of light fibres. b, Units composed = 
__ predominantly of-da fibres. Vertical lines represent sèm. (No o =< 
vertical line appears for two units in the 8-day muscles in a a which oe 
Ae oe each contained 66 dark fibres.) 








and a myogenesis: ift two groups of motor r neurones arrive in ‘the eS 
muscle at different. times, coinciding with. separate waves of a 
myogenesis, these neurones could be constrained to innervate — 


different sets of muscle. fibres polyneuronally. Exactly how: 
muscle innervation becomes. ‘segregated is unknown, but it is — 


_ now. evident that the generation of homogeneous motor units 


does not await the single innervation of muscle fibres. 
We acknowledge that H. Gordon and D. Van Essen have 
reached similar conclusions to those reported here by their study _ 
of the contractile properties of motor units in neonatal. rabbit a 
soleus muscle (ref. 32 and work in preparation). M 
This work was supported by a grant from the Searle Scholars a 


Program of the Chicago Community Trust. We thank our col. 
leagues for critical comments on the manuscript, J. Young for - 
preparation of the figures, and M. Raymond for her instruction. 


in cryostat sectioning. A preliminary account of this work was 
given. elsewhere”. 
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Like any other signals, optical signalis from muscle fibres inevi- 
tably contain noise. The noise here is of predictable character. 
Because the structure of muscle is periodic, or almost so, transla- 
tional movement of an illuminated fibre will inevitably give rise 
to a periodic noise fluctuation as striations pass across the optical 
field. The frequency of this fluctuation should be linearly related 
to the speed at which the fibre translates. By mistaking this noise 
component for the signal, Altringham and colleagues’ have amply 
succeeded in confirming this expected relationship, but they have 
left unanswered the question of the source and nature of stepwise 
shortening. I show here that: (1) by having obtained records in 


conditions in which the noise dominated, Altringham ef al. have 


inadvertently confused the steps with the translation-induced 
- fluctuation; and (2) when records are obtained using a method 
< designed specifically to circumvent the effects of translation, the 
steps still remain in evidence. — 


. _ A Consider frst the authors’ Fig. 1 (ref. 1). To evaluate their 
= method of analysis, consider, for example, the record labelled 


“2.72 am’ in Fig. 1b. This record is not unlike many we have 


> obtained and published’”. How many steps are there? I identify 





= cone pause (of moderate ‘quality’), and hence two steps. The 


<. authors, however, have mistakenly confused the high-frequency 
fluctuations superimposed on the trace for the steps. Con- 


> sequently, they counted 47 instead of 2. Records such as these 
gave the mid- to high-frequency points on their Fig. 1a, drawing 
the authors towards the inappropriate conclusion that the step 
frequency was linearly related to translation velocity. Instead, 
- what they have shown is that it is the fluctuation that is linearly 
related to translation velocity. Had the authors plotted step 
< frequency instead of fluctuation frequency, the resulting scatter 
<. diagram would have led them to an opposite conclusion to the 


one they drew. i 

The authors’ Fig. 2 (ref. 1) illustrates the results obtained with 
the phase-locked loop (PLL, striation imaging) method. Con- 
sider the first (18-4-83) of the two experiments. As waveforms 
for this day’s experiment were not shown by the authors, I have 
reproduced representative samples here in Fig. ta, and show 
comparable records taken from our recent experiments in Fig. 
ib. Note that the noise levels are 20-50 nm and 2-3 nm respec- 
tively. A step size of 10-20 nm, characteristic of our records, 
would therefore be buried in their noise. The authors, once 
again, appear to have studied a fluctuation. 

Such fluctuations have, of course, been of concern to us. The 
PLL method inherently generates translation-induced fluctu- 
ations’, but we have demonstrated that with signals of reasonable 
quality, their amplitude remains 2nm or less, However, we 
have also obtained our share of records as noisy as those in Fig. 
ia when one of a number of conditions had not been carefully 
controlled. Inevitably, the translation-induced fluctuation 
becomes the dominant feature of such records and masks the 
actual sarcomere shortening signal. While we ordinarily discard 
such records, Altringham er ai.’ have capitalized on them and 
‘have elegantly confirmed that the translation-induced oscilla- 
“tions correlate well with translation (r = 0.999). 


oo Jn the second of the two PLL experiments, illustrated in the 


c authors’ Fig. 26, Altringham et al. appear to be dealing with 
genuine sarcomere-length signals. However, their protocol 
ensures that the linear relationship will be found. In this second 
experiment, observation was restricted to a single region, while 
the moving end of the fibre was released at each of various 
speeds. Increasing the speed of release brings with it two (corre- 
lated) effects: it increases the local sarcomere shortening veloc- 
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Fig. 1 Time course of sarcomere shortening measured with the 
phase-locked loop (PLL) imaging method. The five traces in a were 
obtained in the experiment of 18-4-83 and were kindly provided 
by Altringham ef al’. (These are not worst-case records; peak-to- 
peak noise averaged among all 20 records was 32.5 nm, in the |, 
range of the five shown here.) Time bar calibration refers to all 
but the third panel, which is 200 ms. The number of oscillations 
counted by Altringham et al is given at the right of each panel. 
The traces in b are representative of those obtained in experiments 
on unstimulated (left) and stimulated (right) frog toe fibres in this 
laboratory. They illustrate the character and size of the steps that 
we have measured“, Note that steps of this size would probably 
be submerged in the noise of the upper set of records. Also note 
the vast differences of time scale between a and h. 





ity, causing the steps to occur more frequently, and it also 
increases the local translation velocity. Thus, a limear re- 
lationship between step frequency and translation velocity is an 
inevitable consequence of their protocol. Further, since the 
translation velocity will increase from the fixed to the moving 
end, the slope of this linear relationship is not unique; it will 
depend on the choice of region to be studied. The particular 
value of slope found in this experiment is therefore without 
significance. 

Finally, with regard to the authors’ Fig. 3, we previously 
published essentially identical experiments except with 1,000 
times higher time resolution, We showed that in regions whic’ 
did not translate excessively, the first-order profile remained” 
steady during the pause’. This convinced us that the pause 
represented a truly stationary period. Our conclusion did not 
imply that changes in first-order profile could not accompany 
the pause. Clearly, in the experiments of Altringham et al., where 
substantial translation was an essential element in the protocol, 
and where only those diffraction patterns with ‘less than 
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Fig. 2 Time course of segment shortening in an unstimulated 
single fibre of frog tibialis anterior muscle®. SL, segment length; 
ML, muscle length: F, force. Initial segment length was 515 pm. 
The segment is defined by the spacing between two hairs, nominally 
l0 um in diameter and 80 pm in length, mounted on the upper 
surface of the fibre, perpendicular to its long axis. The image of 
the section of fibre containing the two hairs was split such that 
one hair was projected onto one photodiode array, while the other 
was projected onto a second array. A processing circuit computed 
the area under the image of each marker, from which the respective 
median locations were computed. The difference between median 
locations gave the segment length. Thus, the method is insensitive 
to translation. Of 17 fibres that gave usable segment length signals, 
11 showed distinct, repeatable steps. The two inset panels show 
the intensity profiles of the left (L) and right (R) markers at four 
instants (top to bottom) spanning the longest shortening pause. 
They demonstrate that spurious fluctuations of intensity profile of 
either marker were not present, and therefore could not have given 
rise to an artefactual pause. Edman et al. *, using a similar method, 
also observed pauses in some records of segment length change 
(see their Fig. 8). 





optimum quality’ could be used, the detection of such changes 
is not at all surprising. 

Thus, by using (1) noisy PLL signals, (2) weak diffraction 
patterns and (3) protocols in which translation was emphasized, 
Altringham and colleagues have set their attention on signals 
~ dominated by noise. In so doing, they have obtained clear proof 
that the noise arises out of fibre translation. It is unfortunate 
that the superficial resemblance between the translation-induced 


artefact and the stepwise shortening signal has given rise to this 


confusion. In fact, signal and noise are quite distinct. In the 
optimized conditions that we have been trying to realize since 
our early experiments (the reverse of (1}-(3) above), patterns 


such as those of Fig. 1b have begun to emerge consistently and. 


serve to define the phenomenon. In such low-noise records, the 
shortening waveform approaches a true staircase, with clear 
pauses and regular cascades of steps of predictably distinct 
_size*'’. By contrast, the fluctuations shown in the authors’ 
waveforms are of broadly variable size and character. The 
resemblance is thus only superficial. 

Nevertheless, in light of the potential for confusion, we have 
designed a simple experiment to determine whether steps could 
still be observed in conditions in which the effects of translation 
were circumvented’. Using a segment-length detection method 
similar in principle to that developed by Gordon, Huxley and 
Julian’, we have observed stepwise shortening regularly in both 


w stimulated and unstimulated fibres (Fig. 2). Similar waveforms 


ave been found with other segment-length methods in three 


ation). We conclude, therefore, that steps arise independently 
of translation. 
The phenomenon of stepwise shortening is not easily recon- 


ciled with commonly accepted views of contraction, as the 


authors state’. This is perhaps why the challenge by Altringham 


aboratories (refs 8, 9 and T. Tameyasu and H. Sugi, in prepar- 







et al. is not unique; it represents the fourth in a series, ea 
laying claim to identification of the long-sought artefact!) 
Yet the phenomenon remains robust. It has now been observe 


in a variety of laboratories using four classes of methodology: - 
, on line imaging of the striations 5 o o 


laser diffraction??? ® 5 


high-speed cinemicrography (ref. 14 and H. Sugi and M. Toride, . $ 


in preparation), and various segment-length methods (refs 6, 8, 


9 and T, Tameyasu, T. Yoyoki and H. Sugi, in preparation). 
Although some unsuspected artefact may yet remain, I know of 
no other phenomenon that has been confirmed by as many 
distinct methods as this. 
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POLLACK says that the fluctuations illustrated in Fig. 2b of the 


article by Altringham et al. ‘appear to be genuine sarcomere- __ 


length signals’. However, the fact pointed out by Altringham et 
al. that ‘one oscillatory cycle corresponds to the translation of 


one sarcomere past a given point in the optical field’ makes it __ 


practically certain that in this case the fluctuation is an instru- 
mental artefact. The existence of ‘noise’ fluctuations of this kind 


is admitted by Pollack. Its origin in experiments using the PLL A 
device is clearly seen in Fig. 1 of Pollack’s ref. 4: the crude A 
frequency signal fluctuates at one cycle per sarcomere in the . 
image, and this fluctuation will be eliminated only if thenumber >> 
of sarcomeres m over which the signal is averaged is an integer = 
(n). m depends on sarcomere length, and when m = n +1/2, the “Ss 
peak-to-peak fluctuation in the average as the image moves = 
across the field is A/ am, where A is the peak-to-peak amplitude 
fluctuation in the signal being averaged. With the values given a 
in Pollack’s ref. 4, this comes to 3.6 nm, which is close to the 
amplitude of the deviations from a smooth curve in Pollack’s _ = 
Fig. 1b and in Fig. 2b of Altringham et al., both of which are 
taken by Pollack to represent genuine changes of sarcomere __ 


length. 


These reasons for believing those fluctuations to be artefactual : 
are not upset by Pollack’s claim that ‘a linear relationship. 
between step frequency and translation velocity is an inevitable = 


consequence of their [Altringham et al.'s] protocol’: true, but 


the protocol does not ensure one cycle per sarcomere, which a 
would be an unlikely coincidence unless the fluctuation is an 


instrumental artefact. Pollack’s suggestion that the slope of the 
relationship ‘will depend on the choice of region to be studied’ 
is contradicted by the observation of Altringham et al. that ‘the 
frequency of the oscillations appears to be determined only by 
the translation velocity of the fibre at the point observed, and 
not by the rate of change of sarcomere length’. 


I conclude that Altringham et al. are right in claiming that ee 


the rather regular fluctuations often seen with the PLL method 
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_ are an artefact. The ‘one pause’ claimed as real by Pollack lasts 
for about 10 sarcomeres of fibre displacement, and may therefore 
_ be simply the consequence of a difference of sarcomere length 
between two regions in the fibre. 
© Details of the ‘simple method’ referred to by Pollack, with 
©- which his Fig. 2 was obtained, have not yet been published (his 
ref. 6 is ‘in the press’), so there is no way of telling to what 
errors it is subject. There are many possible sources of error; 
for example, sideways movement of the fibre if the markers are 
not perpendicular to the fibre axis, or vertical movement of the 
fibre if the light beams used for following the two markers are 
not parallel to one another. 
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; ‘ genetically unstable strain of Drosophila melanogaster, A, 


which appeared in the course of hybrid dysgenesis’, was found to 
contain an unstable mutation in the cut locus, resulting from an 
sertion of the mobile element mdg4 (ref. 2). Multiple genetic 
vents, probably resulting from transposition, were found in this 
strain and its derivatives’. We have analysed the localization of 
various mobile elements within the X-chromosome of the ct™*? 
< strain and its derivatives. We report here a dramatic change in 

-the localization of mobile dispersed genetic elements mdgl, mdg2, 

=: mdg3, and copia, FB- and P-elements within the X chromosome. 

. -Up te 20 independent transposition events were detected. As the 

=% localization of mobile elements within ct™? and within each 

_ substrain is invariant, we conclude that all transpositions occurred 

-simultaneously in one and the same germ cell. Such ‘transposition 

-. bursts’ may have an important role in evolution. 

The genetically unstable strain ct“®? gives rise to several 
stable and unstable cf* reversions and novel cf mutations'” 
These are frequently accompanied by other unstable mutations. 

_ All ct mutations including ct lethals contained mdg4 in the 7B 
region of the X chromosome’. 

‘Using in situ hybridization with polytene chromosomes, we 
have analysed the localization of different mobile elements in 
the X chromosome of the ct™™? strain (Figs 1-3). Larvae were 
examined at various times, in particular almost immediately 
after obtaining the ct™®* strain and 2 years later. In all cases, 
the localization of mobile elements was exactly the same (the 

“number of individual larvae analysed totalled 20). Thus, 

- different mobile elements including mdg (copia-like elements), 

.P-elements and FB-elements, have rather stable localizations. 

- However, the analysis of novel substrains derived from ct™™’, 

-as a result of transposition event(s) in cut or other loci, reveals 

a dramatic change in the localization of mobile elements (Figs 

-- 1, 2). The two most extensively studied examples are shown in 

es Fig. 1. The substrains analysed were ct* revertants which 

o occurred simultaneously with unstable mutations at the singed 

or white loci. All mobile elements showed evidence of transposi- 

on, with their appearance at new, and disappearance from old, 

- sites: In the case of c? > ct*sn* MR2 , 20 simultaneous transposi- 

> tion events were counted, and 12 were found for the aF? > 

n wR cr mutation. 

-> Wis important to stress that all individuals of the new deriva- 

_ tive strains possess the same distribution of mobile elements— 

this means that all transposition events occurred simultaneously 
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Fig. 1. Schematic presentation of the results obtained for in situ 
hybridization of ct™®?, ct*snM®? and wM®'ct* X chromosomes 
with different probes. a, c, Distribution of hybridization sites along 
the ctM®* X chromosome; b, that of the ct*sn™®? X chromosome; 
d, that of the w’ ct* X chromosome. In a, b the hybridization 
was performed with mdg] (1), mdg2 (2), mdg3 (3), mdg4 (4), 

copia (C) and P-element (P); in c, d with mdgl, mdg3, mdg4, copia, 
P-element and FB-element (F). Triangles indicate the location of 
mutations characteristic of the strains analysed. Arrows show trans- 
position events: the loss of mobile elements (d) and their insertion 
{1}. Here and in the other figures, the 20 divisions on the line 
representing the X chromosome indicate the 20 major divisions of 
the chromosome on a Bridges map, the centromere being to the 
right. The strain ct“®* remained unstable fer 1.5 years, thereafter 
the transposition rate decreased, but later on increased. The strain 
was homozygous with respect to the X chromosome. ct” reversions 
and novel unstable mutations were observed in the males of the 
cP? strain. To obtain the corresponding substrains, we used one 
of two methods. {1} The mutants were crossed with females 
bearing attached X chromosomes. Further, only the X chromo- 
somes of male larvae were analysed. (2) The mutants were crossed ` 
with females possessing an X chromosome with a multiple inver- 
sion FM4, y?'*, sc®dm B that excluded crossing-over. In this case, 
novel substrains homozygous with respect to the X chromosome 
(originating from ct“®? X chromosome which has avoided cross- 
ing-over) were obtained. This made it possible to analyse both 

male and female X-chromosomes. 


in the same germ cell. Had different transpositions occurred at 
different stages, there would be no homogeneity within the 
strains. 

Figure 2 shows two other examples of multiple transpositions 
in the X chromosome of ct"? derivatives. In these cases, the 
ct™®? mutation did not change, but a new unstable mutation 
occurred at the garnet (g) or Bar (B) locus. As the ct™®’ 
mutation was conserved, the mdg4 remained in the 7B region. 
However, in both cases, several transpositions were found for 
other mdg elements and for FB-elements. Thus, the loss of mdg4 
from the 7B locus is not necessary for the induction of transposi- 
tion. It should be pointed out that, in og, a g mutation 
seems to be induced by a copia insertion, as g* reversion always” 
coincides (four cases were tested) with a loss of copia from the 
12BC region. 

We have also analysed several other ct™®’ derivatives for 
localization of mdg] or copia (Fig. 3). It is clear that almost — 
always two to four transposition events occur in the x 
chromosome. 
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Fig. 2 Schematic presentation of the results obtained for in situ 
hybridization of ct™®?, ¢fMR2gMR! and oM BMBI yx chromo- 
somes with different probes. a, c, Distribution of hybridization 
sites along the ct“®* X chromosome; b, that of the ct@®2gMR! x 
chromosome; d, that of the ciMR2 BMR3 X chromosome. in a, b 
the hybridization was performed with mdg!, mdg4 and copia; in 
c, d with mdg1, mdg4, copia and FB-element. Designations are the 
same as in Fig. 1. The method used to isolate the substrain was as 
described in Fig. 1 legend. 


The ct™® strain is not the only strain in which multiple 
transpositions | can be observed in few germ cells. The ct°g? 
strain (from the Mid-America Drosophila stock centre, Bowling 
Green State University), destabilized by a cross with the P- 
factor-containing strain MRh12/ cy (ref. 4), is another example. 
In the destabilized strain, a reversion to the r and ctt type 
,, occurs at a rate of ~10™°. In half of the cases, a double ct*g* 


in the same germ cell. 


We conclude, therefore, that in Drosophila melanogaster 


strains destabilized by hybrid dysgenesis, transpositions occur 
in only a few germ cells, but are numerous in these particular 
cells. ‘Transposition bursts’ have occurred in these cells. 


Transposition bursts involve at least three major types of 
mobile elements: (1) mobile dispersed kis (mdg) or copia-like 


sequences”’°; (2) foldback sequences’; and (3) P-elements’. 


Hence, all of these may be mobilized by a similar mechanism. 


The total number of transposition events should be at least 


an order of magnitude: greater than that determined in our 


experiments. We analysed the locations of only six different 
families of mobile elements and in only one chromosome. Even 
then, up to 20 simultaneous transposition events were detected: 
thus, the total number may be several hundreds. 

. Transposition bursts seem to occur only rarely in germ cells 
107°) but this value may be an underestimate, as we expect 


by a high rate of appearance of sex-linked lethals’. 


The question arises as to which factors control multiple trans- 
7 ponhion. In our system (mm), p factor seems to be an impor- | 





„reversion takes place. The X chromosomes from stable and- 
strains contain four copia sites (Fig. 4); 
different individuals possess t the same distribution of copia sites. - 
In the offspring of one ct*g* revertant, however, one copia site 
was lost and two new sites were accepted (Fig. 4). Thus, three 
transposition events concerning only one mdg element occurred: 


that the insertion of a mobile element would occasionally be | 
lethal and the respective germ cells or embryos would not _ 
survive. In fact, the homozygous ct strain is characterized E 
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Fig. 3 Results o. in situ hybridization of the X chromosomes 
from different ct@®? derivatives with mdg? and copia, Most of 
the substrains appeared as the result of a mutation in ct™®?, Those: 
marked by asterisks were obtained from the ct™"?r™™' substrain 
(which, in turn, originated from ct™®*), The numbers represent. 
the number of the transposition event. Designations are the same. 
as in Pes 1. Triangles indicate the locations of mutations in the 
individual strains. 





Fig.4 Comparison of the distribution of mdg4 and copia in the 
stable and destabilized ct? ‘g? strain and the ct*g* double revertant 
obtained from ct? 2”. - Designations are the as as in Fig. 1. 


tant component”. *, However, although the P-factor is presentin = 
all-celis of a given organism, transpositions occur in only a few. 
of them. Probably some other trigger mechanism exists. — 

The saltatory character of transposition may havea significan 
role in evolution. It is well known that the insertion of mobile = 
elements is an important factor in spontaneous mutagenesis’, — 
Therefore, transposition bursts should lead to. simultaneous 
multiple mutagenesis, creating an organism that differs in many | 
feautres from its parents. One of the problems in theories of. 
evolution is how to explain the appearance of new complex 
properties requiring several independent genetic changes, each 
of which is not selectively advantageous—transposition bursts 
may provide the answer. Multiple mutations could occasionally 
create such complex features, which may then be retained by 
selective pressure. 

In our system, transpositions occur at a premeiotic stage and, == 
as a result, novel mutants sometimes appear in clusters’. This 
may help changed genomes to survive in further generations. 

Finally, transposition events can sometimes lead to gross ` es 
chromosomal rearrangements. Thus transposition bursts may 
also assist in creating the reproductive isolation of a new sub- 






strain, the process having a key role in speciation. 
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The life cycle of parasitic protozoa of the genus Leishmania 
= gonsists of two morphologically distinct forms": (1) amastigotes, 
the form of the parasite that resides inside macrophages of the 
mammalian host, which are non-motile and possess only a residual 
flagellum; and (2) promastigotes, the extracellular forms that live 
in the gut of the sandfly vector, which are highly motile and possess 
a single prominent flagellum. During the developmental transfor- 
-~ mation of amastigotes to promastigotes, the biosynthesis of a- 
© and -tubulin proteins is dramatically increased”, presumably to 
provide sufficient tubulin for synthesis and maintenance of the 
flagellum. We show here that the level of œ- and B-tubulin mRNA 
in Leishmania enrietti promastigotes is significantly greater than 
that in amastigotes, as determined by both Northern blot analysis 
and by in vitro translation of cellular RNA. These results show 
_ that the regulated expression of the tubulin genes is controlled at 
the level of mRNA accumulation in L. enriettii, by contrast with 
-> Leishmania mexicana, in which the control of gene expression has 
been reported to be at the level of translation. 

The æ- and B-tubulins are the major developmentally regu- 
lated gene products during transformation of Leishmania amas- 
tigotes to promastigotes. The a- and 8-tubulin mRNAs are the 
most abundant messages present in the promastigote stage of 
the life cycle®. Biosynthesis of a- and -tubulin occurs at a low 
level in amastigotes but is dramatically increased during their 
transformation to promastigotes’. On the basis of in vitro transla- 
tion experiments, Wallach et al have suggested that control of 
tubulin biosynthesis may occur at the level of translation. In a 
recent extension of their work on L. mexicana, Fong et al. 
have used heterologous tubulin probes and have found similar 
levels of tubulin mRNA in promastigotes and amastigotes. In 
contrast, we find, using homologous cloned copies*” of the æ- 
and -tubulin genes, significantly more a- and -tubulin mRNA 
in promastigotes than in amastigotes of L. enriettii. 

L. enriettii promastigotes and amastigotes were grown as 
described in Fig. 1 legend and total nucleic acid extracted. Equal 





amounts of total nucleic acid from promastigotes and amas- | 


tigotes were resolved on denaturing agarose gels, transferred to 
nitrocellulose and probed sequentially with the a- and 8-tubulin 
genomic clones. The filters were re-probed with a cloned ribo- 
- somal gene as an internal control. Figure | and Table 1 show 
that the promastigotes contain a minimum of 4-5-fold more a- 


- -and B-tubulin mRNA than the amastigotes. Similar results were 
= obtained when the amount of a- and B-tubulin mRNA was 


measured by in vitro translation in the rabbit reticulocyte system 
(see Table 1). Based on these results, we conclude that the 
control of a- and B-tubulin synthesis occurs primarily at the 
level of mRNA accumulation. 

The control of tubulin gene expression has been studied in 
several other systems and has, in general, been found to occur 
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Fig. 1 Estimation of æ- and -tubulin RNA levels in promas- 
tigotes and amastigotes by Northern blot analysis. Five micrograms 
of total nucleic acid isolated by phenol-chloroform extraction from 
promastigotes (P) or amastigotes (A) of Leishmania enriettii were 
separated on a 1% agarose-formaldehyde gel’? and blotted onto 
nitrocellulose. The same filter was sequentially hybridized* with 
nick-translated'* a-tubulin clone pLTI (ref. 5) (b), B-tubulin clone 
pLEB3 (S.M.L. and D.F.W., in preparation) (c) and with a ribo- 
somal DNA clone (d) from Plasmodium lophurae'®. Lane a con- 
tains Hindi fragments of A DNA and lane e contains Haelll 
fragments of ®X174 DNA hybridized to homologous probes. The 
numbers indicate the size of these molecular weight markers in 
kilobase pairs. The results in lanes b and ¢ indicate that the a- 
and B-tubulin mRNAs in L. enriettii are both ~2 kilobases long. 
In addition, a heavier exposure of the autoradiogram in c (not 
shown) reveals lightly hybridizing bands both above and below 
the main band. 

Methods: Promastigotes were grown to a density of ~2 x 10’ organ- 
isms ml! in Schneider's medium containing 10% heat-inactivated 
fetal calf serum. Amastigotes were grown by subcutaneous injection 
of either promastigotes or amastigotes into the noses of male 
Hartley guinea pigs. Lesions were allowed to develop for about 5 
weeks, and parasites were isolated and purified by Percoll gradient 
centrifugation as described elsewhere”. This method yielded viable 
amastigotes at ~95% purity. RNA was prepared by suspending 
about 10'° parasites in 10 ml of 50mM HEPES pH 7.5, 50mM 
KCl, 10 mM EDTA, then lysing the cells with 0.1% Sarkosyl, and 
immediately extracting three times with 2 vol. phenol~chloroform 

and once with 2 vol. chloroform. 
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Table1 Quantitation of tubulin RNA in promastigotes and amastigots 
Promastigote/amastigote 
ratio 
a~-Tubulin 
Northern blots 
Expt I S521 
Expt 2 3.931 
In vitro translation 1.9:1 
8-Tubulin 
Northern blots 
Expt | noe 
Expt 2 4.0: l 
In vitro translation 3.7:1 
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Autoradiograms of the Northern blots in Fig. | were quantitated by 
densitometry. Duplicate lanes were run for each determination, the 
integrated areas under the peaks were averaged, and these averaged 
areas were then normalized using the area under the ribosomal RNA 
peaks. This normalization adjusts for any small differences in the amount 
of total RNA actually loaded onto promastigote or amastigote lanes. 
The amount of tubulin RNA measured for the amastigote lane was the 
arbitrarily assigned a value of 1.0, and the relative amount for proma 
tigotes was calculated. Experiment 1 was performed with RNA isolate 
by phenol—chioroform extraction (see Fig. 1), while expt 2 was perfor- 
med with RNA isolated by the guanidinium isothiocyanate procedure’. 
For in vitro translation, 2 pg of the RNA samples used in Fig. | were 
translated in the rabbit reticulocyte lysate system’* (25 wl total volume}, — 
and the products were resolved on an 8.5% Laemmli gel’*. The a- and 
B-tubulin translation products were quantitated by densitometry of the _ 
autoradiogram. | i 
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at the level of mRNA accumulation®''. Specifically, flagellar 
regeneration in Chlamydomonas rheinhardii is accompanied by 
an increase in a- and B-tubulin mRNA levels as determined by 
~ in vitro translation and. Northern blot analysis”. We find that 
` thisisalsothe case forthe a- and 8- tubulin genes of L. enriettii. This 
“4s in contrast to the L. mexicana system*'® in which similar 
amounts of tubulin mRNA are reported to be present in the 
two forms of the parasite. Our results, based both on the direct 
measurement of mRNA levels by Northern blot analysis using 
homologous probes and on the in vitro translation of. mRNA 
in the rabbit reticulocyte system, clearly indicate that there is 
several-fold more a- and -tubulin mRNA in L. enriettii pro- 
mastigotes than in amastigotes. There are two possible explana- 
tions for the differences found in the two Leishmania systems: 
either the control of tubulin levels is different in the two species, 
or the results reflect a difference between the heterologous probes 
used in the L. mexicana experiments’? and the homologous 
probes used in our experiments. Thus, the stage-specific regula- 
tion of tubulin.expression in L. enriettii is controlled at the level 
of mRNA accumulation. Whether this control is exerted through 
regulation of transcription or through RNA processing or degra- 
dation remains to be determined. 
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Mammalian atria contain potent natriuretic and diuretic sub-. 
‘Stances'* which exist in high- and low-molecular-weight forms*” 
and which appear to be associated with atrium-specific granules*. 
The natriuretic effect of atrial extract is largely accountable for 
by its renal haemodynamic effects” ; atrial extracts also antagon- 
ize hormone- and non-hormone-induced contraction of the isolated 
rabbit aorta*'® and isolated rat kidney vasculature’. We have 
completely purified a low-molecular-weight natriuretic and vaso- 









active substance from rat atria and characterized it as a 24-amino 
acid peptide. Synthetic peptide, produced by solid-phase synthesis, 
mimics biological effects of crude atrial extract and purified — 


peptide; its activity is enhanced by slow oxidation, suggesting a 
disulphide (Cys 4-Cys 20) configuration for the native peptide. If 
secreted into blood, this atrial natriuretic peptide (‘auriculin B’) 
could be a novel peptide hormone of considerable importance to 
renal and cardiovascular homeostasis. 

Atrial natriuretic factor (ANF) was purified from an acetic 
acid extract of atria from 1,400 male Wistar rats by gel filtration 
and reverse-phase HPLC (Fig. 1). Fractions were assayed for 
natriuretic activity either in the intact rat’ or in isolated perfused 
rat kidney®'', and for vasorelaxant activity in rabbit thoracic 
aortic rings’? contracted with either angiotensin II or histamine. 
Two broad regions of natriuretic and vasorelaxant activities 
jere found on Sephadex G-50, corresponding to molecular 
eights of > 15,000 and <6,000 (Fig. 1a). Application of the 
low-molecular-weight material to a C,, column resulted in a 


broad active fraction which, upon re-chromatography, was re- 


solved into three peaks of. ‘coincident vasorelaxant and natri- 


uretic activity (Fig. 1b). ‘One of these was further purified by. 


i aca to the. same column . (Fig. Ic) followed by 





Table 1 Natriuretic effect of synthetic auriculin in intact rats _ 
Dose AV AU, V AU, V 
(pg per kg) (ul min“) (pequiv min™') (pequiv min™!) 
1.2 (4) 25.54+9.7 Pee oe EA 1.6+0.2 
2.4 (4) 41.34 19.5 6.7+4.1 44414 
5.0 (4) §2.8+ 6.5 9.1+1.0 3.70.5 
7.2 (3) 112.0+ 12.8 18.3+0.5 3.1+0.8 


Synthetic peptide was administered as a bolus injection to rats 
{average weight 399 g; number of animals in parentheses) anaesthetized 
with Inactin (100 mg per kg) and maintained on a constant infusion of 
normal saline (2.2 ml h7'). The change in each parameter was assessed 
by the difference between the average of three contro! periods (10 min 
each) and the first experimental period (maximum response). Data are 


expressed as the mean +s.e. V, urine flow rate; Ux, V, urinary sodium 


excretion rate; Up V, urinary potassium excretion rate. Control values 
for the 15 animals were: V, 10.34+2.9 wl min”; Uy, V, 0.93 £0.5 equiv 
min`’; and Ug V, 1.6+0.4 pequiv min`’. 


chromatography on a CN reverse-phase column, which resulted ee 
in the association of vasorelaxant activity with a single UV- 


absorbing peak (Fig. id). 


Automated microsequence analysis of the purified substance Ee 
revealed that it was a 24-amino acid residue peptide richin o — 
glycine, serine and arginine (Fig. 2). This peptide is smaller than 
the ANFs purified to apparent homogeneity by deBold and 
It also differs from the 
sequences reported recently by Currie et al.'* in that it hasan 


Flynn’? and by Grammer et al”. 
additional arginyl residue at the amino terminus. 

Solid-phase synthesis of the peptide shown in Fig. 2 has been 
accomplished, with a yield of over 150mg (see Fig. 3 legend 
for methods). The synthetic peptide had vasorelaxant activity 
paralleling that of partially purified natriuretic factor (Fig. 3). 
Its activity was enhanced by allowing it to oxidize slowly, and 
the activity of the fully oxidized form was very similar to that 
of the purified peptide (Fig. 3), suggesting the Cys 4—Cys 20 
disulphide configuration proposed in Fig. 2. 

The synthetic peptide was natriuretic both in the intact rat 


(Table 1) and in the isolated rat kidney (Table 2). In the latter, ee 


perfused in the absence of vasoconstrictors, the peptide 
increased renal vascular resistance, filtration fraction and 
glomerular filtration rate (Table 2). In contrast, in the isolated 
kidney pre-contracted with endogenously generated 


angiotensin, the peptide decreased vascular resistance (not 


shown). These effects are similar to those previously described 
for partially purified peptide, confirming our conclusion that 
the ANF can have renal vasoconstrictive or vasorelaxant effects 








-o o @yoroacetic acid (TFA), pooled and centrifuged. Step 












Fig. 1 Purification of natriuretic and vasorelaxant a 
factors from rat atria. Right and left atria from 200 
male Wistar rats were homogenized in 8 vols of 1M 
acetic acid containing | mM phenylmethylsulphonyl 
fluoride, 3mM EDTA and SaM pepstatin A, cen- oio 
trifuged ({10,800g for 30 min), and the pellet 
rehomogenized in 4 vols of buffer. The pooled super- 
natant was neutralized with ammonium hydroxide’, 
centrifuged and lyophilized. a, Step |: gel filtration 
on a 25x45cm column of Sephadex G-50 (fine) 
equilibrated with I M acetic acid. The extract was 
reconstituted with 6 ml buffer, centrifuged and applied 
to the column: flow rate was 0.63 mi min™' and 15.9- 
min fractions were collected. Aliquots of each fraction 
were dried (Savant Speed-Vac concentrator), recon- 
stituted in phosphate-buffered saline and assayed for 
natriuretic activity (0.3 ml) in the intact rat! and for 
vasorelaxant activity (50 ul) in rabbit aortic rings”. 
Rings were first contracted with 29x10 °M He’- 
angiotensin H, then washed, allowed to return to base- 
: fine tension and contracted a second time with 1.5 x 
10°*M angiotensin TI in the presence of unknown 
0o sample; results are expressed as the ratio of the con- 
-tractile force (Ag tension) generated by the first and 
second contractions (4g,/4g,). Six additional extracts 
were purified similarly and the lyophilized low- 
molecular-weight region (horizontal bracket) from 
each was reconstituted with 0.1% aqueous tri- 


A (Step i) 






C {Step 4) 


2 (not shown): one-sixth of the pooled material (rep- 
resenting 1,400 rat hearts), adjusted to 15% 
acetonitrile (CH,CN), was applied to a 0.39 x 30 cm 
uBondapak C; column, using a Waters USK injector 
and solvent delivery system, and eluted at a rate of 
0.1 ml min”! with a linear gradient of solvents A 
(0.1% TFA) to B(CH,CN) from 85:15 to 45:55 over 
40 min. Aliquots of fractions were assayed for 
natriuresis in the isolated kidney®'' and for 
vasorelaxant activity as described above. A broad 
region of coincident natriuretic and vasorelaxant 
activity eluted between 16 and 20 min. The active 
fractions from six successive runs were pooled and 
dried overnight. b, Step 3; re-chromatography of the 
step 2 material on the C,, column. The sample was 
reconstituted in solvents A/B 78:22, and chromato- 
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graphed (in 12 separate applications) at’!.0 mi min”! using a gradient of 22-34% B over 48 min. Aliquots of fractions were tested for natriuretic (100 yl) and 
vasorelaxant (30 yl) activities as described for step 2. Fractions from each of the three active peaks were pooled and dried overnight. The combined second peak 
(bracket) from the 12 runs was purified further. c, Step 4: re-chromatography of the second peak from step 3. The sample was reconstituted in A/B 77:23, applied 
to the C,, column and eluted at 0.4m! min`’ using a gradient of 23-29% B over 90 min. The bracket indicates fractions with vasorelaxant activity that were 
pooled from each of six applications. d, Step 5: HPLC of the step 4 material on a 0.39 x30cm pBondapak CN column. The solvent system used was A=0.1% 
TFA in H,O and B= 0.055% TFA in CH;CN. The sample was reconstituted in A/B 90:10, and chromatographed (in three separate applications) at 0.6 ml min™’ 


using a gtadient of 10-30% B over 60 min. Vasorelaxant activity was determined by the reduction in tension (Ag) produced in histamine-contracted aortic rings 
(see Fig. 3 legend for methods). A portion of the active peak (bracket) was re-chromatographed (not shown), giving a single detectable UV peak (retention time: 


60 min); the remainder was used for sequencing. 


<= depending on the presence of vasoconstrictors®. The renal 
© vasoconstrictive effect seems to be exerted preferentially in the 
- efferent arteriole, since it leads to an increase in glomerular 
filtration rate and in the filtered load of sodium. This latter effect 
can account for the natriuresis observed in the isolated kidney 
(Table 2). The vasorelaxant effect predominates in the pre- 
contracted isolated kidney and possibly in intact animals, 
leading to an increase in renal blood flow™™ and a shift of flow 
“to the inner medulla’*, phenomena known to induce natriuresis. 
_ Thus, the available data support the view that the natriuretic 
effect can be explained by renal haemodynamic actions’. 
Whether this peptide has, in addition, a direct tubular action 
remains to be demonstrated. 

The synthetic peptide, like partially purified preparations, 
< also has potent relaxant effects on the rabbit aorta pre-contracted 


with histamine (Fig. 3), noradrenaline*’°, angiotensin IT? and 


°K *-depolarization'® (not shown). No vasoconstrictive effect was 


<- detected in aortic rings. The ability to antagonize vasoconstric- 


< tors might explain the lowering of blood pressure by atrial 
-= extracts’. Although no consistent effect on blood pressure was 


> observed in assay rats, preliminary studies in anaesthetized dogs 
show that constant infusion of the synthetic peptide (at 0.1 pg 
- per kg per min) causes a 10-15% fall in mean arterial pressure. 


ae _. We have reported here the first synthesis of a natriuretic and 
_. vasoactive factor present in mammalian atria. It would be pre- 


mature to conclude that the structure proposed (Fig. 2) rep- 
nts the complete sequence of the naturally occurring peptide. 
| arge-molecular-weight active substance in atrial extracts 








Table 2 Effects of synthetic auriculin on renal function in isolated 
perfused rat kidney — 


Experimental 


Control 

GFR (ml min`’) 0.43 + 0.05 0.63 + 0.03* 
FF 0.014 + 0.002 0.021 + 0.001* 
RVR (mm Hg mi! min) 2.9401 3.9403" 
V (pl min™') 19:8 +4.88 97.6 + 19.4* 
FL, (wequiv min`’) 60.247.9 90.1 + $.2* 
Tyna (uequiv min™') 60.0+7.6 84.2 + 4.8* 
Una V (wequiv min`’) 0.664 0.35 6.01 + 1.99% 
FE, (%) 0.97 + 0.38 6.6+ 2.0" 
Ux V (pequiv min™') 0.44+0.19 1.46 + 0.16" 
FE, (%) 19.845.9 52,1 +6.2* 





Functioning isolated rat kidneys were perfused in a closed-circuit 
system with 60 ml of oxygenated perfusate (Krebs—Henseleit bicarbon- 
ate buffer, 7.5 g per dl albumin, glucose and amino acids) at an effective 
perfusion pressure of 90-100 mm Hg (refs 6, 11). After control clearance _ 
periods, 150 ng of synthetic peptide were added to the perfusate. Effect 
on each parameter were noted immediately and reached a maximu! 
during the third 10-min clearance period; these peak values are given 
as the experimental data. GFR, glomerular filtration rate; FF, filtration 
fraction; RVR, renal vascular resistance; V, urine flow rate; Flyg 
filtered load of sodium; Tna, tubular reabsorption of sodium; Una V, 
urinary sodium excretion rate; FE,,,, fractional sodium excretion; Uk V, 
urinary potassium excretion rate; FE,, fractional potassium excretion. 
Results are the mean +s.e. of four kidneys. | — a 

*P<0.05 compared with control (Student's t-test). 
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Fig. 2 Amino acid sequence of pure auriculin A. The sequence 
was determined from | nmol of pure protein (step 5, Fig. 1d) using 
| e Applied Biosystems 470A gas-phase sequencer. Phenylthiohy- 

“ drazine amino acids were identified with a Beckman 335T HPLC, 
using a 0.46 25cm IBM CN column and a gradient slightly 
modified from that of Hunkapiller and Hood!” The effect of slow 
oxidation on the biological activity of the synthetic peptide (see 
text and Fig. 3 legend) suggests the Cys 4—Cyc 20 disulphide 

configuration shown. 
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Fig.3 Comparison of the vasorelaxant activity of purified and syn- 
thetic auriculin A on histamine-contracted rabbit thoracic aortic 
rings. Solid-phase synthesis of the peptide shown in Fig. 2 was 
performed on a Biosearch SAM II automated peptide synthesizer 
using t-BOC amino acids. Following repetitive deblocking cycles 
with TFA, subsequent couplings of amino acids were achieved 
with a water-soluble carbodiimide. After removal from the poly- 
styrene resin with liquid HF, the synthetic peptide was reduced, 
purified and slowly re-oxidized'*®, Peptide was dissolved in 2M 
acetic acid containing 10 mM £8-mercaptoethanol and applied to 
a 2x96 cm column of Sephadex G-24 (fine) equilibrated with the 
same buffer (flow rate 0.335 ml min™', 14.9-min fractions). The 
major UV (250 nm)-abserbing peak (elution volume 172.5 ml) was 
lyophilized, resuspended in 0.05 M ammonium acetate, pH 7.2 (at 
50 ug peptide per ml), allowed to slowly re-oxidize by exposure 
to air at 4°C in the dark for 60 h and again lyophilized. This material 
was compared with partially purified (step 1) and purified (step 
5) ANF in its ability to relax histamine-contracted aortic rings. 
_Rings were suspended in 10 ml aerated Kreb’s buffer under 1.5 g 
passive tension, pre-contracted with 6x107°M_ noradrenaline, 
washed and allowed to return to baseline tension, as described!®, 
A sustained contraction was induced with 5 uM histamine; increas- 
ing amounts of purified or synthetic peptide were then added in 
cumulative fashion. Change in tension is related to the cumulative 
amount of protein added. Protein concentration was determined 
by the method of Lowry et al'* (for step 1) or by dry weight. 
Purified peptide: A, step 1; A, step 5. Synthetic peptide: ©, before 
oxidation: @, after oxidation. 
might represent a precursor, and several low-molecular-wei ht 
forms with similar biological activities have been identified'*~' 
(see also Fig. 1). We have also detected a form comprising the 


peptide described here plus an additional C-terminal tyrosine 
(‘auriculin B’, unpublished data). Multiple peptides might arise — 


through intracellular processing or as artefacts formed during 
purification. Our peptides could be fragments of the larger ones 
purified earlier'*:"?: except for the presence of only a single 
cysteine in one report'’, the available amino acid composition 
data are consistent with this possibility. In any event, the present 
studies demonstrate unequivocally that both the natriuretic and 
the haemodynamic effects induced by atrial extracts can be 
ccounted for by a single peptide or class of peptides. 

„An interesting feature of auriculin A is that its C-terminal 
dipeptide is identical to that of bradykinin. If this C-terminus 
(rather than Phe-Arg-Tyr) occurs in vivo, the peptide might be a 






substrate for angiotensin-converting enzyme (kininase H), the- 
the formation of 
angiotensin H and inactivation of kinins. If so, the secreted | 
peptide might be activated, inactivated or altered in its biological — 


dipeptidyl hydrolase responsible for 


activities on passage through the lung, kidney or other tissues 





rich in converting enzyme. Although there is so far no proof that 
this substance is released into the circulation, its reported associ- oe 


ation with specific membrane-bound atrial granules*!® makes > 


it likely. Its potent natriuretic and vascular actions suggest a 
possible major role in fluid volume and blood pressure haemos- 
tasis. 

Note added in proof: After submitting this report we learned 
of two earlier papers describing 28-residue rat’? and human”! 
atrial peptides with three additional N-terminal amino acids and 
the C-terminal Tyr found in auriculin B. Although the ANF 
precursor sequence (see following papers) predicts the auriculin 
B as a likely product of proteolytic processing, further work is 
required to clarify this point. 

We thank Dr D. Hudson of Biosearch Inc. for advice concern- 
ing peptide synthesis and Ms E. Eich, R. M. Aceto, R.-J. Chang, 
D. Marion and G. Odell for technical assistance. 
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Atrial extracts contain, factors which induce potent natriuresis™? 
changes in renal haemodynamics”, , and relax pre-contracted vás- 

cular smooth muscle*™. Low-molecular-weight peptides: which 
mimic these actions have now been purified by several groups!**~", 
including ours (see accompanying paper’), and higher-molecular- 
weight proteins with similar but less potent biological activities 

have also been identified and are presumed to be precursors??? 
If released into the circulation, these peptides, collectively called nee 
atrial natriuretic factor (ANF), may play a significant partin 
blood-pressure homeostasis, regulation of extracellular fluid 
volume and as antagonists to the hypertensive effects of the renin- 
angiotensin system and other hormonal and neurotransmitter sys- 
tems. We describe here the isolation and characterization of rat 
atrial cDNA clones which encode ANF. Nucleotide sequence analy- 
sis shows that auriculin’ corresponds to the 25 amino acids located 
close to the C-terminus of a 152-amino acid ANF precursor. 
Analysis of the in vitro translation products of precursor ANF 
mRNA suggests that multiple forms of the precursor may exist. 








Fig. 1 Synthesis and use of oligonucleotide probes. The sequence 
~~ of amino acids 4-12 of rat auriculin? is shown along with the — 
=- sequence of the four oligonucleotide mixtures, a and b for region — 

dy and cand d for region 2. R= A or G, Y=T or C, N=A, G, T 
or C. Each oligonucleotide mixture was synthesized on a Biosearch 
~~ $AM T oligonucleotide synthesizer by a modification of the stan- 
dard phosphotriester method using mesitylenesulphonyl chloride 
Gn the presence of N-methylimidazole as condensing reagents”? 
and purified by polyacrylamide gel electrophoresis, Double- 
- stranded cDNA was synthesized from rat atrial poly(A)* RNA. 
After the sequential addition of EcoRI and Sall oligonucleotide 
linkers’? the cDNA was ligated to the plasmid expression vector 
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pUC9 (ref. 14) and transformed onto Escherichia coli MC1061 (ref. 30). 5 wg of rat atrial poly(A)” RNA yielded about 25 ng of cDNA, 
size-selected to greater than 300 base pairs (bp), and gave a library of about 200,000 independent recombinants. These were plated on Millipore 
‘Triton-free nitrocellulose filters, replica-plated and the library was stored frozen on glycerol-impregnated filters at ~70 °C (refs 18, 19). Replica 
filters of the library were processed for hybridization'*'’. After baking, the filters were washed overnight at 68 °C with shaking in a large 
volume of 3xSSC (20xSSC=3M NaCl, 0.3 M sodium citrate pH 7.5), 0.1% SDS and then prehybridized in 6 xSSC, 0.1% SDS, I mM 
EDTA, 5x Denhardt’s solution”, 0:05% sodium pyrophosphate at 50°C for at least 2h (ref. 16). The filters were then hybridized with 
2.5 10° e.p.m, (1 pmol mI!) **P-labelled oligonucleotide mixture per filter, in hybridization solution containing 100 pg mi7' tRNA at 45°C 
for th in a shaking water bath. The thermostat was then lowered to 25°C and the bath allowed to equilibrate overnight. The filters were 










‘were then dried and autoradiographed with intensifying screens. 
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washed twice in 6 x SSC, 0.1% SDS at room temperature for 15 min, then washed at : } 
-for 1-2 min, The final washing temperature was obtained from the empirical formula of Suggs ef al”, T,=4(G+C)+2(A+T), The filters 
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Fig. 2 a, Nucleotide sequence of precursor 
ANF. The nucleotide sequence was established 


by the chain-termination method’ using cDNA 


fragments subcloned into the M13 vectors mp8 
and mp9 (ref. 34). All sequences were determined 
on both strands with the exceptions of nucleo- 
tides 755-790. The sequence for this region was 
obtained from another cDNA clone isolated 
using pNFI as a hybridization probe. The basic 


Arg-Arg dipeptides, which are implicated in the 
processing of precursor ANF, are boxed, while 


the two AATAAA sequences involved in poly- 
adenylation are underlined. b, Schematic rep- 


resentation of the structure of precursor ANF. 


The precursor sequence, amino acids 1-152, is 
shown with the putative signal peptide marked 
id. the auriculin sequence 
‘The positions of the two 

nino acids 125-126 and 
al processing sites, 
ntranslated regions 
he two putative polyadeny- 
AAA, are identified. c, Amino 
acid sequences of rat and human atrial peptides. 
The ‘sequences of other biologically active pep- 
7.18 are shown. The le at position 134 
(marked with an asterisk) is a Met in the human 
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„Fig. 3 Size determination of precursor ANF mRNA. a, Primer 
extension. Five ug pNFI DNA were digested with BglII, treated 
with bacterial alkaline phosphatase and S’-end-labelled with 
[ y- P]ATP by polynucleotide kinase. The kinase was heat-inacti- 
vated, the DNA digested with DdeI and the 167-bp Ddel—Bglll 
fragment (nucleotides 3-170), **P-labelled at the BglII end only, 

was recovered from a polyacrylamide gel. One-fifth of the eluted 
DNA fragment was co- -precipitated with | wg rat atrial poly(A)* 
RNA”, resuspended in 40»! 80% formamide, 0.4M NaCl, 

40 mM PIPES pH 6.4, I mM EDTA (refs 37, 38), heated to 68 °C 
for 10min and hybridized at 55°C for 3h. Following ethanol 
precipitation the annealed primer-template complex was incu- 
bated with unlabelled deoxynucleoside triphosphates and reverse 
trangcriptase and the size of the primer extension products esti- 
mated by electrophoresis on a 5% acrylamide, 7 M urea gel. Lane 
1, primer-extension products; lane 2, unextended primer fragment. 
Sizes of markers fragments are given in base pairs. The full-length 
primer extension product (240 nucleotides) is 73 nucleotides longer 
than the primer fragment. Since the Ddeil priming site is 3 nucleo- 
tides from the end of pNFI, the cD NA clone is about 70 nucleotides 
short of being full length. A strong intermediate band of about 
195 nucleotides is also seen and may represent a region of secon- 
dary structure in the mRNA. b, Northern blot analysis. Poly(A)* 
RNA (2 pg) isolated from rat atrium, or rat ventricle, was fraction- 
ated by electrophoresis on a 1.4% agarose gel containing methyl 
mercuric hydroxide*’. The RNA was transferred to a nitrocellulose 
filter“ and probed with nick-translated pNFI DNA. Lane Í, atrial 
poly(A)” RNA; lane 2, ventricular poly(A)* RNA. The positions 

of 28S and 18S rRNA markers are given in bases. 








The sequences of atrial natriuretic peptides reported to date 
differ slightly in length at both the N- and C-termini, which may 
be a reflection of variable proteolytic processing of a precursor. 
We used these amino acid sequences to design oligonucleotide 
probes to screen a rat atrial cDNA library cloned in the vector 
pUC9 (refs 13, 14) (Fig. 1). These probes were synthesized to 
correspond to two non-overlapping regions of the peptide (Fig. 
1). Due to the degeneracy of the codons, we chose to synthesize 
two oligonucleotide pools for each region. Thus, region | was 
covered by two tetradecamer oligonucleotide pools, a and b, 
each consisting of 64 sequences, while region 2 was covered by 
~ another two tetradecamer pools, c and d, each consisting of 72 





~The pools of oligonucleotides were used to screen the atrial 

cDNA library by colony hybridization'*’’. Four replica filters 
were prepared from each master filter'*'?, and each replica was 
probed with one of the oligonucleotide pools. A colony was 
considered positive if it hybridized with one of the region | and 
one of the region 2 probes. One clone was picked as the most 
likely candidate for encoding auriculin as it not only hybridized 
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very strongly to the oligonucleotide probes, but also represented 
an atrium-specific sequence. This was demonstrated by its 
hybridization to a random primed atrial, but not ventricular, 
cDNA probe. 

Nucleotide sequence analysis confirmed that this cione 
(pNF1) encodes an auriculin precursor. When the atrial cDNA 
library was re-screened with this cDNA insert, approximately 
0.5% of the colonies hybridized, showing that ANF is a 
major species in rat atrial mRNA. The complete nucleotide 
sequence and structure of the precursor is shown in Fig. 2. A 
single open reading frame encoding a 152 amino acid sequence 
extends from an ATG initiation codon at nucleotide 69 to a 
TAA termination codon at nucleotide 525. Within this reading 
frame the sequence of the various forms of biologically active 
atrial natriuretic peptides can be identified (Fig. 2c). The 
sequence in Fig. 2a has a 5'-untranslated region of 68 nucleotides 
and a 3’-untranslated region of 266 nucleotides. Two potential 


polyadenylation signals, AATAAA (ref. 20), are seen in the | 


3'-untranslated region. Multiple i eee sites have also 
been observed in other genes”! 

To confirm that the cDNA clone, pNFI, represents an essen- 
tially full-length transcript of precursor ANF mRNA, we iso- 
lated a restriction enzyme fragment from pNFI and used it to 
prime cDNA synthesis from atrial poly(A)* RNA. The results 
(Fig. 3a) show that pNFI1 is about 70 nucleotides short of a 
full-length cDNA clone. The mRNA for precursor ANF is 
therefore about 850 nucleotides long (excluding the poly (A) 
tail). This conclusion is supported by the results of a Northern 
blot (Fig. 36), in which pNFI hybridizes to an atrial mRNA of 
approximately 900 nucleotides but is not detected with ven- 
tricular mRNA (Fig. 3b). 

Other evidence supports our identification of the reading 
frame of the ANF precursor. The precursor has been proposed 
to be a secretory protein, found in atrial granules, and would 
therefore be expected to have a signal peptide, and indeed, the 
sequence following the proposed initiation codon (Fig. 2a) 
encodes a stretch of amino acids, starting at position 9 which, 
though unusually rich in phenylalanine, has the hydrophobic 
character of a signal peptide**. Cleavage of this sequence could 
occur after either the glycine at position 23 or the alanine at 
position 24 (the preferred amino acids at the signal peptide 
cleavage site), producing a signal peptide of normal length. 
Eukaryotic genes do not have a ribosome-binding site sequence 
like that seen in prokaryotes, although a consensus sequence, 
CG ACCATGG, is found around the initiation codon”. In the 
case of precursor ANF, this sequence is CCAGCATGG. Finally, 
the identification of the reading frame is supported by the fact 
that the cDNA clone is similar in size to the mRNA, and that 
the molecular weight of the precursor protein as predicted from 
the sequence matches closely with the observed size (see below). 
A schematic version of precursor ANF is shown in Fig. 2b. 

The diversity of previously identified amino acid sequences 
encoding natriuretic peptides (see Fig. 2c) does not allow precise 
determination of the sites at which precursor ANF is processed. 


However, the sequence of auriculin is flanked on both sides by | - 

basic dipeptides (Arg-Arg at positions 125-126 and 151- 152) 
which have been identified in other hormone precursors as 
. The varying lengths of the active - 


proteolytic processing sites? 
peptides identified by the different groups could result either 
from the precursor being processed at sites other than Arg~Arg 
or from an artefactual proteolytic cleavage of the precarsor 
during purification. The Arg-Arg dipeptide at the C terminus 


of auriculin is immediately followed by the TAA termination. 


codon and, as such, is similar to that of the corticotropin- 
releasing factor precursor”, | 

The predicted molecular weight (MW) of precursor ANF is 
16,720. To determine the actual precursor size, atrial mRNA 
encoding precursor ANF was purified by hybrid selection”, 
using pNF1I DNA, and translated in vitro. The selected transla- 


tion products were then analysed by two-dimensional gel elec- = 
trophoresis and compared with the total translation products ` 
from atrial and ventricular mRNA (Fig. 4). Translation of thee 
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Fig. 4 Two-dimensional gel frac- 
tionation of cell-free translation 
products encoded by poly(A)” RNA 
isolated from: a, rat atria; b, ven- 
tricle, or selected by hybridization?” 
of atrial (c) or ventricular (d) 
poly(A)* RNA to pNFI DNA. 5 pg 
of plasmid pNFI DNA were im- 
mobilized on 1-cm’* nitrocellulose 
disks and hybridized with 5 yg of 
poly(A)” RNA for 3h at 50°C in 
20 mM PIPES, pH 6.4, 1 mM EDTA, 
65% formamide, 5 x SSC, 0.1% SDS. 
Filters were then washed extensively 
in 10mM Tris-Cl pH7.5, 0.15M 
NaCl, I mM EDTA, 0.1% SDS at 
70°C and at 37 °C in the same buffer 
without SDS. Hybridized RNA was 
eluted in H,O at 100°C in the pres- 
ence of 50 pg tRNA for | min, quick- 
frozen at -70°C, thawed and pre- 
cipitated by the addition of 2 vols 
absolute ethanol. Hybrid-selected 
RNA and total poly(A)” RNA was 
translated using a commercially 
available rabbit reticulocyte lysate 
system in the presence of 250 pCi 
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ml”! 35§-methionine. Acid-precipitable radioactivity (1 x 10° c.p.m.) translated from total atrial and ventricular poly(A)” RNA or | x 10° and 
5 x10‘ c.p.m. of acid-precipitable radioactivity translated from hybrid-selected atrial and ventricular RNA, respectively, was fractionated by 
two-dimensional gel electrophoresis. The first dimension consisted of isoelectric focusing using a pH 3.5-10 gradient*' while the second 
dimension was a 15% acrylamide-SDS gel**. The gels were equilibrated in 1 M sodium salicylate, dried and fluorographed at —70 °C for 24h. 
The electrophoretic positions of several atrium-specific translation products in the 12,000-30,000 MW range are marked by arrows. The 
translation products encoded by pNF1-hybrid-selected atrial RNA are indicated by brackets. 


hybrid-selected RNA yielded at least three proteins with 
molecular weights of 16,500-18,500 (Fig. 4c). These translation 
products selected by pNFI represent abundant atrial species 
which are not present in the ventricle. 

The function of the N-terminal portion of the precursor is 

not clear. Higher-molecular-weight forms of biologically active 
material have been isolated”! but they have less potent 
natriuretic and diuretic effects than auriculin. These activities 
could result from the proteolytic cleavage of the precursor in 
the assay system releasing auriculin. The N-terminal fragment 
lacking auriculin has not been identified in vivo, and therefore 
has no biological activity ascribed to it. Knowledge of the 
sequence of the entire precursor will allow us to express the 
complete ANF precursor, or defined fragments of it, in yeast or 
bacteria, and to investigate their biological activities. 
Note added in proof: We have sequenced the primer extension 
product and confirmed the sequence from nucleotides 7 to 54. 
Nucleotides 1-6 are, however, incorrect, and probably result 
from a cloning artefact. 

We thank Eliza Pond for preparation of the manuscript, Derek 
Woods for advice on oligonucleotide screening and our col- 
leagues at CBI for their encouragement and advice. 
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The atrium of the heart contains peptides, termed atrial natriuretic 
factors (ANFs), diuretic’ and smooth-muscle-relaxing’”~ activities. 
In view of its potent effects on salt metabolism in the kidney and 
on vascular smooth muscle, ANF is considered to play an important 
part in the control of fluid volume and vascular function. Several 
different ANF peptides varying in size have been isolated™™ and 
their amino acid sequences determined*®'°. Analysis of the 
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| sequences of the peptides suggests that they are derived by proteoly- 
sis from the same precursor. To examine this hypothesis, we have 
cloned cDNAs of the ANF precursor using rat atrial mRNA, 
-G@ermined its nucleotide sequence and deduced its amino acid 
zence. The ANF precursor consists of 152 amino acid residues 
including a putative signal peptide sequence. This sequence con- 
tains the amino acid sequences of all the ANF peptides reported 
to date**"®, 
For use as hybridization probes, two pentapeptide segments 
of rat ANF peptide* which gave the least numbers of possible 





combinations of codons were chosen for constructing 14-mer _ 


mixed oligonucleotides designated oligo I and oligo II (Fig. 
la). The ability of the synthetic oligonucleotides to specifically 
hybridize with mRNA for ANF was tested, using oligo I as a 
primer, by reverse transcription of poly(A) RNA isolated from 
rat atrium (Fig. 1b). Poly(A) RNA from ventricle was used as 
a control. Following urea-polyacrylamide gel electrophoresis, 
only one major cDNA band corresponding to 460 nucleotides 
in length was produced from atrial mRNA, but not from ven- 
tricular mRNA, suggesting specific hybridization of oligo I to 
ANF mRNA. 

_ A library of rat atrial cDNA clones was constructed using the 
„cloning vector of Okayama and Berg'’ (see Fig. 2 legend for 
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Fig. I a, Synthetic oligonucleotides used for screening cDNA 
clones for rat ANF. Mixed 14-mer oligodeoxynucleotides, oligo I 
and oligo H (custom-synthesized by American Bionuclear) are 
complementary to all possible coding sequences corresponding to 
the two pentapeptide sequences which had been found in ANF 
peptides*. Codons for Arg in oligo I and for Ser in oligo II were 
selected on the basis of the frequency of codon usage in rat mRNA. 
b, Electrophoretic analysis of cDNA products synthesized from 
poly(A) RNA using oligo I as a primer. Poly(A) RNA was isolated 
from atria and ventricles of Sprague-Dawley rats by the guanidine 
- isothiocyanate~CsCl procedure” followed by oligo(dT)-cellulose 
chromatography. cDNA was synthesized from 20 pg of poly(A) 
NA obtained from atria (lane 1) or ventricles (lane 2), using 
**p.labelled oligo I (0.125 pg, 1.5 x 10° c.p.m. wg™!) as a primer for 
reverse transcriptase reaction, and was electrophoresed on an 8% 
polyacrylamide gel containing 7 M urea”. Hinfl digests of pBR322 
(NEN) were labelled with *°P and used as markers for the sizes 
and radioactivity of synthesized cDNAs (lane 3, 1,200 c.p.m.; lane 
4, 6,000 c.p.m.). 
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experimental details). By screening with oligo I, 56 hybridi 
ation-positive clones were selected from 900 transformants 
Using oligo H as the second probe, candidates were narrowed — 
down to eight clones. All eight clones had cDNA inserts of- 
indistinguishable sizes with common restriction endonuclease _ 
sites for PstI, Xhol, Hincll and BglII. 

The nucleotide sequence analysis of one of these clones, 
pOB8, by the method of Sanger et al.'*-'* revealed that it lacks 
a 5’-noncoding sequence as well as the ATG initiation triplet. 

A clone with a longer cDNA insert, pGH33, was isolated 
from a second atrial cDNA library prepared by the method of 
Gubler and Hoffman’ (see Fig. 2 legend). Its nucleotide 
sequence, determined by the methods of Sanger et al.'*"'* and 
of Maxam and Gilbert'®, was in agreement with that of pOB8 
in the overlapping region. The complete nucleotide sequence of 
the ANF cDNA clones consisting of 786 residues is presented 
in Fig. 3. wet 

The nucleotide sequence from residue 376 to residue 450 er 
corresponds exactly to the previously determined amino acid ea 
sequence of ANF peptide (the boxed region in Fig. 3); itallowed o = 
us to define the reading frame for the entire ANF precursor 
and, thus, deduce its amino acid sequence. The distance from 
the 3! end to the position of oligo I was 461 nucleotides long, — 
which agrees with the observed size (460 nucleotides) of the 
major cDNA product of the primer-extended reverse transcript 
of atrial mRNA (Fig. 16). Therefore, the first ATG triplet 
(nucleotide residues 1-3) proximal to the 5’ end of the sense 
strand was designated as the initiation codon. An unusually 
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Fig. 2 Sequencing strategy of ANF cDNA. Clones pOB8 and 
pGH33 were isolated from two cDNA libraries prepared indepen- 
dently by the procedures of Okayama and Berg''?* (method A) 
and Gubler and Hoffman’ (method B) respectively. 
Methods: A: cDNA-plasmid recombinant molecules were pree =x 
pared using- 4 ug of poly(A) RNA from rat atria, 2.2 pg of dT-tailed = > 
pcD vector'! and dG-tailed linker. Escherichia coli N-38, a substrain SPs 
of HB101, was used for transformation and ampicillin-resistant. 00 
transformants were screened by colony hybridization? at37°C or oo 
41 °C with oligo 1 (Fig. 1a) labelled with °P at the 5 end. The 0. 
hybridization-positive clones were re-screened with oligo II (Fig. 
la) at a hybridization temperature of 31°C or 37 °C. B: The first 
cDNA strand was synthesized using 10g of poly(A) RNA as 
template which had been denatured by 10mM_ of methyimercuric 
hydroxide”. The RNA was replaced by the second cDNA strand 
using a mixture of RNase H, DNA polymerase I and DNA ligase. 
The double-stranded cDNA thus obtained was tailed with dCTP, 
annealed to Pstl-cleaved and dG-tailed pBR322 and introduced 
into E. coli N-38. Tetracycline-resistant transformants were 
screened by colony hybridization with **P-labelled MspI fragment. 
of pOB8 cDNA asa probe. The nucleotide sequences of the plasmid — 
inserts pOB8 and pGH33 (solid boxes) were determined both by _ 
the dideoxy terminator method of Sanger et al’? (sequencing. 
direction indicated by arrows with a short vertical line) and by the 
method of Maxam and Gilbert'® (indicated by arrows with solid 
circles). In the former, restriction fragments were subcloned: into 
Ml3mp8 or Mi3mp9 (ref. 13) and Klenow fragment of DNA 
polymerase I or reverse transcriptase (ref. 14) was used in the 
chain-termination reaction. The open box indicates the coding = 
region flanked by an initiation codon and a termination codon. © | 
The hatched regions represent the segments corresponding to. syn- ee 
thetic oligonucleotides (oligo I and oligo IJ) used as probes, 








| | vs NATURE VOL. 309 21 JUNE 1984 
7s tn ~} ETTERS TO NAT RE mr 








“$3 AGAGAGAAACC AGAGAGTGAGCCOGAGACAGC AAACATCAGATCCTOCCCCGACECACGCTAGG ~i 


i ATG GGU TOC TTC THC ATC ACO AAG GGC TTC TTC CTC TIC CTG GCC TTT TOG CTC CCA GGC G0 
Met Gly Ser Phe Ser tle The Lya Gly Phe Phe Lea Phe Leu Ala Phe Trp Leu Pro Gly 
l 10 20 


lL CAT ATT GGA GCA AAT COG GTA TAC AGT GCG GTG TCC AAC ACA GAT CTG ATG GAT TTC AAG 120 
His Vie Gly “ayes Pro Val Tyr Ser Ala Vai Ser Aen Thr Asp Leu Met Asp Phe Lys 
30 40 


A124 AAC CTG CTA GAC CAG CTG GAG GAG AAG ATG CCG GTA GAA GAT GAG GTC ATG CCT CCG CAG 180 
Asn Les Lea Asp His Leu Glu Gis Lys Met Pro Val Glu Asp Glu Val Met Pro Pro Gin 
50 69 


L8L GUC CTG AGC GAG CAG ACC GAT GAA GCG GGG GCG GCA CTT AGU TCC CTC TCT GAG GTG CECT 240 
Ala Lev Ser Glu Gln Thr Asp Glo Ala Gly Ala Ala Leu Ser Ser Leu Ser Glu Val Pro 
70 gg 


ZAL CCG TOG ACT GGG GAA GTC AAC CCG TCT CAG AGA GAT GGA GGT GCT CTC GOG COC GGC CEC 300 
Pro Trp Thr Gly Glu Vai Asn Pro Ser Gln Arg Asp Gly Gly Ala Leu Gly Arg Gly Pro 
90 100 


301 TOG GAC CCC TCC GAT AGA TCT GEC CTC TTG AAA AGC AAA CTG AGG GCT CTG CTC GCT GGE 360 
frp Aap Pro Ser Asp Arg Ser Ala Leu Leu Lys Ser Lys Leu Arg Ala Leu Leu Ala Gly 
LLG 428 







361 CCT COG AGC CTG CGA}AGG TCA AGC TGC TTC GGG GGT AGG ATT GAC AGG ATT GGA GCC CAG 420 


Pro Arg Ser Leu ArglArg Ser Ser Cys Arg lle Gly Ala Gin 


42L AGC GGA CTA GOC TGC AAC AGC TTC CGG TACICGA AGA TAA CAGCCAAATCTCGCTCGAGCAGATCGCA 486 
Ser Giy Leu Giy Cys Asn Ser Phe Arg TyrjArg Arg *** 





ABT AAAGATCCCAAGCCCTTGCOGTCTOTCACACAGCTTGGICGCATIGCCAC TGAGAGGTGGTIGAATACCOTCCTGGAGCT 565 
A ay SHG GCAGCTICCTOTCTTCATCTATCACGA TCGATGTT AAG TGTAGA TGAGTOGTTTAGTGAGGCCTTACCTCICCCACTCT så 


645 OCATATTAAGGTAGATCCTCACCECTTTCAGAAAGCAGT TGGAAAAAAATABA TCCGAATAAALCTICAGCACCACGGALS 723 


Fig. 3 Nucleotide sequence of rat ANF cDNA. Nucleotides are 
numbered in the 5’ and 3’ direction beginning with the first residue 
of the ATG triplet encoding the translational initiation methionine, 
_and the nucleotides on the 5’ side of residue 1 are indicated by 
negative numbers. The deduced amino acid sequence is shown 
below the nucleotide sequence. A potential cleavage site for the 
signal peptide is indicated by an arrow between residues 24 and 
25. Potential poly(A) addition signals (AATAAA)”’ are underlined. 
The boxed region shows the amino acid sequence previously deter- 
mined by automated Edman degradation of the 25-amino acid 
ANF peptide’. 


long inverted repeat sequence (nucleotides 467-482) lies 
= irhmediately downstream from the TAA stop codon. 
©. The nucleotide sequence of rat ANF cDNA reveals that the 
 wltimate precursor of ANF peptide comprises 152 amino acids 
with a calculated molecular weight of 16,556. The amino- 

_ terminal 24-amino acid sequence appears to be asignal peptide’ 
as it contains a region which is rich in hydrophobic amino acids 
with bulky side chains (positions 10-18) and is followed by a 
region containing amino acids having small side chains'*. While 
this work was in progress, Thibault et al." reported the amino- 

terminal sequence of a rat high-molecular-weight ANF, which 
corresponds with the stretch from Glu 78 to Asp 135 in the 
precursor sequence deduced in the present study. 

The finding of the carboxy-terminal sequence -Arg-Arg (151- 
152) is intriguing as no active ANF peptide isolated and sequen- 
ced to date contains this structure**?. The possibility cannot 
be excluded that the cleavage of this pair of arginine residues 
may be related to the activation of ANF. 

The recent findings linking atrial deficiency of natriuretic 
activity with hereditary congestive heart failure in a strain of 
Syrian hamster” and with spontaneous hypertension in rat’ 

- strongly indicate that ANF has an important role in cardiovas- 
cular regulation. cDNA for ANF obtained in the present study 
may be useful in elucidating regulation of ANF mRNA synthesis 

and. its involvement. in. ‘pathogenesis of such cardiovascular 
|: diseases. The deduced amino acid sequence of the precursor of 
-ANF should also facilitate elucidation of the mechanism of 
synthesis, processing and secretion of ANF. 
We thank Dr H. Okayama for his gift of a pcD vector and 
-© dG-tailed linker, Cynthia Hager for DNA sequencing and 
©- William Burkhart for technical assistance. This work was sup- 
ported by NIH grants HL-14192 and HL-22288, grant-in-aid 
-1294 from the American Heart Association and an Inves- 
igdtorship award from the American Heart Association Ten- 
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Recent identification of natriuretic-diuretic activity in peptides” 
isolated from human’ and rat 7° atrial tissue implicates them in 
the control of extracellular fluid volume and electrolytic homeo- 
stasis. The presence of multiple forms of the peptides ranging 
from 3,000 to 13,000 molecular weight (MW) suggests they may 

all derive from the same precursor’. The established amino acid 
sequence of a-human atrial natriuretic polypeptide (a-hANP)', 
a 28-residue peptide with potent natriuretic activity, provided the 
means to elucidate the structure of the precursor for a-hANP and 
the gene encoding it. Here we report the cloning and sequence 
analysis of the cDNA of human atrial mRNA encoding a precursor 
of a-hANP. The cDNA encodes y-human atrial natriuretic poly- 
peptide (y-hANP) of 13,000 MW, whose C-terminal 28 amino 
acid residues may be processed as a-hANP. 

A library of cDNA clones from human atrial poly(A)” RNA 
was constructed using the method of Okayama and Berg’. To 
probe cloned cDNA for the precursor of a-hANP, tetradecamer 
oligodeoxyribonucleotides representing all possible com- 
plementary sequences corresponding to amino acids 12-16, Met- 
Asp-Arg-lle-Gly, of a-hANP (excluding the third nucleotide 
residue of the glycine codon) were synthesized by modifie 
triester methods® as two pools (oligo I and oligo Il). The cD NAW 
library was screened by hybridization with **P-labelled probes. 
Twenty-three clones, which hybridized with oligo H but not 
with oligo I, were isolated from about 40,000 transformants. 
Plasmids isolated from eight of these clones were submitted to” 
nucleotide sequence analysis and all were found to carry a DNA 
segment encoding the N-terminal sequence (1-11) of a-hANP. _ 
Two plasmids of this group, phANPI, harbouring the longest ~. 
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Fig. 1 Strategy of sequencing the 
cDNA inserts in clones phANPI! and 
phANP82. The restriction map dis- 
plays only those restriction endonu- 
sclgase sites relevant to the present 
‘ork. They are identified by numbers 
indicating 5’-terminal nucleotides 
generated by cleavage. Nucleotides 
are numbered as in Fig. 2. S, Cod- 
ing region for putative signal pep- 
tide; $, coding region for a-hANP; 
E, region of the sequence of syn- 
thetic — oligodeoxyribonucleotides 
used in probing cloned cDNAs. The 
direction and extent of sequence 
determinations are shown by arrows 
(—, upper strand; --->, lower strand). 
The sites of 5'- and 3’-end-labelling 
are indicated by short vertical lines 
at the ends of arrows. Double slashes 
indicate that 5’-end-labelling was 
done on the sites located on the vec- 
tor DNA. Dotted lines mean that the 
transcription primed by the general 
primers was started from sites 
located on the pUC8 plasmid!*. 
Open boxes at the end of arrows indi- 
` cate the region of the primer 
sequence detailed below. 
Methods: The clones were obtained 
as follows. One mg of total RNA was 
extracted"? from atria of an 87-year- 
old female and a 61-year-old male 
post mortem. A total of 75 ug of 
poly(A)” RNA was isolated by 
oligo(dT)-cellulose binding pro- 
cedure’? using 10mM Tris-HCI buffer, pH 7.2 containing 0.5 M LiCl, 
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10mM EDTA and 0.5% SDS as a binding buffer. A cDNA library 


was constructed by the method of Okayama and Berg’ using 15 ug of poly(A)* 
was used for transformation. Approximately 40,000 ampicillin-resistant transfo 
by hybridization”’ at 38 °C for 16 h with the 5-7 P-labelled mixtures of oli 
clones with similarly labelled oligo I and oligo Il-at 40°C and 38 


RNA and 4.2 ug of the vector-primer. Escherichia coli WA802_ 
rmants were obtained per ug of starting mRNA and screened 
go I and oligo II. A second hybridization was done on the 85 positive _ 
°C for 16h respectively. Plasmids were isolated from 8 clones out of 23 


which hybridized with oligo H but not with oligo 1. The chain-term 


Two plasmids, phANPI and phANP82, having the lon 
by the following methods. a, Maxam-—Gilbert method”; 
sequences 3’-GATCGATCTGCCCTC-3’ and 3° 
al. 


b, method of 





DNA insert of about 950 base pairs (bp) and phANP82 (about 
Met Asp Arg Ile Gly 


T 


i 
3'-TAC CTR GCB TAG cC-5' (oligo D 
CO A 
, 6 rel tab ces’ 
3°-TAC CTR TCC TAG CC-5’ (oligo ID 


850 bp), were sequenced according to the strategy indicated in 
Fig. | legend. 

Figure 2 depicts the complete nucleotide sequence of the 
cDNA insert of the phANPI plasmid which is 843 bp long 
(excluding poly(A) sequence). All of the 3’ portion of the mRNA 
upstream of the poly(A) tail? was represented in the insert 
because about 80 consecutive A residues were found at the 3’ 
end. Most of the 5’ end portion of the mRNA also seems to be 
represented in the insert, because none of 58 independently 

isolated transformants had plasmids with an insert appreciably 

“yypnger than that of phANPI on cleared lysate analysis’. 
The nucleotide sequence of phANPI has a single large open 
‘teading frame, the first ATG codon appearing as 91-93 nucleo- 
tides from the §' end (nucleotide residues 1-3 in Fig. 2). A TGA 
termination triplet is found 151 codons later. The 3'-untranslated 
region of 300 nucleotides contains the hexanucleotide sequence 
AATAAA (underlined in Fig. 2), which is known to precede 
_ polyadenylation sites in many eukaryotic mRNAs". 






| inator nucleotide 
primer showed that all 8 plasmids carried an insert which contained the cod 
est inserts (about 950 b 


-CTAGCTAGACGGGAG-S’ 
after cloning three fragments of the insert generated by digestion with 


9-20 includes 10 hydrophobic residues and is followed, 5 amino — ae 


-sequencing method of Sanger er al”? using oligo H asa- 
ing sequence corresponding to the first 11 amino acids of a-hANP._ 
p and 850 bp respectively), were used for further sequencing 
Sanger et al**, using as primers oligodeoxyribonucleotides of the 
for lower and upper strands respectively: c, method of Sanger et 
Pst] and Poull endonucleases into pUC8 plasmid'®. 


Figure 2 shows the amino acid sequence deduced from the — 
151 codons. The sequence of nucleotide residues 370-453, = 
encoding amino acids 124-151, corresponds precisely to the re 
amino acid sequence of a-hANP. In addition, residues 26-151 
deduced from the base sequence 76-453 in the cDNA corres- > 
ponds exactly to the natriuretic polypeptide of MW 13,000, > 
designated y-hANP, which has been recently identified Mee 
human atrial tissue. The complete sequence of 126 amino acids 
of y-hANP has been established in our laboratory as starting 
from H-Asn-Pro-Met-Tyr-Asn- at its N-terminus and ending in 
-Asn-Ser-Phe-Arg-Tyr-OH at its C-terminus; a-hANP is the 
C-terminal 28 residues of y-hANP (details to be published 
elsewhere). os : 

In the cDNA sequence, the TAC codon for the C-terminal 
Tyr of y-hANP is followed by the translational termination 
codon TGA. Therefore, the protein translated from the reading 
frame is apparently a precursor for both y-hANP and a-hANP, ~ 
and we have called the precursor pre-human atrial natriuretic 
polypeptide (pre-hANP). g ES 

The 25 amino acid residues preceding the y-hANP sequence 
exhibit features characteristic of a signal peptide which is usually’ i 
present at the N-terminal end of precursors of secreted pro- 
teins'™!?, The hydrophobic core!* corresponding to amino acids 










acids later, by an alanine residue at position 25, which 
often occurs before the cleaving site of signal pep 
The appreciable sequence similarity between 
peptides of the precursor for a-hANP and huma 


. . 99 §'terminal nucleotides shown in 


oy Fig. 3 Hybridization of human genomic DNA 


a 5 | ph ANP82. High-molecular-weight 
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5 -ACAGACGTAGGCCAAGAGAGGGGAACCAGAGAGGAAL CAGAGGGGAGAGAC/ GAGCAGCAAGCAGTGGATTGCTCCTTGACGACGCCAGC 
30 


Asn Pro Met Tyr Asn 
TIC CAG CTC CTA GGT CAG ACC AGA GCT AAT CCC ATG TAC AAT 


Fig.2 Nucleotide sequence of plas- 
mid phANPI cDNA insert and 
deduced amino acid sequence of the 
precursor for a-hANP. The nucleo- 
tide sequence of phANP! and 
_ phANP82 cDNA inserts were deter- 
mined as described in Fig. | legend. 
- Both sequences coincided except for 


H 
Met Ser Ser Phe Ser Thr Thr Thr Val 


the figure which were missing from 
the phANP82 insert. Nucleotide 
residues are numbered in the 5’ to 3’ 
direction, beginning with the first 
residue of ATG triplet encoding the 
initiator methionine. Nucleotides on 
the 5’ side of residue | are indicated 
by negative numbers. The predicted 
amino acid sequence of the precursor 
for a-hANP is displayed above the 
nucleotide sequence, and its amino 
acid residues numbered beginning 
with the initiator methionine. Boxed sequence is of a-hANP. 


Ala Pro Arg[Ser Leu Arg Arg Ser 
GCC CCT COGLAGC CTG CGG AGA TCC 
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- with a >?P-labelled cDNA probe from plasmid 
human 
-DNA (8 pg) isolated from peripheral blood 
“lymphocytes of several individuals by the pro- 
_eedure of Gross-Bellard et al.*, using pronase 
instead of proteinase K, was digested to com- 
“pletion with 40 U each of various restriction 
‘endonucleases, electrophoresed on 1.0% 
- agarose gel and blotted to a nitrocellulose fil- 
“ter, The *?P-labelled DNA probe was pre- 
pared from a 608-bp PstI fragment (nucleotides 
10-588 plus 29 G residues extended from 
nucleotide 10 of Fig. 2) of the cDNA insert of 
phANP82 as described previously”®. 1.4 x 10’ 














p.m. of the probe were hybridized with the 
filter for 16h at 65°C and then washed as 


described’. Numbers on the right of the figure 
indicate the size of the hybridized DNA frag- 
7 ment in kilobase pairs. 


'kephalin A (Met-Ala-Arg-Phe-Leu-Thr-Leu-Cys-Thr-Trp- 
Leu-Leu-Leu-Leu-Gly-Pro-Gly-Leu-Leu-Ala-Thr-Val-Arg-Ala, 
where indicated amino acid residues are underlined) was noted. 
The direct connection of y-hANP to the putative signal 
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19 


Ser Phe Leu 
ATG AGC TCC TTC TCC ACC ACC ACT GTG AGC ye eTe CYT TTA ETG GCA 


40 


Ala Val Ser Asn Ala Asp Leu Met Asp Phe Lys Asn Leu Leu Asp His Lew Glu Glu Lys Met Pro Leu Glu Asp Glu yal Val Pro Pro 
GCC GTG TCC AAC GCA GAC CTG ATG GAT TTC AAG AAT TTG CTG GAC CAT TYG GAA GAA AAG ATG cect TTA 


75 
Gin Yal Leu Ser Glu Pro Asn Glu Glu Ala Gly Ala Ala Leu Ser 
CAA GTG CTC AGT GAG CCG AAT GAA GAA GCG GGG GCT GCT CTC AGC CCE 


108 


GIn Arg Asp Gly Gly Ala Leu Gly Arg Gly 
CAG AGA GAT GGA GGT GCC CTC GGG CGG GGE CCC TGG GAC TCC TCT GAT CGA TCT GCC CTE 


136 


r Lys rne y uiy 
AGC TOC TTC GGG GGC 
ae l 
TAC} TGA AGATAACAGECAGGGAGGACAAGCAGGGCTGGGCCTAGGGACAGACTGCAAGAGGCTCCTGTCCCCTOGGGTCTCTGCTGCATTTGTGTCATCTTGTTGCCATGGAGTTGT 


GATCATCCCATCTAAGCTGCAGCTTCCTGTCAACACTICTCACATCTTATGCTAACTGTAGATAAAGT GGTTTGATGGTGACTTCCTCGCCTCTCCCACCCCATGCAT TAAATTTTAAG 
GTAGAACCTCACCTGTTACTGAAAGTGGT TT GAAAGTGAAT AAACT TCAGCACCAT GGACAGAAGAC - 3° 


Leu Leu Leu Ala Phe Gln Leu Leu Gly Gin Thr Arg Ala 





50 68 
GAA GAT GAG GTC GTG CCC COA 

0 © g 
Pro Ley Pro Glu Yal Pro Pro Trp Thr Gly Glu Yal Ser Pro Ala 
CIC CCT GAG GTG COT CCC TOG ACC GGG GAA GTC AGC CCA GCC 
118 . 120 
Leu Leu Lys Ser Lys Leu Arg Ala Leu Leu Thr 
CTA AAA AGC AAG CTG AGG GCG CTO CTC ACT 


156 


270 


Pro Trp Asp Ser Ser Asp Arg Ser Ala 
p ASP 4 350 
kk 


149 
rg Met Asp Arg ile GIy Ala Gin ser y Leu biy Cys Age ser rg 
AGG ATG GAC AGG ATT GGA GCC CAG AGC GGA CTG GGC TOT AAC AGC TTC CGG 





450 


567 


HBE 
753 


The arrow indicates the most likely processing site for signal peptidase. The 
hexanucleotide which precedes the site of polyadenylation in many eukaryotic mRNAs’! is underlined. 





sequence suggests that removal of the signal peptide and disul- 
phide bond formation may yield natriuretically active y-hANP. 
Also, the location of a-hANP at the carboxyl end of y-hANP 
suggests that further processing takes place after the sequence 
Pro-Arg (residues 122-123). Although the Pro-Arg sequence has 
not been regarded as a typical processing signal in the synthesis 
of many peptide hormones, gastrin-releasing peptide is known 
to be processed at a Pro-Arg sequence to yield its C-terminal 
decapeptide amide in the mammalian intestine'® and spinal 
cord”. a-hANP could be similarly processed out of the pre- 
cursor. 

The existence of multiple peptides with natriuretic activity in 
human atria led us to investigate (as described in Fig. 3 legend) 
whether the other related hANP genes are present in the human. 
genome. Endonucleases BamHI, EcoRI and HindIII do not 
have cleavage sites in the cDNA, but Beli has a cleavage site 
near the Pst] site (Fig. 1). The fragment to the right of the Bell 
site would not be expected form a stable hybrid with the probe 
used because the complementary sequence region is only 
nucleotides long. A single hybridizing DNA fragment can bë 
seen in each lane of the gel (Fig. 3), which strongly suggests 
the existence of a single gene for hANP precursor in the human 
genome, although the presence of multiple genes comprising a 
repetition of the same sequence cannot be excluded. 
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é. Cowsik, R. & Nussinov, S. Phys. Lert. 1OLB, 237~240 (1981). 


Astrophysical consequences of 
n-ñ oscillations 


ARAM and KRISHAN’ have suggested 
t the anomalously high flux of low- 
energy antiprotons observed in cosmic 
rays’ is produced when free neutrons, 
which are possibly ejected in supernova 
explosions, undergo neutron—antineutron 
(n~fi) oscillations as expected in some 
grand and partially unified theories*. Such 
oscillations are strongly / Suppressed i in an 
external magnetic field*~® but by choosing 
the interstellar field strength, B, to be as 
low as 107G and an oscillation time, 
Tra = 10° s, these authors obtain', ñ/n = 
107°. Because ñ and n 8- decay to p 
and p respectively, this implies p/p< 
1074, which compares with the observed 
value?, p/p =(2.2+0.6)x107* at ~130- 
370 MeV/n. (Contrary to their’ remark, 
the ratio p/p cannot exceed the ratio fi/n, 
regardless of the number of neutrons ejec- 
sd per proton in a supernova.) 
However, before this suggestion, old 
limits on the stability of nuclear matter 
had been used to infer“ r a> 
10°-5 x 10’s. Also, direct observations of 
free neutron beams had yielded the limit’, 
Ty a> 1210's, and this has been 
recently improved tof 7,_,>10°s. 
Furthermore, the interstellar magnetic 
field strength must be > 107° G to account 
for observations of pulsar signals’ and the 
galactic synchrotron background'®, (We 
disagree that this value is “. . given by 
equipartition arguments . . (with) . . no 
physical basis . . ”'.) Thus, using these 
conservative limits, we obtain fi/ n= p/p< 
107° (7,_,/10°s)"* (B/107° GY?. More- 
over, this obtains at ~I MeV/n, corre- 
sponding to the typical ejection velocity 
P ~10*kms”' in a supernova. Thus 
e observation that p/p~i0* at 
~200 MeV/n cannot be accounted for by 
this mechanism. 

Note that even in the total absence of 
a magnetic field, neutrons would sooner 
B-decay than oscillate into antineutrons. 
This sets an absolute upper limit ñ/n < 
107° (7,.2/10°s)"*, thus making this pro- 
cess uninteresting in any conceivable 
astrophysical or cosmological context. 

I thank Professor D. W. Sciama for 
discussions. 
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SIVARAM AND KRISHAN REPLY—We 
have not stated anywhere in our paper! 
that all of the 10°’ neutrons ejected bya 
single supernova are at 
~200 MeV, in which case there would — 
indeed be an excess of energy involved.: 


The only claim made is that here is a 


possible mechanism for directly produc- 
ing p at low (MeV) energies without any 
need for deceleration from energies of 


several GeV (with its attendant difficulties) 
inevitable in most models. 


Second we felt that there was no need. 


for Sarkar to have written down all the 
formulae for n-ñ transition probabilities. 


These are well known and are the same 


formulae that we used. In fact for a B= 
10°’ G and 7,_, of 10°s, he also obtains 
fi/n~10~*. Regarding his chief point of 
contention that the strength of the inter- 
stellar magnetic field must be ~10°°G: 
we are surprised that Sarkar has over- 


looked the fact that in the latter half of. 


our paper we have pointed out that if this 
field is assumed it would considerably 
lower p/p (<10" 6), (For 10° G, Tg >En. i 
and for 10°’ G, they are just equal.) We 
went on to point out that to build up the 
observed low-energy background of 10° 
antiprotons in our Galaxy (as implied by 
the observed density of 1074 eV cm~*) we 
would require a few thousand explosions 
which would occur in periods ~10° yr 
which is the same order as the diffusion 
time for the produced particles to spread 
over the Galaxy and produce the observed 
background. More generally one can say 
that the number of antiprotons produced 
iS 


Tia 
p N (= a) g fi, Taa Af Ta- 
where N is the number of neutrons per 
supernova, f the frequency of explosions 
and t the diffusion time ~10° yr. Thus if 
all low-energy antiprotons (p = 10°°) in the 
Galaxy were produced by supernovae, 
then with N = 10°’, f= 1/10 yr, we would 
have an astrophysical constraint on the 
oscillation time Taa If Trt 10’s (as 
indirect evidence suggests), of course, the 
Pp production would be too low. Measure- 
ments of p should perhaps be made over 
a few MeV as this is the range where most 
supernova neutrons are produced. 


C. SIVARAM 
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Indian Institute of Astrophysics 
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an energy 


statement: 


section was deposited in much less time 


Formation of sapropels 
in the Tyro Basin 





WE were most interested in the two com- = 
panion papers pertaining to the recent for- -= 
mation of sapropels in the Tyro Basin, an 
isolated depression within the Hellenic ee 


Trench in the eastern Mediterranean Sea. - 
Certainly the physiography within this 
trench system would be conducive to 


_ allowing localized near-bottom anoxia 
because of limited bottom water ventila- 
tion as related to outcrops of Messinian 


salt, as well pointed out by Jongsma etal! 


| and de Lange and ten Haven’. 


-We are concerned, however, with their 
“Assuming an undisturbed 
sedimentation and taking a relatively high 


sedimentation rate of 5 cm kyr™', we con- 
clude that the recovered sediment column peek 


of 400 cm of solely sapropel to sapropelic 
sediment indicates a period of at least 
80,000 yr.” a 

Instead, we suggest that the 4-m long. 





There is ample evidence of resedimenta 
tion events in similar isolated basins. 
during the recent geological past and the 
present throughout the Hellenic Trench 
system”, as well as on the Mediterranean - 
Ridge immediately south of the trench®’. — 
In particular, redeposited sapropels have 
been identified in dated piston cores from 
these regions. Gravity-driven processes 
triggered by the active tectonism in the 
region have resulted in stratigraphically 
displaced and expanded- thickness 
sapropel sections’, sometimes in excess 
of 4m, and in dilution of organic matter 
content. As a result of this prevalent 
resedimentation process, cores from the 
trench show some of the highest 
sedimentation rates (to >400kyr™') yet 


measured in the Mediterranean Sea’. 


Thus, their conclusion of a 400-cm long 


Sapropelic section representing 80,000 yr 


of undisturbed sedimentation is unrealis- 
tic. It is equally plausible that at least part 
of the sapropelic section cored in the Tyro- 


Basin is redeposited, and equivalent tothe 


upper sapropel (S,) dated at ~8,000 yr BP 
and mapped over much of the eastern 
Mediterranean. | 
-L-DGO contribution no. 3653. 
FLOYD W. McCoy 
Lamont-Doherty Geological Observatory, 
Palisades, New York 10964, USA 
DANIEL JEAN STANLEY 
Division of Sedimentology, 
Smithsonian Institute, 
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TROELSTRA ET AL. REPLY—We agree 
with McCoy and Stanley’s view that the 
age at the bottom of the Tyro Basin core 
must be considerably younger than we had 
assumed in our papers, which were mainly 
based on shipboard observations. Shore- 
based analyses, still in progress, have 
produced different data. Because of the 
different bottom water regimes in the Tyro 
and Kretheus basins, we would like to 
consider each basin separately. 

First, we want to stress that, at present, 
conditions suitable for sapropel forma- 
tion, namely an anoxic and reducing 
environment due to halocline water 
stratification, do exist in the Tyro basin. 
Laboratory studies on core P46 indicate 
that sediments were not deposited in 
exclusively pelagic conditions. The most 
important argument for this is the presence 
of fining-upward. sequences in the core, 


Z indicating. transport by mass-flows. Fur- 
= thermore, faunal and floral composition 
through the core is rather uniform and 


suggests a relatively warm climate. If the 


-= age at the bottom of the core were 
-0 - 80,000 yr, a fluctuating faunal and floral 
=- pattern would be expected, due to climatic 

changes. Moreover, the presence at the 


bottom of the core of well-preserved algae, 
one species still in possession of bright 
green-coloured chlorophyll, indicates that 
little or no diagenesis took place. This is 
-contrary to what one would expect if the 


| D sediments were deposited at 80,000 yr BP. 


In contrast to the Tyro Basin, bottom 


© waters in the Kretheus Basin are well- 


` ventilated at present. Core P45 consists of 
‘alternate dark-coloured (? resedimentated 
` sapropel) and lighter-coloured sediments. 
The latter contain abundant sand-sized 





grains of metamorphic rock indicating that 
<- sedimentation in the Kretheus Basin is 


also governed by -mass-flow transport. 





— MAT ERSA ARISING- 


S similarity among 
retroviruses—erratum* 


RECENTLY Toh et al.’ reported the 
existence of amino acid sequence similar- 
ity between the reverse transcriptase of 
certain retroviruses and the DNA poly- 
merases of cauliflower mosaic virus 
(CaMV) as well as a region of hepatitis B 
virus (HBV) that probably encodes a DNA 
polymerase. For completeness, we draw 
attention to other regions of protein simi- 
larity between retroviruses (human T-cell 
leukaemia virus, HTLV; Moloney murine 
leukaemia virus, Mo-MuLV; and Rous 
sarcoma virus, RSV), HBV and CaMV that 
were not reported by Toh et al. 

The sequences are presented in Table | 
and the relative positions of the similar 
regions indicated in Fig. |. The common 
set of amino acids discussed by Toh et al. 
is conserved in the amino-terminal region 
of all retrovirus reverse transcriptases 
studied (regions I-III). These common 
sequences are located near the amino- 
terminus of the HBV protein and the 
centre of the CaMV polymerase. Another 
region of similarity, IV, not discussed by 
Toh et al, is also found in all retroviruses 
and is present in the CaMV protein. 
Region V, reported by Toh et al, to be 
present in Mo-MuLV and RSV, is also 
found on HTLV. We also draw attention 
to sets of amino acids that are conserved 
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Fig.i Alignment of the polymerase gene 


products among five different viruses, 
depicting the regions shown in Table 1. 


with respect to sequence and relative posi- 
tion between the reverse trans¢riptases of 
HTLV and Mo-MuLV (M1-M4) and 
HTLV and RSV (RI-R4). 


ROBERTO PATARCA 
WILLIAM A. HASELTINE 
Laboratory of 
Biochemical Pharmacology, 
Dana Farber Cancer Institute, 
Harvard Medical School, 
Boston, Massachusetts 02115, USA 





1. Toh, H., Hayashida, H. & Miyata, T. Nature 305, 827~829 
(1983). 

2. Shinnick, T. M., Lerner, R. A. & Sutcliffe, A. Nature 293, 
$43~548 (1981). 

3. Seiki, M, & Hattori, N. Proc. nain Arnd Sci. LSA $, 
3618-3622 (1983). 

4. Schwarts, E, Tizard, R. & Gilbert, W. Cell 32, 853-869 
(1983). 

5. Gardner, R. C. etal. Nucleic Acids Res. 9, 2871-2888 (1981). 

6. Ono, Y. et al Nucleic Acids Res. 8, 1747-1757 (19831. 





Table 1 Alignment of the similar regions in polymerase gene products among different viruses 
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University Microfilms Central Asia and India. This edition, a translation of 
International | the popular 1968 Soviet handbook, includes updated 
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| MECHANISMS OF MORPHOLOGICAL 
EVOLUTION | 

A Combined Genetic, Developmental and Ecological 
Approach k 

by W. Arthur, Department of Biology, Sunderland Polytechnic 
As the title implies, this book is about the evolution. of 
developmental systems in general rather than specific evolu- 
tionary. pathways. It is written by a biologist, and aims to 
integrate quantitative and ecological genetics, evolutionary 
| ecology and developmental biology; this synthesis provides 
| stimulating new insights into the development and long term 
evolution of morphological characters. Although the potential 


reader is assumed to have fairly extensive biological knowledge, 


advanced mathematics are not required. | 
| 0471 903477 292pp june’B4 £19.00 
| BIOLOGICAL MACROMOLECULES AND 
. Volume 1: Virus Structures 

= edited by F, Jurnak and A. McPherson, both of University of 
a California, Riverside 








| This volume presents the most impressive recent achievements 


-of macromolecular analysis by x-ray diffraction methods, focus- 


| ing on the study of the structures of the viruses. It offers 
| examples of icosahedral or spherical plant viruses, helical plant 


~yiruses, filamentous phages, and initial investigations of more 


“complex icosahedral animal viruses. 


| 047187077 3 408pp june’B4 


- GROWTH AND MATURATION 
FACTORS, Volume 2 
edited by G. Guroff, National institutes of Health 
This volume continues to survey growth factor research, pre- 
| senting the most recent discoveries on erythropoietin, sciatin, 
| and various other muscle trophic factors, tumor and related 
| angiogenesis factors, prostaglandins and proliferation of cul- 
| tural animal cells, ke promoting factors in human and 
bovine milk, T-cell growth factor, and affinity labeling of 
receptors. It presents unfolding information from several points 
of view. 
Series: Growth and Maturation Factors, Volume 2 
0471 09708 X 354pp June’&4 


SALINITY TOLERANCE IN PLANTS 
Strategies for Crop Improvement 

edited by &.C.Staples, Cornell University and G.H.Toenniessen, 
The Rockefeller Foundation 


£69.25 


£66.00 


International experts review current knowledge on the physio- 
logical and biochemical mechanisms used by plants to accom- 
modate high saline conditions. The book offers specific guid- 
ance to new genetic manipulation techniques for breeding 
saline-tolerant varieties, 


Contents: Part One: Mechanisms of Salt Tolerance; Part Two: 
Crop Selection and Improvement; Part Three: Controlled 
Environments and Economic Analyses; Author and Subject 
indexes. 


0471 89674 8 462pp june 84 £47.45 


NEW YORK + CHICHESTER 


ONTO « SINGAPORE 


edited by $. Anderson, The American Museum of Natural 
History, New York, and J.K. Jones, jr, Texas Tech University 


A comprehensive, quick reference summary of the orders and 
families of living and recently extinct mammals of the world. 
This convenient, one-source reference provides ready access to 
information on diagnostic features, general characteristics, 
habits, habitats, distribution, and genera, It includes an extens- 
ive bibliography. 
0471 08493 X 


700pp - June’84 £54.40 


PHOTOSYNTHESIS 
by C. Foyer, Sheffield University 
A concise, yet comprehensive description of the photosyn- 


thetic pathways, their regulation, and interrelationships. The f 
book focuses on higher plants but considers algae and bacterial $ 


systems as weil. It also indicates the ways in which plants adapt 
to the environment. 
Series: Cell Biology: A Series of Monographs 


Contents: General Concepts; The Photosynthetic Membranes; 
Interactions Between the Thylakoids and Stroma; The Reduct- 
ive Pentose Phosphate Pathway; The Role of the Chloroplast | 
Envelope; The End Products of Photosynthesis in Leaves; C4 | 
Metabolism: Crassulacean Acid Metabolism (CAM); Photo- 
respiration; Index. 


0471 86743 0 240pp june’84 £29.65 


DEVELOPMENTAL BIOLOGY OF sy 
CULTURED NERVE, MUSCLE, AND GLIA 
by D. Schubert, The Salk Institute, San Diego 


This presents a discussion of differentiation and cell-cell inter- 
actions in biology. The book outlines the history of cell culture, 
focuses on the advantages and limitations of cultured cells for 
the study of cellular differentiation, describes the work of the 
past decade, and discusses extracellular macromolecules and 
cellular adhesion. Where possible, it is written fromthe vantage 
point of the individual experiments which clarified major issues. 


0471 86592 3 332pp june’B4 £49.45 


IMMUNOLOGY | 
The Science of Self-Nonself Discrimination 
by }. Klein, Max-Planck-institut fur Biologie, Tubingen 


This introductory text stresses the biological approach to 
immunology. The first section explains what immunology is and 
how immunological processes might have originated, Part Two 
offers detailed views of immunclogically important organs and 
tissues, their origin and pathology. An in-depth analysis of 
macrophages, T lymphocytes, and B lymphocytes is offered in 
Part 3, while Part 4 synthesizes the text, explaining how bodies 
defend themselves from external and internal insults. The well- 
illustrated text includes appendices that summarise funda- 
mental background information. 


0471 05124 1 700pp October’82 
0471 80762 1 700pp May’84 


(cloth) £69.00 
ipaper) £32.75 
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The welfare stake 





, GG. Goodwin 









By Andrew N. Rowan. 





Of Mice, Models, and Men: A Critical Evaluation of Animal Research. 


State University of New York Press: 1984. Pp.323. Hbk $34.50; pbk $12.95. 
Man and Mouse: Animals in Medical Research. 


By Wilham Paton. 


Oxford University Press: 1984. Pp.192. Hbk £9.95; pbk £2.95. 


AS Andrew Rowan says on p.31 of his 
book, ‘‘research on animals touches a very 
raw nerve in some people’’. Those who 
protest do so from diverse motives — they 
may identify with the helplessness of the 


animal or argue against ‘‘speciesism’’ as | 


against sexism, racism and slavery. Some 
fight research they consider to be wasteful 


and frivolous, while others fear scientific 


progress of any kind. In recent years 
“Activist movements (reflecting the growth 
of violence in other spheres) have 
organized angry, destructive demonstra- 
tions; research animals are “‘liberated’’ and 


terrorist groups break into laboratories and use 
letter bombs to intimidate those who dare to 
remind the public of the advances in curative 
medicine and in public health that have followed 
from experiments on living animals [Sir Andrew 
Huxley in the foreword to Man and Mouse}. 


Yet, at the same time, there is a more 
intelligent, growing public concern about 
the way in which animals are used in 
laboratories. Although there is need for 
debate, biomedical scientists have 
sometimes been unwilling to talk. 

The appearance of two excellent, 
outspoken books, one from each side of 
the Atlantic, is well timed. Andrew Rowan 
rom Tufts University School of 
Veterinary Medicine, has a clear appre- 
ciation of the value and necessity of animal 
experiments but for long has waged a cam- 
paign for animal welfare, for the intro- 
duction of effective United States Govern- 
ment legislation and for a reduction in the 
numbers of animals used in what he 
considers to be wasteful or unnecessarily 
painful experiments. 

Rowan feels that ‘‘the old platitudes and 
the arrogant cliché that doctor knows best 
are no longer sufficient in the face of a 
more sophisticated approach by the animal 
welfare movement’’. He deals with the 
history of animal research in the United 
States and with the attitudes and 
assumptions it evoked, lists the numbers of 
animals used, attempts to assess the pain 
and suffering caused, and discusses the 
‘rights of animals, He thinks that too 
many animals are used needlessly in 
ucation at all levels and deplores the 
“science fairs” that lead to unnecessary 
suffering of animals at the hands of high- 
school students. He also criticizes the work 
of the primate centres, various aspects of 
behavioural, Psychological and other 








studies, and gives examples to support his 
belief that biomedical knowledge is being 
advanced at too great a cost in animal 
suffering. He believes that there is an 
opportunity for a great reduction in the 
wastage of animals in toxicological tests 
and for the revision of the requirements of 
the statutory bodies that demand them. 

Sir William Paton, of the Department of 
Pharmacology in Oxford, has written a 
thoughtful, philosophical book that covers 
much of the same ground but from a 
different viewpoint. His objective is to 
make a strong case for responsible experi- 
mentation on live animals, and to look to 
the future. While there has been legislation 
in Britain on the conduct of animal experi- 
ments for more than 100 years, the Act of 
Parliament of 1876 is in course of revision 
and there is a European Convention on the 
use of animals in research. 

In a reflective discussion of the ethical 
questions, Paton finds that the character- 
istic that gives human life a special value, 
different in quality from the lives of other 
animals, is the capacity to accumulate 


experience by the spoken, written and > 
printed word and all that flows from it —— 


the capacity to consent, to ask moral 


questions, to feel moral obligations and to- 


feel responsible for animais. He finds no 


basis for claims that animals have ‘‘rights’” 


(a human social concept linked with 
duties), but distinguishes between humans 
as moral agents and animals as moral 


objects, in respect of which humans accept © 


duties. ‘Animal rights” may be replaced, 
with some gain, by the “moral worth of 
animal life’’. 

Paton shows how, from the earliest 
times, accumulated knowledge from 
animal experiments (deliberate attempts to 
discover what was not yet known) has 
yielded great benefits for human and 
animal health. Many of these benefits were 
derived from work undertaken to acquire 
basic knowledge, with no particular benefit 
in view. Many problems still remain to be 
solved, especially in the control of diseases 
of impoverished, developing countries, 
and Paton warns that unreasonable 
harrassment and restriction of the efforts 
to acquire new knowledge is likely to 
inhibit advance and cause unnecessary 
human and animal suffering. Of all forms 
of animal suffering — — and the ‘‘natural’’ 
life of animals in ‘the wild is full of stress 
and tragedy — only that incurred by experi- 








ment, and the medical and veterinary prac- ` 
tice based on it, offers the prospect of — 
reducing further suffering and misery. 

Both authors agree that the problem is to- 
strike a balance and that Russell and 


Burch’s ‘3 Rs” (put forward in The os 
Principles of Humane Experimental © 


Technique, Methuen, 1959) should be 
applied to all animals in experimental work 
— replacement by alternatives when 
possible, reduction in numbers and refine- 
ment of method. To these Paton adds a 
fourth, responsibility of the experimenter, 
a concern shared with the world outside the 
laboratory. Rowan and Paton agree that 
deliberate funding of research into 
methods for the relief of pain in animal 
experiments would be of advantage, and 
Rowan would like to see much more money 
available for the study of alternatives to 
animals. They agree that the LD.» test 
(originally designed for the accurate assay, 
against a standard, of the toxicity of agents — 
such as diphtheria toxin in the preparation 
of vaccines) has been misapplied to 
substances for which an approximate 
measure of toxicity, using fewer animals 
and causing less suffering, would be more 
appropriate. They agree also that the 
statutory requirements laid down by 
official bodies for testing drugs and other 
chemicals should not be allowed to go 
unchallenged, but that tests should be 
discontinued when superseded by methods 
using less animals, causing less suffering or 
dispensing with animals altogether. 

The paradox is that, along with public 
concern with the plight of experimental 
animals, there is increasing demand for 
drugs, foods and household products to be 
“safe”. Safety testing, for a long time to 
come, will involve the use of animals. Tele- 
vision and radio programmes often report- 
exciting advances in medicine, surgery and 
biology based on animal experiments with- 


out drawing attention to the essential part a 


of such experiments, together with a 


rational mixture of non-animal and human ` J 


experiment, in achieving the advance. Sen-. 


sational accusations hit the headlines. of _ a 
popular newspapers which seldom give = 


coverage when such accusations have been 
shown to be without foundation. The 
truth, it seems, is not news. 3 

The debate will continue. As Sir Peter 
Medawar says: 


In the meantime we must grapple with the 
paradox that nothing but research on animals 
will provide us with the knowledge that will 
make it possible for us, one day, to dispense with 
the use of them altogether [The Hope of 
Progress, Methuen, 1972], 


That debate will be all the better informed 
if the various protagonists read both of 
these books. 


L.G. Goodwin was formerly Director of Science — 
at the Zoological Society of London. He serves 
ona Committee of the Royal Society responsible 


Jor drawing up guidelines for the use of animals 


in research. 
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Honeyed history 
John B. Free 








The Archaeology of Beekeeping. 

By Eva Crane. 

Duckworth/Cornell University Press: 
1984. Pp. 360, £25, $39.50. 





THE history of man’s relationship with the 
bee is a long and fascinating one; 
throughout the ages artists and poets have 
expressed appreciation of the bounty of the 
hive and the supposed virtue and selfless 
toil of the bee. 

On the dust cover, the publisher claims 
that this is the first book ‘‘to explore the 
rich heritage of beekeeping archaeology’. 
This is not true. However, earlier books in 
English that dealt exclusively with the 
history of beekeeping — among them 
Hilda M. Ransome’s classic The Sacred 
Bee in Ancient Times and Folklore (of 
which a reprint is long overdue) and two 
works by H. Malcom Fraser, Beekeeping in 
Antiquity and History of Beekeeping in 
Britain — are no longer in print. During the 
past few years several other books have 
also included historical accounts of bee- 
keeping. Nevertheless Dr Crane’s book is a 
welcome and authoritative addition to the 
subject. Indeed it ranges more widely than 
its title implies and could more approp- 
riately be called A History of Beekeeping. 

Dr Crane provides detailed information 
on the latest archaeological and anthro- 
pological discoveries, notable among 
which are rock paintings depicting bee 
nests and honey-hunting in Zimbabwe, 
South Africa, Australia and central India. 
These and the long-known Spanish rock 
paintings are considered in relation to the 
honey-hunting techniques, still practised 
by primitive peoples in many parts of the 
world, to rob wild honeybee colonies of 
their honey and brood. 

From Egyptian tomb paintings, ranging 
from 2400 to 600 BC, we obtain our first 
evidence of bees being kept in hives and of 
the harvesting and packing of honey into 
pottery vessels for later consumption. 
Horizontal stacked hives as depicted in the 
paintings are still to be seen today in Arab 
villages. Only a few Greek pottery hives 
and no Roman ones have been excavated; 
fortunately, however, Classical writers 
have left us with a wealth of information on 
their understanding of the honeybee col- 
ony and the types of beekeeping they prac- 
tised. 

During the past 2,000 years there has 
been a proliferation of hive types and 
methods of beekeeping, each adapted to 
local conditions. Illustrations and descrip- 
tions are given of clay pots, hollow logs, 
and wicker and straw baskets that are still 
used as hives in many parts of the world, 
and were undoubtedly used more widely in 
the past. Knowledge about primitive hives 


and beekeeping methods is not merely of., 
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scholarly interest, as their use in modified 
form can be helpful in encouraging bee- 


keeping in developing countries where — 


there is often considerable potential for 
honey production. So it is crucial that we 
retain such information, and Dr Crane’s 
book could be most helpful in furthering 
this end. For example, the evolution of 
hives with movable combs can be traced 
back to a Greek basket hive, which here 
deservedly receives considerable attention. 


The principles it embodies form the basis of 


a hive now used in East Africa and 
elsewhere. 

Because most hives are of perishable 
material, few old ones have survived. 
However more durable material was used 
to form the shelters in which many of the 
early hives were placed. Some were kept in 
beehouses, each with its own access to the 
exterior; others in open-fronted shelters, 
and, most commonly in the United King- 
dom, hives were kept individually in 
recesses — bee boles — in stone or brick 
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walls. Bee boles were most common in the 


eighteenth and nineteenth centuries, and 


the author obviously finds them particular- 
ly fascinating. She devotes 46 pages to dis- 
cussion of bee boles and 33 pages to other . 
hive shelters; the International Bt. 
Research Association’s records of the bee 
boles and shelters in the United Kingdom 
are given in an 80-page Appendix. While it 
is useful to have this information brought 
together in published form, it occupies 
nearly half of the book and so unbalances 
the presentation somewhat and gives it a 
bias towards the United Kingdom. 

The book is attractively produced, 
contains much interesting and well-docu- 
mented information, and many unusual 
illustrations. It will be a most worthy and 
useful addition to the beekeeping sections 
of libraries Ci 








John B. Free is a Senior Principal Scientific 


Officer at Rothamsted Experimental Station, 


Harpenden, Hertfordshire. 





Hope for an answer 





William H. McNeill 


Weapons and Hope. 

By Freeman Dyson. 

Harper & Row: 1984. Pp.340. $17.26, 
£10.95, 








FREEMAN DYSON, whose last book set out 
to disturb the Universe, addresses this one 
to a more modest target: ‘‘. . . the gravest 
problem now facing mankind, the problem 
of nuclear weapons from a human rather 
than a technical point of view’’ (p.3). A 
human point of view means, above all, a 
moral point of view. But it is the morality 
of Odysseus rather than of Achilles, that is, 
of the cunning survivor, not the dead hero. 

The author wanders back and forth 
between personal reminiscence, literary 
discourse and strategic discussion in a 
delightful if sometimes confusing way fora 
reader who seeks a rigorous argument 
about how to escape the threat of nuclear 
annihilation. Perhaps Dyson chose this 
approach to emphasize the human 
dimension. More likely it was because he 
recognizes logical weaknesses in his recipe 
for escape from our dilemma, but wishes to 
insist that hope — persistent and unremit- 
ting hope — is the really important 
ingredient since only so can cheap despair, 
paralysis of will and atrophy of moral sense 
be forestalled. 

Dyson wants a world without nuclear 
warheads. He asserts that with the appro- 
priate exercise of moral indignation, poli- 
tical negotiation and technical investment 
in non-nuclear defensive systems the dis- 
mantling of the last nuclear device might be 
achieved after fifty years — with luck along 
the way. To reach this goal, American and 
Russian soldiers must be convinced that 
nuclear arms are counter-productive — 


unusable in war, and debilitating to the 
morale of the armed services in peace. Only 
cooperation between what he calls 
“warriors” and ‘‘victims’’ can lead to the 
abolition of nuclear arms. The problem, 
then, is to find a concept of national 
defence that does not depend on nuclear 
weapons, and then attract a robust political 
following in support of the military policies 
such a concept implies. 

Dyson discovers this in what he calls 
‘‘live and let live”, the principle that “We 
maintain the ability to damage you as badly 
as you can damage us, but we prefer our 
own protection to your destruction” 
(p.274). This rationale, Dyson thinks, 
would allow the United States to negotiate _ 
with the Russians for mutual reduction of _ 
existing nuclear weaponry all the way dowi - 
to zero — perhaps. Holding to the idea of 
mutually assured destruction (plus 
planning on first use of nuclear tactical 
weapons in case of a Soviet attack in 
Europe), he says, will permanently prevent 
successful negotiation for the simple 
reason that Russian doctrine concerning 
the use of nuclear weapons differs from 
that of the United States, being aimed at 
survival against strategic rocketry, if need 
be by means of counterforce first strike. 

I have difficulty in imagining just how 
Dyson’s concept of “live and let live” 
could be implemented. His most surprising 
suggestion pertains to how American 
strategic rockets should be targeted: 

The answer to this question is simple: We should 
not aim them at all. Live and let live excludes 
assured destruction targeting as inconsistent 
with the basic principle that live Americans ari 
to be preferred to dead Russians. Limit 
nuclear war and counterforce targeting ar? 
excluded because they are crisis unstabie, 
especially since we are assuming no change in the 
Soviet practice of counterforce targeting. What 
then are we to do with our strategic weapons? 
We must simply maintain them as best we can, 
making sure that they are as invulnerable as 
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Toxicology covers a wide field, which comprises 
chemical toxicology, cosmetics toxicology, environ- 
mental toxicology, food and drugs toxicology, 

< industrial toxicology, pesticide toxicology, and the 
«toxicology of atmospheric pollution, and:which 
involves acute and long-term testing as well as special 
tests for carcinogenicity, irritation, mutagenicity and 
teratogenicity. In the testing phases, diagnoses are 
reached through the disciplines of chemical pathology, 
clinical medicine and pathology, and in the experi- 
mental one, explanation is sought through chemical/ 
biochemical and pharmacological methods. 


In such a fragmented field as toxicology with so 
many diverse practices and specialisms, it is hard to 
gain an idea of continuity. 


This book attempts to unify the subject of toxicology 
and should be useful to chemists engaged in molecular 
biology and workers concerned with toxicology and 
cancer research in particular, as well as to pharma- 
cologists and specialists in drug development and 
occupational hygeine and medicine in general. 


Brief Contents: 
Part | Toxicity of Foreign Compounds 

| Assessment of Toxic Risk; Structure-Activity 
»§ Considerations; Measurement of a Carcinogenic 
_ Exposure; 
Part II Relation between Dose and Effect and Time 
Biological Action; Extension of Simple Theory to 
Toxicology; 
Part IH Metabolism 
Metabolic Pathways for Industrial Chemicals and 
Pesticides; Kinetic Considerations; 
Part IV Pharmacogenetics 
Species Differences in Metabolism and Toxicity; 
Part V Biochemical Lesions 
Mode of Action Studies; 
Part VI Chemical Carcinogenesis 
importance of Chemical Non-enzymic Reactions in 
Vivo; Possible Mechanisms of Carcinogenesis and 
their Biological Significance; Host Factors and 
Cellular Aspects; Tissue Specificity; 
Part VII Toxicant Allergy 
Antigen Formation and Immunobiological Effects 
Produced by Foreign Compounds; 


Hardcover 319pp 085186 068 0 
Price £27.50 ($50.00) 


Orders should be sent to: — 

=< The Royal Society of Chemistry, 
> f Distribution Centre, 

Blackhorse Road, 

Letchworth, 

Herts. SG6 1HN, 

England. 
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Leucocyte 


| Typing 


Human Leucocyte Differentiation 
Antigens Detected by Monoclonal 
Antibodies 


Specification - Classification - Nomenclature 





Typage leucocytaire 

Antigenes de differenciation leucocytaire humains revelés 
par les anticorps monoclonaux: “Rapports des études 
communes” 


Editors: A. Bernard, L. Boumsell, J. Dausset, C. Milstein, — 
S.F. Schlossman 


1984. 158 figures. 252 tables. 1 color poster. 
XXIV, 814 pages. 

Cloth DM 124,-- (approx. US $46.30) 

ISBN 3-540-120564 


Leucocyte Typing comprises the proceedings of the first 
international collaborative effort to define human leu- 
cocyte antigens by monoclonal antibodies. Involving 
practically all research groups active in the field, this 
unusually large study was sponsored by INSERM, IUIS 
and WHO, who will be basing their recommendations with 
regard to standardization and nomenclature on the work- 
shop results. 

The book deals with technical details, surveys the large 
number of antileucocyte reagents that have been pro- 
duced, discusses current problems, and draws conclusions 
concerning the future development of leucocyte typing; as 
such it is indispensable to the research immunologist. _ 
However, it also reviews the progress that has been made 
and provides a clear guide for the nonspecialist who 
wishes an up-to-date overview of this new field. The 
definition of antigens by monoclonal antigens now 
concerns almost all medical specialties and a study of this 
kind is essential for present clarity and future progress. 
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in response to critical demand — the paperback edition 





The Hunger for Salt 


AnA nthropological, Physiological and Medical 
Analysis 
by Derek Denton, Howard Florey Institute of 


Experimental Physiology and Medicine, University of 
Melbourne 


and printing. oe 346 figures. XX, 652 pages. 

Soft cover DM 1 12,—; approx. US $40.80, ISBN 3-540-13480-8 
“an extraordinary compendium of well-organized 
knowledge, so rich in its scholarly treatment that it will 
most certainly constitute a primary source of reference, 
knowledge and new ideas for anthropologists, physio- 
logists and physicians.” Roger Guillemin, Nature 


“ va readable, reflective and marvelously catholic 
work.” Philip Morrison, Scientific American 


Springer-Verlag 
Berlin Heidelberg 
New York ‘Tokyo 


Tiergartenstr. 17, DAHO Heidelberg 1. 175 Fifth Ave.. New York, NY LOOT USA, 
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gs together 100 unique scientific photographs, 
chosen for their historic significance, and spanning 150 vears 
of photography from its origins to the present dav. Ranging 
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photograph is as Í fully re umenie 
technique used, and its scientific : 


wey 


eee 2 ®@ we oy § 


fe Vision falls into that rare ci h 
RES a visual feast with an intelle ec ial one. F 

TRS page overflowing with revelation and 
enjoyment. New Scientist 

. the book is a most valuable enter to the 
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hope that it will be sufficiently succes: 
followed by a second selection re’ ating h more of the 
wonders of scientific photo hv. Nature 
0 19 853245 8 £15, 224pp., 100 Hlustrations, over a quarter 
in colour, Mav 1984 
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Selectivity — a Goal for Synthetic 
Efficiency 

edited by W. Bartmann and B. M. Trost 
Series: Workshop Conferences Hoechst, 
Volume 14. X, 424 pages with many figures. 
Hardcover. DM 85.~/$ 42.50". 

ISBN 3-527-26142-7 





Organic Synthesis 

Concepts, Methods, Starting Materials 
by J. Fuhrhop and G. Penzlin 

XI, 355 pages with 21 tables. 

Hardcover. DM 78.-~/$ 39.00". 

ISBN 3-527-25879-5 
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Chemical and Enzymatic Synthesis of 
Gene Fragments | 
A Laboratory Manual 
edited by H. G. Gassen and A. Lang | 
X, 260 pages with 69 figures and 15 tables. | 
Hardcover. DM 78.~/$ 41.10". 
ISBN 3-527-26063-3 | 
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Bacterial Endotoxin 

Chemical, Biological and Clinical Aspects 
edited by J. Y. Homma, S. Kanegazaki, O. 
Lüderitz, T. Shiba and O. Westphal! 

1984. IX, 420 pages with 157 figures and 
110 tables. DM 118.~-/$ 61.80”. 

ISBN 3-527-26164-8 


Stereospecificity in Organic Chemistry 
and Enzymology 

by J. Rétey and J. A. Robinson 
Volume 13 of Monographs in Modern 
Chemistry. XI 324 pages. 

Hardcover. DM 138.-/$ 86.30". 

ISBN 3-527-25905-8 


Angewandte Chemie International Edition 
in English (Journal) 

Published under the auspices of the German 
Chemical Society (GDCh). 

1984. Volume 23. Published monthly. 

Annual subscription rate DM 428.— 

plus postage and handling fee. Reduced 
rates are available for members of the 
German Chemical Society. 
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possible to Soviet attack and that they are not 
aimed at anything in particular. This is what it 
means to say that we value them as bargaining 
chips but not as usable military weapons. 


í ARZTS-276), 


But aimed at nothing in particular is still 
aimed at something — what? 





Courtesy of Harper & Row 


v 
Freeman Dyson — morality of Odysseus. 


Technological development does alter 
war plans and can divert arms races into 
unforeseen paths. For example, miniatur- 
ization of hydrogen warheads drastically 
altered weaponry and war strategy in the 
1950s and 1960s, as Dyson lucidly explains. 
Similar shifts in thinking may well arise in 
the future. New defensive weapons may 
make our ICBMs as obsolete as, for 
example, the disappearing-carriage coast 
PWartillery guns built so proudly about a 
century ago. But it is hard for me to 
imagine that new weapons will not be as 
destructive as those they displace. Per- 
suading sovereign states and their military 
experts to substitute weaker weapons for 
those they have runs counter to the choices 
that have always been made in times past. 
Can the concept of ‘‘live and let live’’ really 
reverse that drift? Or is there only hope? 

What I find odd about Dyson’s 
approach is his acceptance of the existing 
State system as unalterable. Relocation of 
sovereignty is how Other arms races have 
ended. If ours is ever to do so that seems a 
far more probable scenario than anything 
Dyson proposes. The fact that peace 
through subjugation is unpalatable may be 
why Freeman Dyson rejects this possibility 
without considering it. He seems to feel 
that it would be treason to his given name. 
But would it? Perhaps he should supple- 
ment Homer with Vergil, to see how 
empires may also find patriots and loyal 
subjects, profoundly grateful for the peace 
they bring. 


William H. McNeill is Professor of History at 
the University of Chicago. 


BOOK REVIEWS 
Probable ideas 
Cyril Domb 


Statistical Physics and the Atomic Theory 
of Matter, from Boyle and Newton to 
Landau and Onsager. 

By Stephen G. Brush. 

Princeton University Press: 1983. Pp.356. 
Hbk $45, £38.70; pbk $14.50, £12.70. 


ELLIOTT Montroll, who died last 
December, was a leading figure in statisti- 
cal physics for four decades. In a lecture 
delivered in 1958 entitled ‘‘One Hundred 
Years of Statistical Mechanics’’, he argued 
that the field was initiated by the 1857 
paper of Rudolf Clausius on ‘‘The Kind of 
Motion We Call Heat’’. Admittedly there 
had been a good deal of activity since 
Newton, but activity is not the same as pro- 
gress. 

Montroll’s thesis had the powerful back- 

ing of Willard Gibbs, who wrote in an 
obituary tribute to Clausius: 
The origin of the kinetic theory of gases is lost in 
remote antiquity and its completion the most 
Sanguine cannot hope to see. But a single genera- 
tion has seen it advance from the stage of vague 
surmises to an extensive and well established 
body of doctrine. This is mainly the work of 
three men, Clausius, Maxwell, and Boltzmann 
of whom Clausius was the earliest in the field 
and has been called by Maxwell the principal 
founder of the science. We may regard his 1857 
paper as marking his definite entry into this 
field, although many points were incidentally 
discussed in earlier papers. 

Stephen Brush argues that it is the task of 
the historian of science to record activity as 
well as progress, to make sure that false 
starts and dead ends are given proper 
coverage as well as the dramatic and ex- 
citing successes. Therefore, in addition to 
describing the fundamental contributions 
of Clausius, Maxwell, Boltzmann and 
Gibbs, who laid the foundations of modern 
Statistical physics, he also tells us in detail 
of the struggles of earlier pioneers such as 
Boyle, Newton, and Daniel Bernoulli, and 
of the unsuccessful wave theory of heat 
which was an attempt to emulate the trium- 
phant wave theory of light. 

Maxwell was the first to appreciate that 
the language of probability and statistics is 
essengial in relating the behaviour of a 
macroscopic body to the properties of its 
microscopic constituents. Boltzmann 
developed and extended Maxwell's ideas 
and introduced his famous hypothesis 
relating the entropy of a macrostate to the 
combinatorial weight of microstates. He 
also pursued the kinetics of the approach to 
equilibrium, and was forced to grapple 
with the irreversibility paradox — how it is 
possible for equations of motion, which 
are reversible on the microscopic scale, to 
give rise to irreversible macroscopic 
phenomena. The introduction of these 
novel ideas and the battle to get them ac- 
cepted are among the most fascinating 
stories in the history of physics. Brush con- 
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siders that these concepts may have helped 
significantly to bring about the acceptance 
of probability and indeterminancy in 
twentieth-century quantum physics. 

Statistical mechanics played a central 
role in leading Planck to his famous 
quantum hypothesis. However Brush 
claims that the standard textbook account 
that the quantum of energy 7iv was 
introduced to overcome the ‘‘ultra-violet 
catastrophe’’ is false and was invented by 
Paul Ehrenfest. Planck was looking for a 
formula which would fit the theoretical 
and experimental results on black body 
radiation. His result did not immediately 
produce much excitement in the world of 
physics. Gradually, as a result of Einstein’s 
interpretation of the photoelectric effect, 
experimental developments in spectro- 
scopy, and the success of Bohr’s model of 
the atom in interpreting some of them, his 
new hypothesis gained acceptance. 

A substantial part of the book is devoted 
to the history of modern fields of research, 
and here the author faces the difficult 
problem of coping with a burgeoning yet 
scattered literature. Many important 
results are first published in conference 
proceedings, and reliable guidance can be 
obtained only by consulting active 
researchers. Professor Brush has adopted 
this method, and has incidentally repro- 
duced many interesting personal 
anecdotes. 

The coverage given to different contem- 
porary topics is subjective. The super- 
fluidity of liquid helium receives exhaustive 
treatment, presumably because the author 
himself was actively engaged in the field. 
More space is devoted to this topic than to 
the whole of phase transitions and critical 
phenomena, each success or failure of the 
**collective excitafion’’, approach of 
Landau and the rival ‘*Bose Einstein con- 
densation’’ of London and Tisza being 
faithfully recorded. By contrast the theory 
of superconductivity receives quite cursory 
treatment. 

It is inevitable in a book covering sucha 
wide variety of topics that there should be 
some omissions. For example, in the area 
of phase transitions (with which I myself 
have been concerned) the treatment of the 
solid—liquid transition makes no reference 
to the important work of Sir Francis Simon 
and his collaborators on the melting curve 
at high pressures. The concepts of scaling 
and universality which play such an impor- 
tant part in the modern theory of critical 
phenomena are not given proper attention. 
There is no account of the return to 
Landau’s ideas in their Landau—Ginzburg 
form for the development of the renormal- 
ization group. The work of Patashinskii 
and Pokrovski in the Soviet Union should 
also be mentioned. In the classical period 
no reference is given to the work of 
Ornstein and Zernicke who provided the 
first correct description of correlations 
near the critical point; and Andrews’s 
Bakerian Lecture to the Royal Society in 
1869 deserves to be included in the 








reference list. All these points might 
perhaps be taken into account in a second 
edition. 

One of the tasks of the historian of 
science is to see that credit is properly 
assigned for scientific discoveries. Pro- 
fessor Brush emphasizes the part played by 
Wilhelm Lenz, the supervisor of Ernst 
Ising, in formulating the Ising model; in 
fact Brush uses the terminology ‘“‘Lenz— 
Ising model’’. He also tells the sad story of 
J.J. Waterston who anticipated some of 
the ideas of Clausius in 1845. Waterston’s 
paper was rejected by the Royal Society 
and the manuscript was not even returned 
to the author. In addition, the respective 
contributions of Bose and Einstein to the 
development of Bose-Einstein statistics, 
and of Fermi and Dirac to Fermi—Dirac 
statistics are described. 

A useful feature of the book is the wide 
and detailed reference list, and research 
scientists will be surprised to find how the 
literature on the history of science has 
grown. For example, I learnt of the exis- 
tence of English translations of several of 
Clausius’s fundamental papers, and of a 
publication of Waterston’s collected 
scientific papers. In all, this is a book from 
which all who are interested in statistical 
mechanics can benefit. g 





Cyril Domb is Professor of Physics at Bar-Ilan 
University, Ramat-Gan, Israel. 





Managing disease 
J.W. Deacon 


The Nature and Practice of Biological 
Control of Plant Pathogens. 

By R. James Cook and Kenneth F. 
Baker. 

American Phytopathological Society: 
1983. Pp.539. $43. 








BIOLOGICAL control of plant diseases has 
generated much interest in recent years, in 
large part because of the efforts of a few 
workers such as James Cook and Kenneth 
Baker. The achievements up to 1974 were 
summarized and discussed in their earlier 
book, Biological Control of Plant Patho- 


gens; this new work is a companion volume 
rather than a replacement, special 
attention being given to developments in 


the past decade. The book is impressive: 
quite simply, there has never been a better 
exposition of the ‘‘ecological’’ approach to 
plant disease control. The authors draw 
upon their first-hand experience and wide 
knowledge, and the result is an author- 
itative and highly readable account of the 
subject. It should be welcomed by both 


specialists and university students in the | 


plant sciences. 

The title, however, is surely misleading. 
In the view of many people, biological 
control is brought about by a third party 
(i.e. not by the host or the pathogen), either 
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applied directly or promoted by manipu- 
lating other factors. Instead, the authors 
have defined biological control so broadly 
that it leads to near-absurdities, for 
example when we are told (p.391) that the 
growing of genetically different crop cul- 
tivars in neighbouring areas is a form of 
biological control because it restricts the 
spread of pathogen races specific to any 
one cultivar. Further (p.407), the use of 
lime and inorganic fertilizers are said to be 
ways to achieve biological control if they 
affect plant resistance. The term then loses 
all useful meaning. 

Semantics apart, this book is actually 
about disease management by 
manipulating the host, pathogen or 
environment (including microorganisms) 
to achieve what the authors term “‘sus- 
tainable agriculture’’. As such, it is timely 
and thought-provoking, though it could 
usefully have included chemical control 
methods, because a sustainable agriculture 
must harness, rationally, all available 
resources for plant protection. Let us hope 
that plant pathologists will follow the ento- 
mologists’ lead in this respect. 

Returning to biological control in a 
restricted sense, there are several successful 
techniques that are applied widely in com- 
mercial practice. But all too many of the 
‘“successes’’ discussed in this book have 
never reached the stage of exploitation, 
and the authors could have been more 
critical in this respect. For example, their 
earlier book cited astounding benefits 
when Bacillus subtilis was applied to seeds 
of crops in Australia: in field trials, carrot 
yields were increased by 48% and oat yields 
by 40%, even when the untreated crops 
showed no obvious disease symptoms. 
Baker was associated with this work, so 
now we could expect to learn of further 
developments. Instead, the earlier reports 
are merely repeated. Why aren’t Australian 
growers using B.subtilis and getting huge 


yield increases? Was the work abandoned | 


or were subsequent trials inconclusive? In 
order to justify its title, the book should 
have addressed such questions. And why 
cite yet more ‘‘successes’’ in the use of seed- 
applied microbes to control damping-off 


diseases? We knew this in the 1950s and © 
there have been regular reports ever since, 


but the method has not been adopted com- 
mercially because we have cheap, 
dependable and reasonably safe fungicides 
that give the necessary short-term 
protection to seedlings. 

In short, biological control will achieve 
more converts if it is seen to be approached 
with realism and less of an evangelical 
spirit. But this is a relatively minor point. 
Cook and Baker’s new book will encourage 
and assist workers in this field, while 
helping to ensure that the momentum of 
work on biological controlis sustained. ( 





J.W. Deacon is a Lecturer in Microbiology at 
the University of Edinburgh, currently working 
at the Citrus and Subtropical Fruit Research 
Institute, Nelspruit, South Africa. 
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Clearly intermediate 
mechanics 
J.W. Humberston 









Theoretical Mechanics. 
By E. Neal Moore. 
Wiley: 1983. Pp.456. 
£28.10, $37.90. 





THERE are already so many books on 
classical mechanics, that one might well 
question the need for yet another — the 
field is not growing in the sense that funda- 
mentally new material is continually being 
added to it. Theoretical Mechanics 
deserves attention, however, because the 
style of presentation and the philosophy 
behind it are somewhat unusual. 

The book is designed for students who 
are already familiar with the subject matter: 
covered in the usual undergraduate course © 
in basic mechanics and who wish to have an 
introduction to more advanced topics such 
as Hamiltonian and Lagrangian 
mechanics, variational methods and 
canonical transformations. The author 
believes that an initial understanding of 
these topics is more likely to be acquired by 
practice in solving problems than by 
studying the formal structure of the 
subject. Accordingly, he has provided 
numerous worked examples and sets of 
problems at the end of each chapter. 

The book begins with a brief review of 
basic Newtonian mechanics, and, in 
addition to the topics already mentioned, 
contains chapters on central force motion, 
rotations, oscillations and stability, and a 
brief introduction to the special and 
general theories of relativity. Several of 
these topics are treated in more elementary“ 
books on mechanics, but the presentation 
here is usually more advanced; for 
example, the Runge — Lenz vector is intro- 
duced in the discussion of the motion of a 
particle under an inverse square law of 
force. 

Eighty pages are devoted to several 
mathematical appendices, some of which 
are rather inappropriate in a book at this 
level. So while the appendices on tensors 
and group theory are useful, it hardly 
seems necessary to give the elementary 
properties of vector operations, determin- 





| ants and matrices. Finally, there is a quite 


comprehensive bibliography and a list of 
references to articles on mechanics 
published in the American Journal of 
Physics. 

The book is well produced, contains very 
few typographical errors and is written ina._ 
pleasantly informal style. But, as the 
author himself admits in the preface, 
rigour is often sacrificed in the interests of 
clarity. a 





J.W. Humberston is a Lecturer in the 
Department of Physics and Astronomy at 
University College London. 
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NEW! Manual DNA 


Synthesis Kit 


k © Easy-to-use 
+ High speed chemistry 
e Makes up to four 
20-mers 
Inexpensive 


The Biosearch Kit utilizes a 
modified phosphate-triester 
synthesis method that 
features 20 minute cycle 
times and excellent reagent 
stability! Short cycle times 
make this kit less tiring to 


use than other kits and Catalog number: NU-6092 


enables the user to make 


more than one oligomer in a day. The kit contains a 
supply of reagents sufficient to synthesize four 20-mers, 
a complete set of instructions, a description of the 
chemistry, and purification and characterization 


techniques. 
_ pena 

Telex: 703077. BIOSEARCH 
-Circle No. = on n Reader S Service Card. 





@ Specific or mixed sequence probes 


@ Gene design and synthesis Telephone (0753) 36162 
& Contact Dr Tim Leeney 


2980 Kerner Blvd., San Rafael, California 94901 
5e (415) 459-3907 Outside California: 800-227-2624 


Probe A 3’-T TGGTCATGCTACTC_5' 

Probe B 3-TTGGTCATGCEACTC-8 

Chymosin A 5’- AACCAGTACGATGAGTTT-3’ 
3'-T TGGTCATGCTACTCAAA-S’ 


ChymosinB 5'- AACCAGTACGETGAGTTT-3' 
3'-T TGGTCATGCCACTCAAA-5' 


The illustration shows nitrocellulose colony hybridisations 
of bacterial colonies containing plasmids with inserts. 
coding for chymosin B. These have been probed with 
oligonucleotides specific for chymosin A on the left and 
chymosin B on the right. These oligonucleotides differ by 


only a single base. 
Harris, TLR. et al (1982) Nuci, Acids Res. 10 2177-2187 
Wallace, B. et al (1981) Nucl. Acids Res. 9 879-094 


Custom synthesis of oligonucleotides and genes CELLTECH LIMITED 
244 Bath Road 
Slough SL1 4DY Berks UK 





‘Telex 848473 (Celtec G) _ 





Omnifit now offer lawe cost beanie kits for 
bench use in 3 versions. 


3600 Single Column 
3601 Dual Column 
3603 4 Column 
Omunifit Ltd 

51 Norfolk Street 
Cambridge 
CB12LE 

(0223) 69841 

Telex 817135 
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Peptides and oligonucleotides 


The field of commercial synthesis and sequencing of peptides and 


oligonucleotides is booming. 


@ Biobrene and Bioglobin, manufactured 
in the United States by Applied 
Biosystems, are available in the United 
Kingdom through Biotech Instruments. 
Biobrene is a specially purified form of 
polybrene which is widely used in micro- 
sequencing of proteins and peptides. 
Biobrene has been especially purified to 
minimize interference during sequencing. 
This is important in the interpretation of 
HPLC chromatograms, particularly in the 
_ micro-sequencing of small amounts of pro- 
Tyrie. Bioglobin is sperm whale myoglobin 
purified specifically for use as reference 
compound in protein sequencing work. 
Applied Biosystems can also perform 
custom synthesis of peptides up to 25 
amino acids in length. 
Circle No. 100 on Reader Service Card. 
@ New from Cruachem Inc. of Oregon is 
a low-cost semi-automated DNA syn- 
thesizer. In the new instrument, wash and 
deprotection cycles are handled automati- 
cally so that the only manual operation re- 
quired during the synthesis is the injection 
of monomers in the appropriate order at 
the start of each cycle. Using this instru- 
ment, an operator can produce up to two 
16-mers in an eight hour day while being 
present for a total of only 30 minutes. The 
use of Cruachem ‘‘One-Shot”’ packs, pre- 
dried and pre-weighed monomers, adds 
Mplicity while guaranteeing fresh 
reagents every cycle. 
Circle No.101 on Reader Service Card. 
@ The Industrial Microbiology division of 
Celltech operates a custom synthesis ser- 
vice for oligonucleotides. A new price list 
has just been published and copies are 
available either through Nature’s Reader 
Enquiry Service or direct from Celltech. 
Circle No.102 on Reader Service Card. 


The ‘‘Gene Machine” from Bio-Rad 


@ Bio-Rad’s ‘‘Gene Machine’”’ is anew ap- 
proach to preparative gel electrophoresis 
for recovering nucleic acids from agarose 
gels. The Gene Machine, using a circular 
gel format, can electrophorese large sam- 
ple volumes into concentric bands which 
are then discontinuously eluted from a cir- 
cular collection chamber in the centre of 
the electrophoresis cell. The operator need 
only cast the gel and add buffer and sam- 
ple. The control unit will automatically cy- 
cle electrophoresis, elution, and sample 
collection. Upto 10mg of DNA or 50 mg of 
RNA can be fractionated in 24 to 48 hours. 
Greater than 80% recoveries can be obtain- 
ed with DNA fragments ranging in 
molecular weight from 0.1 to 16 x 10°. 
Circle No. 103 on Reader Service Card. 

@ A range of functionalized controlled- 
pore glass support materials for oligo- 
nucleotide synthesis is available from 
Cruachem. The materials have proved suc- 
cessful in rapid oligonucleotide synthesis 
by the phosphotriester method. The 
controlled-pore glass supports offer high 
flow rates and good dimensional stability 
in continuous-flow systems. Several op- 
tions of nucleotide loading and linker type 
are Offered, and residual silanol func- 
tionality has been blocked by silylation 
before derivatization. 

Circle No. 104 on Reader Service Card. 

@ Custom DNA and peptide synthesis is 
now available from Biosearch Inc. of San 
Rafael, California. Further ‘‘custom”’ ser- 
vices are custom liquid hydrogen fluoride 
cleavage and a protein deglycosylation 
service. For users’ own laboratories, 
Biosearch produces a liquid hydrogen 
fluoride cleavage apparatus and a manual 
DNA synthesis kit. 

Circle No.105 on Reader Service Card. 








Biosearch’s liquid HF cleavage apparatus. 


@ Completely purified, ready-to-use 
DNA fragments of 1.0 A „x units (or more) 
can be obtained from OCS Laboratories of 
Denton, Texas. Two-week delivery is pro- 
mised in the United States and discounts 
are available on larger orders. 

Circle No. 106 on Reader Service Card. 


ADVERTISEMENTS 


Microelectrode pullers 


horizontal and Livingstone type. Both 
spring operated. Designed to pull fine-tip 
microelectrodes from single barrelled glass 
tubes. 


Microperfusion pump 
Range of pump rate 0-40 and 0-80 nl/min. 
respectively (1 nl = 1.109 1). Perfusion 
capillary made of glass, tip diameter appr. 
10 um. 

Bachofer GmbH P.O. Box 7089 
D-7410 Reutlingen W-Germany 


Transfer of DNA/RNA to 
solid supports Southern/ 
Northern Blots and Filter 

Hybridization 


Exactly temperature controlled rotisserie 
oven gives important advantages as against 
bag: 2.4-3 ml hybrid solution. Lower hybrid back- 
ground. Higher intensity of bands. Multiple hybrid 
possible. Uniform distribution of hybrid solution. 


Bachofer GmbH P.O. Box 7089 
D-7410 Reutlingen W-Germany 
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Page 
after page 
on 


Master 
polyacrylamide 
gel electrophoresis. 


You don't need to be a polymer 
chemist to master polyacrylamide 
gel electrophoresis (PAGE). At least 
not if you have Bio-Rad’s new Tech- 
nical Bulletin 1156, ‘‘Acrylamide 
Polymerization—A Practical Ap- 
proach." It includes page after 
page of useful information on such 
topics as ° critical parameters * poly- 
merization protocols - polymer- 
ization analysis + handling of ge! 
reagents. Also a section on trouble- 
shooting! With this document to 
help, the novice can master PAGE 
and the experienced user can opti- 
mize separations 
even further. 

For your 
free copy, 
contact: 


Bio-Rad Laboratories - 
Chemical Division 
2200 Wright Avenue 
Richmond, CA 94804 
(415) 234-4130 


PRODUCT REVIEW 


@ The Applied Biosystems Model 430A 
peptide synthesizer is designed for fully 
automated peptide synthesis. The Model 
430A features a novel pre-activation 
system which converts each amino acid toa 
very efficient reacting species immediately 
before each coupling step. The synthesizer 
has a defined protocol optimized for each 
amino acid and can also be fully program- 
med by the user for straightforward adap- 
tation to other chemistries. This combina- 
tion of a pre-activation system and flexible 
programming allows experienced peptide 
chemists to easily implement a variety of 
automated chemistry modifications and 
synthesis alternatives. 

Circle No. 107 on Reader Service Card. 

@ The new Bachem UK office, in Saffron 
Walden, Essex, is able to provide a con- 
fidential custom synthesis service for pep- 
tides, carried out by the company’s staff in 
the United States. The company offers a 
free analysis service to confirm the purity 
of products. Analysis is carried out using 
high-pressure liquid chromatography, fast 
atom bombardment mass spectrometry, 
and nuclear magnetic resonance techni- 
ques. In addition, Bachem has recently 
developed a range of products for 
oligonucleotide synthesis, including a low- 
cost DNA synethesizer, and also offers 
oligonucleotide custom synthesis. 

Circle No. 108 on Reader Service Card. 

© The CRB Pepsynthesizer is the first pep- 
tide synthesizer incorporating the simplici- 
ty and high efficiency of the Fmoc- 
polyamide solid phase method with the 
speed, economy and ease of operation of a 
continuous flow system. This low cost, 
bench top instrument uses a simple, rapid 
procedure producing projects of high puri- 
ty and yield. Use of the Fmoc-Polyamide 
method avoids the repetitive and vigorous 
acid treatments required in conventional 
synthesis and considerably reduces the ac- 
cumulation of byproducts. 

Circle No. 109 on Reader Service Card. 


The Applied Biosystems 430A peptide synthesizer 
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@ System 990 is the latest peptide synthe- 
sizer from Beckman Instruments, Inc.. A 
new brochure is now available covering the 
solid phase synthesis technique and the 
various metholologies that can be accom- 
modated. It also describes the new integral 
microprocessor controller with cassette 
loader. For a copy of the new brochure 
(Bulletin SB-387C) contact the Spinco 
Division of Beckman Instruments or use 
Nature’s Reader Service Card. 

Circle No.110 on Reader Service Card. 

@ Cruachem has developed a new micro- 
computer controlled DNA synthesis 
module which automates solvent and 
reagent delivery in chemical synthesis of 
oligonucleotides. The new system achieves 
maximum flexibility, and allows use of 


both phosphotriester and phosphorami=*” 


dite synthetic protocols. Control software 
is available for the Apple II-plus Apple I-E 
and Apple II-C microcomputers, and for a 
BBC Model B microcomputer. 

Circle No.111 on Reader Service Card. 

è Two new DNA sequencing systems 
from American Bionuclear are designed to 
provide ‘‘no-problem’’ electrophoresis. 
The SQU-1000 (20 cm width) and the 
SQU-2000 (33 cm width) are fully adjust- 
able to provide the flexibility of running se- 
quencing gels from 20 cm to 1 m in length. 
A wide range of accessories is available, in- 
cluding sawtooth and standard combs, 
aluminium cooling plates, spacer sets from 
0.2 to 0.5 mm in thickness, and glass plates 
from 20 to 100 cm in height. The EPS-4000 
power supply is capable of running two 
DNA sequencing gels simultaneously. Also 
from American Bionuclear, the EPS-4000 
provides 200-watts at up to 4,000V. 
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More for your money 
from 


NEW ENGLAND 


Now available - Larger quantities 
for the same price 


ORDER TODAY — IN YOUR LAB TOMORROW 


STOP PRESS 
1984 Catalogue update. 


33 new products now released 


400u New 2,000u 
200u quantity 10 000u 


200u New 1,000u 
1,000u quantity 5,000u 


25u New 100u 
125u quantity 500u 


217 Hha! 30u New 1,000u 
Methylase 150u quantity 5 000u 


Ask for your copy today 


CP Laboratories Ltd 
PO Box 22, Bishop’s Stortford, Herts. 
Phone (0279) 56081 
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Protected nucleosides and 
nucleotides for the synthe- 
sis of oligodeoxynucleotides 
according to the phospho- 
triester method and the 
phosphite triester method 


~ §'-OH protected 
nucleosides 

~ 3'-OH protected 
nucleosides 

— 3'-phosphate and 5’-OH 
protected nucleotides 

— 3’-phosphate duplex 
protected nucleotides 

~ Fully protected phos- 
phoamidites (morpholido) 
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carrier bound protected 
nucleosides as starter fo 
solid phase synthesis. 


Chromatographically aie | 
and subject to application 
tests 


Special reagents for coupling, 
condensation and selectively 
splitting off protective groups 


Please ask for our detailed in- 
formation 


EAA a oy 
Reagents 


E. Merck, Frankfurter Strasse 250, D-6100 Darmstadt 1 


Federal Republic of Germany 





reliable partner for the scientific world 
offers you : 


Broad range of biologically active peptides 
and corresponding antisera 


Large experience in custom synthesis of peptides 
Complete line of hormones and corresponding antisera 
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' SNOW -THE PHYSIC 


A GENERATION THAT CHANGED THE WORLD 


‘A understand the complexities of a E 
_and terrible Daily Express 











E ‘compulsive reading . . . Spectator 





| C P Snow's last book takes the layman into the remote world of 

Mm top-level science. From the ‘Golden Age’ of physics before World War Il 

E to the splitting of Uranium 235, the Manhattan project and, finally, 

Hiroshima, he brings to life the personalities and politics behind some 

Mm of the cataclysmic events of this century. Brilliant and informed text 
-illustrated with contemporary photographs throughout. 

£8.95 192pp HARDCOVER 


p” 
ORDER FORM 
To: Dept DI, Macmillan London, 4 Little Essex Street, London WC2R 3LF 


Please send me n copy /ies of C P SNOW ~ THE PHYSICISTS at £8.95 
(post and packing free) 








payable to Macmillan London 








| I enclose cheque, P.O. for £ j 
l Name | 
i Address l 
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UNIVERSITY OF OXFORD 


DEPARTMENT OF BIOCHEMISTRY 
MRC IMMUNOCHEMISTRY 
UNIT 


RESEARCH ASSISTANT -1B 


(ref: B/R/107) 
Applications for this 3 year appoint- 
ment are invited from graduates in 
biochemistry, or molecular biology, 
to work on the primary structures of 
complement receptors and related 
proteins. 


ary on the scale £6,745 — 
30 pa depending on age, experi- 
ence and qualifications. 


Applications including curriculum 
vitae and the names and addresses of 
two referees, should be sent to: The 
Administrator, Department of Bio- 
chemistry, South Parks Road, 
Oxford, OX1 3QU not later than July 
20th, 1984. (2936)A 








-~ AGRICULTURAL AND 
FOOD RESEARCH COUNCIL 
~ INSTITUTE OF 
ANIMAL PHYSIOLOGY 
Babraham, Cambridge, CB2 4AT 


SCIENTIFIC OFFICER 
Required in the Immunology Depart- 
Hant to work with Dr Bruce Roser on 
the regulation of the immune 
response to transplantation antigens. 
The work will involve some minor 
small animal surgery, cell transfer, 
cell separation and identification 
techniques (including fluorescent an- 
tibody methods and FACS 420 






analysis), and in vitro techniques in- 


cluding monoclonal antibody 
production and screening. 


Previous experience should 
preferably include at least one of 
these techniques. Applicants should 
have a degree, or equivalent, in 
immunology, physiology, 
biochemistry or cell biology. Salary 
scale (under review): £5,682 x 6 in- 
crements to £7,765. This post is sup- 
ported by a five year grant from the 
MRC, and will subsist whilst funds 
are available. In accordance with the 
provisions of the Employment Pro- 
tection (Consolidation) Act 1978, 
staff on short-term appointments are 
required to waive any statutory right 
to redundancy payments, or to make 
claus of unfair dismissal in respect 
of termination of appointment on the 
due date. 

. For an application form, please 
“write to the Institute Secretary, 
quoting Ref: BR5, by 2 July 1984. 
~The AFRC and the grant-aided in- 
_Stitutes of the AFRS are Equal Op- 
portunities Employers. (2958)A 


ROCKEFELLER 
UNIVERSITY 


CELL BIOLOGIST 


CENTER FOR BIOMEDICAL 
RESEARCH 


Wanted to perform independent | 


research as part of a group of 


biochemists, molecular biologists, | 
and cell biologists interested in the | 
general area of hormone action and | 


male reproduction. Tissue culture 


experience and 2 to 4 years of | 
postdoctoral training preferred. | 
Excellent support available, MD, | 
DVM, PhD, or equivalent post- | 


doctoral degree. 


Salary will depend on 
qualifications and experience. Send 
résumés to: Dr Wayne Bardin, The 
Population Council, Center for 
Biomedical Research, Tower 
Building, 1230 York Avenue, New 
York, New York 10021. An Equal 
Opportunity Employer. 

(NW622)A 








LOTHIAN HEALTH BOARD 
TEMPORARY PART-TIME 
BASIC GRADE 
CYTOGENETICIST 
(24 hours per week) based at the 


Cytogenetics Laboratory, Depart- | 


ment of Pathology, Royal Hospital 


for Sick Children, Edinburgh | 
required immediately until 20th. 


January, 1985 during the absence of a 
member of staff on maternity leave. 


Experience in human genetics is | 


essential, 


Further information from Miss P 


M Ellis, Cytogenetics Laboratory, 
Royal Hospital for Sick Children, 
Edinburgh, telephone 031-667 1991 
ext 272. 


Typewritten applications, giving . 


particulars of age, qualifications and 
previous experience, together with 


the names and addresses of two ref- 


erees should reach the Area Per- 
sonnel Officer, 





30th June, 1984. Quote M/83, (2979)A 


| residents of Canada. 


1] Drumsheugh | 
Gardens, Edinburgh EH3 7QQ by | 





YORK UNIVERSITY 
DEPARTMENT OF BIOLOGY 
Applications are invited for = 

RESEARCH ASSOCIATE oe 
AND SEER 
TECHNICIAN POSITIONS. __ 
Projects centre on the mechanisms of _ 
DNA repair and mutagenesis and in- 
volve the cloning and sequencing of. 
mutant bacterial and mammalian — 
genes. Interests also include how — 
mutations alter gene expression and 
molecular evolution. In accordanc 
with Canadian immigration require 
ments, priority will be given te 
Canadian citizens and permanen 













Applications are also invited for ee 
post-doctoral appointments for upto ` 


three years following graduation, = 


Letters of application including 
curriculum vitae and three letters oi 


reference should be sent to Dr BW 


Glickman, Biology Departmer 








We have a vacancy in the Veterinary Clinical Unit of our Safety of Medicines Departmentfor = J” 
a research orientated Veterinary Graduate. The unit is involved in the clinical monitoring and. 
interpretation of the results obtained during the safety evaluation of novel pharmaceutically — 


active compounds. 


This position provides an interesting and challenging opportunity to become involved in the 
development of specialised techniques in ophthalmology and electrophysiology and you 
would be encouraged to play an active part in directly relevant clinical research. The unit 
includes veterinary and science graduates who liaise with staff in a variety of disciplines, 
including toxicology and pathology, in the design of studies. 


Previous experience in practice or research work would be an advantage although full 
training will be provided and more recently qualified graduates are encouraged to apply. 


in return we can offer you a very competitive salary package together with excellent 
technical facilities and modern working conditions. Retocation assistance will be provided if 


appropriate. 


The Division's research laboratories are situated in pleasant parkland surroundings in rural 
Cheshire yet within easy reach of main road and rail routes. 


if you are interested in using your clinical skills in a stimulating and successful environment 
please reply including a detailed cv. to: 





Mr FR Yates (ICP 860), 

Personnel Officer, 

ICi Pharmaceuticals Division, 
Mereside, Alderley Park, 
Macclesfield, Cheshire. SK10 4TG. 


(2984)A 









DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH 


Director 
N.Z. GEOLOGICAL SURVEY 
N.Z. Geological Survey, with a staff of 143 including 87 
scientists, is a Division of DSIR based at Lower Hutt, 15 km 
from Wellington, and with District and Project Offices at both 
the North and South Islands. Its activities range from 
mapping, through paleontology and petrology to petroleum, 
coal, engineering geology and earth deformation studies. It 
collaborates closely with other DSIR Divisions, eg. 
Geophysics Division and is linked to the DSIR computer 
network. 
Applications are invited from geologists with sound 
_. research experience and recent, relevant administrative 
| experience — preferably in a scientific institutuion. 
|... Salary: A salary of between NZ$40,059 and $51,601 pa is 
Offered depending on qualifications and experience. 
- {Application instructions below). 


Director 

| GEOPHYSICS DIVISION 

= The Division has wide geophysical interests throughout New 
ealand and the S.W. Pacific, particularly those stemming 
| from the boundary between the Indian and Pacific plates (eg. 
F Seismicity, volcanism and earth deformation). It also carries 
-out marine surveys and exploration directed towards 

- assessment of economic resources (eg, geothermal energy, 
| coal, water). The division has a staff of 76 of which half are 

- professional scientists. The headquarters are in Wellington 

- with sub-stations at Lower Hutt and Wairakei and the division 
is also concerned with geophysical observations at Apia 

_ Observatory (Western Samoa) and in Antarctica. 

: Applications are invited from scientists with relevant 

research experience and preferably possessing administrative 

- experience in a scientific area. 

i Salary: A salary of between NZ$37,896 and $49,141 pa is 
` offered depending on qualifications and experience. 


3 Applications forms etc. are available from the 
` Immigration Department, New Zealand High 

= Commission, New Zealand House, Haymarket, London 
_ SWtY 4TQ. 


a, | r : Applicants should quote Vacancy No. 3309 Imm 2/335/55 
- for Geological Survey position and Vacancy No. 3310 Imm 
 2/335/56 for Geophysics position. 
Closing date for applications: 2nd August, 1984. 
— (WI1074)A 










: Exciting research opportunity in West Germany; Partake i in| | 


-studies on intracellular metabolism and ion movements in 
organelles and intact cells 


ideal candidate must have a PhD {junior faculty} and should have 


-experience in high resolution NMR technology @'P, 23Na) and its 
application to complex biological systems. A Bruker multinuclear NMR 
instrument (AM 400 widebore) is expected to be intstalled by the end of 
June. 1984. In addition to the researcher's salary, this federally funded 

-position includes. salary for one technician, start-up funds and an 








ng date: August, 1984. 


rtmund 1, West-Germany. 
(W1047)A 





p priate supply budget. The research laboratories are part of the Max- | | 
anck-Institut. fuer Systemphysiologie in Dortmund, West Germany. | | 


lease. send CV and references to Dr. Rolf Kinne, Director, Max- | 
‘k-Institut fuer Systemphysiologie, Rheinlanddamm 201, 4600 | 
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THE UNIVERSITY OF CAMBRIDGE” 
THE BIOTECHNOLOGY CENTRE 
The Biotechnology Centre at Cambridge has been estab 
to foster closer links with industry, to achieve a tw 
technology transfer and to train high quality graduates fror 
both the physical and biological sciences. The Biotechnology 
Centre is engaged in a vigorous and innovative programme of 
fundamental and applied research in several areas including © 
downstream processing, biosensors and bioelectronics and 
immobilised biocatalysts. In support of this strategy, the Centre 
expects shortly to be in a position to make the following 
appointments to develop new downstream processing 
technologies for the purification of the blood coagulation factor 

VIH to therapeutic quality. 


Postdoctoral Research 
Associate 
Graduate Research 
Assistant 


The projects entail the development of simplified assay systems f 
for factor Villand the synthesis of novel affinity ligands and their. $ 

exploitation in solid and ewe phase affinity process K- 
technologies for the large scale purification of human factor 
Vill. The posts are part of a 5 year programme of joint research 
with the Biood Products Laboratory, Elstree. Applicants should 






Deuas 


ished f 








ideally have some experience in blood or protein fractionation E 


although some training in clotting factor assays will be available § 
at BPL. : 
Initial salaries will be £7,190 — £8,530 p.a. for the postdoctoral f- 
research associate and £5,880 p.a. for the graduate research — 
assistant with annual increments according to National Scales 
1A and 1B respectively. 

Potential applicants should send a curriculum vitae 
detailing relevant experience and the names and 
addresses of two referees to Dr C R Lowe, The f 
Biotechnology Centre, Downing Street, Cambridge CB2 | 
3EF, UK by July 6th, 1984. Previous applicants need not _ 
apply. (2960) 4 











NATIONAL INSTITUTE FOR HIGHER EF DUCA 


Ai y i BS 
ATIO LAD LIN 


Applications are invited for a:- 


LECTURESHIP IN CHEMICAL SCIENCES 
The School of Chemical Sciences is centrally involved in the 
BSc degree course in Analytical Science, in addition to 
servicing other courses, and possesses a comprehensive 
range of modern analytical instrumentation. The appointed 
candidate will become invoived in the implementation and 
further development of teaching programmes and will be 
expected to initiate and develop programmes of research and 
to become involved in expanding links with industry. 
Applicants should have interests in one or more of the 
following areas: 
Analytical Science (instrumental aspects, inorganic analysis, 
separations science), E 
Applied Chemistry (areas of applied inorganic, organic o 
physical chemistry). ae 
Applicants should be well-qualified academically with 
appropriate research, teaching or industrial experience. 
Salary Scale: Lecturer IR£13,797 -IRL1B,.807 
Assistant Lecturer IR€10,727 -IRE13.218 


Application forms, and further details, are available from the q| - 
Personnel. Office, National institute for Higher. Education, Di- 


Glasnevin, Dublin 9, ireland. Closing date: „S August 3 1984. | 8 k 
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"UNIVERSITY OF 
EAST ANGLIA 
Norwich 
SENIOR 
RESEARCH 





Te subsidiary of Elf Aquitaine and Sanofi 


recherches 





P TA HEAD PROTEIN 


year appointment in the Climatic 


Research Unit to work on a pro- T m po a a pg 
ject investigating climatic change JI Leif Awe kT 
over the past century. The | LALL i EAL L* 


successful candidate will have 





considerano computing. aperi | Toulouse Labege Centre — Elf Bio scientists and technicians, The success- 
meterology and/or climatology | | | Recherches, a specialistin biotech- ful applicant will have been trained to 
A doctorate in an appropriate | nology based at Toulouse Labege, its a high level in biochemistry and chem- 
discipine, a capability for] new research centre, is strengthening ical engineering (PhD or equivalent) 
HAER Pirate Br a its research teams, and is recruiting its and willbe able to prove several years 
are required. The salary will be on | head of protein purification pilot plant. of experience in pre-industrial and/or 
the aoe ah 190 to a ,615 per A Peale isha reed ie Seer - 4 industrial purification, i 
annum {under review | ransterring ory protocols anda For this position, please write t to ME 
ae a aan ranan developing pre-industrial purification N 





Applications should be sent, systems in order to obtain products 1 bis, allées Jean Jaurès — 
Parar by Aroue am to for pharmaceutical use. He willbe 31000 TOULOUSE — FRANCE 
the Director, matic ible for a team of research 
f-pResearch Unit, University of onerous tel: 010 38 (61) 63.70.68. 

East Anglia, Norwich, NR4 

= 7TJ, from whom further par- 

` ticulars of the appointment 
are available. (2962)A 





eee _ RESEARCH POSTSIN _ 
UNIVERSITY IRLING me 1%. | 
CHAIR I PSYCHOLOGY Medicinal Chemistr) 
wiaby aaliea pos || Gellular Electrophy sio lo 


Poca and related Aih 


without any restriction on the appli- N im 
cant’s field of interest. Salary within euro muno (0) 
the professorial range. N h lc he 

_ Further particulars are available europ armaco. ogy 
from the Secretary, University of 

Stirling, Stirling FK9 4LA; Tel: 0786 



















73171, Ext 2250, to whom applica- Applications are invited for positions at Senior Cellular Electrophysiology | 
o should be sent by 30 Wag Scientist level, tenable from 1 January 1985. This post will require a applicati pai electro- 
A Th titut used -equi physiological methods to the ysis of drug 
Eaa ee Se : action at the cellular level. Candidates should have 
being built within the precincts of University _ Considerable experience of micro-electrode 
~ | College London, with which strong academic links recording techniques or in vitro ch clamping. 
_M.R.C. Clinical Research i K Fa ay The scientific staff willbe builtupto preferably with experience of payee g: 
Centre 2 by 1987 os 
(Northwick Park Hospital) N euroimmunology 
atford The Institute will embark on a programme of basic nt i o O oua 
Harrow, Middlesex HA1 3UJ. research in neurobiology, concentrating initially elame orto a ue ofneurones i in | 
Technician in Electron | on mechanisms involved in nociception, with the culture and in situ, asa means of investigating ss | 
Microscopy long-term aim of developing new compounds of ‘neuropeptides surface antigens and receptors... | 
A vacancy exists for a Technician potential therapeutic value. Initially there will be Previous experience in this area is less important. 
to work in the well equipped six laboratory groups (Medicinal Chemis than a strong background in biochemistry, cell - 
section of Electron Microscopy at Biochemistry, Neuropharmacology, Cell Biology biology and immunology, and an innovative 
the Clinical Research Centre. the and Cell Culture, Immunology, Cellular approach to research. 
successful applicant will be a yeeraranel which will collaborate ona a a Oe es nar 
required to work on a variety of || | range of individual projects. a? a Ranranh a a | 
research projects, particularly l Neuropharmacology 
involvin ne application of Applicants for these positions should be 28-35 Expertise in electrophysiological recording 
n i fa ue ling i eani : reeds years old, with at least two years’ post-doctoral methods in vivo and in vitro is required. The work 
À k beddin a A hode an d experience. The research programme of the will involve studying the effects of drugs on activity 
immunogold labelling. Previous Institute will be interdisciplinary in its approach, in specific sensory pathways in the peripheral and 
experience is required and the and an ability to contribute original ideas and to central nervous system. 
ability to carry out the general collaborate effectively are particularly important. 
care of Philips 300 Microscopes Salary negotiable around £15,000 p.a. according 
would be an advantage. to experience and assistance with relocation costs. 
Minimum qualifications are an available if relevant. 


HNC or science degree in an || Medicinal Chemistry 
For this position a i knowledge of 


Applications by 16 July 1984, including c.v. and. 
names oftwo referees, to Professor H.P. Rang, 

FRS, Director, Sandoz Institute for Medical 
Research, Department of Pharmacoloc ae are 
University College London, Gower Street, E ie 


“@Bpropriate subject with a S37 
| within the range £6,114-£8,37 
een on age and experi- synthetic organic chemistry andan 

Application forms and further enthusiasm for active collaboration with 


biologists in the design and testing of. 
kl ie Yes r nee SY i new compounds are essential. Experience of London WCIE 6BT (Tel: 01-388 5314), 
| Personnel Section, Quoting working in the pharmaceutical a from whom further information can. 














i ref 112/2 /4133. ae | would be an advantage. be obtained. 


z 3th J 1984. ect er 7 
o ina 13t me) 4 -n = aui S AN D OZ 


cs 





| a Department of Veterinary Pathology, University 
i of Edinburgh and the Moredun Research 
Institute, Gilmerton Road, Edinburgh. 


_ Applications are invited for the following appointments to an A.F.R.C. 
- Linked Research Group between the Departments of Veterinary 
Pathology, University of Edinburgh and the Moredun Research 
institute, Animal Diseases Research Association, Edinburgh. The 
appointments are for five years. 


The research programme is concerned with fundamental studies of the 
sheep immune system in relation to disease mdoeis of persistent viral 
infections of sheep. The posts are located within the University 
Department but there will be frequent interaetion with the Institute as 
dictated by the research programme. The appointees will work with 
experienced research workers in immunology and virology. 


Appointments: 


Research Fellow 1A — Postdoctoral cellular immunologist for studies 
on the in vitro analysis of lymphocyte and accessory cell function and 
immune regulation in vive within lymphoid tissue (Ref. LRG31/ 1). 
Salary £8,080 — £9,875, 
Research Fellow 1A — Postdoctoral imrnunochemist/ biochemist for 
biochemical characterisation of lymphocytes and accessory cell 
membrane glycoproteins, biochemical aspects of antigen presentation 
using viral polypeptides (Ref. LRG31/2). Salary £8,080 — £9,875. 
Research Technician — (TG4/5) with experience in cellular 
immunology for studies on lymphoid cell function and monoclonal 
-antibody work. Salary on range £5,826 — £6,898 (under review) with 
© placement according to experience and qualifications. (Ref. LRG31/3). 
=: Research Technician — (TG4/5) with experience of biochemistry for 
_ immunochemical work on cellular and viral antigens. Salary on range 
-£5,826 — £6,898 (under review) with placement according to 
experience and qualifications. (Ref. LRG31/4). 
- Technical Assistant — (TG2) for general laboratory duties connected 
with the above research programme. Salary £4,662 — £5,151. (Ref. 
ARG31/5). 
AI appointments carry full superannuation and National Insurance 
~ benefits. | 
Applications (curriculum vitaes, 2 referees) for posts LRG31/ 1 
: and LRG31/ 2 should be sent to the Secretary to the University, 
-Old College, South Bridge, Edinburgh, from whom further 
- particulars can be obtained. Applications for posts LRG31/ 3, 4 
and 5 should be sent to the Personnel Office, 63 South Bridge, 
Edinburgh. Informal enquiries can be made to Professor I. 
McConnell, Department of Veterinary Pathology, Royal (Dick) 
School of Veterinary Studies, Summerhall, Edinburgh. Tel 
031-667 1011 ext 5322. Closing date for applications 6th pel 1984. 
TOA 
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FACULTY POSITION IN 
PHARMACOLOGY 
Applications are invited for a tenure track appointment as an Assist: 
or Associate Professor in the Department of Pharmacology at” E 
University of Tennessee Center for the Health Sciences. Applicants 3s - 
Assistant Professor should possess the Ph.D., M.D., or other doctoral 
degree, have at least 2 years of postdoctoral experience, and have de- 
meonstrated ability to conduct an independent research program which 
applies modern constructs and methods of biochemistry, molecular 
biology, immunology, or genetics, to research problems in 
Neurosciences as applied to Pharmacology. Responsibilities include 
the development of an independent research program, and 
participation in the Pharmacology Department teaching programs. 
Applicants as an Associate Professor should have 5 years of 
experience and an established externally supported research 
program. Please forward curriculum vitae, a research proposal, 
and arrange three letters of reference to be sent to Dr Murray 
Heimberg, Chairman, Department of Pharmacology, University 
of Tennessee Center for the Health Sciences, 874 Union Avenue, 
Memphis, TN 38163. Inquiries should be received prior to July 15, 
1984, for a position available immediately. UTCHS is an equal 





















opportunity! affirmative action employer. 


(NW624)A 





UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF PHYSIOLOGY + 
PHARMACOLOGY 


TEMPORARY 
LECTURESHIP IN 
PHYSIOLOGY & 
PHARMACOLOGY 


Tenable for three years from 1 
October 1984. Preference will be 
given to candidates with an interest in 
the fields of muscle physiology, 
neurobiology or membrane 
physiology. l 


Salary at appropriate point within 
range £7,190 to £8,530 per annum 
(under review), plus USS. 


Further particulars may be 
obtained from the Establishments 
Officer, The University, College 
Gate, St Andrews, Fife KY169AJ, to 
whom applications (two copies 


preferably in typescript) with the | 


names of three referees, should be 
sent to arrive not later than 16 July 


UNIVERSITY 
OF LEICESTER 
DEPARTMENT OF 
PHYSIOLOGY 
GRADUATE RESEARCH 
ASSISTANT 
Ionic Channels in Muscle 
Applications are invited for the 
above post to work with Dr N B 
Standen and Dr P R Stanfield on a3 
year project supported by the MRC 





| involving patch-clamp studies of 


skeletal muscle fibres. In addition to 
single channel recording from adult 
and cultured cells, carried out on-line 
to a computer, methods for channel 
reconstitution and their study in lipid 
bilayers will be used. The successful 
applicant will be expected to register 
for a PhD degree. Commencing | 
October, 1984, 


Salary on scale £6,310 — £7,190. 


Applications including the names 
of two referees to Dr P R Stanfield 
Department of Physiolog 















: University of Leicester, Leicester 
oe iii (2968)A | EEI 7RH, who will be pleased Y 
MAITRE DE CONFERENCE/ASSOCIATE PROFESSOR OF | supply further information. Closing 
‘ ANIMAL PHYSIOLOGY, UNIVERSITE DE PAU — FRANCE date, Monday 16 July, 1984. (2930)A 
7 ne degree in bution or g e physiology, raguirea, Puis teaching | eeaeee 
n French language of undergraduate general biology students; activ l 
participation in experimental acaicay pa ar ralations between aune i HN KING’S COLLEGE LONDON 
and animals {particularly insects) in a new CNRS-University institute. LEICESTER POLYTECHNIC DEPARTMENT OF 
Ray nae ME 1 (88,560 FF) to MC3 (126,000 FF), will be on a 1-year SCHOOL OF CHEMISTRY PHARMACOLOGY 
Application including curriculum vitae should be sent before 1st PHYSICAL CHEMISTRY RESEARCH TECHNICIAN 
July 1984 to Pr. V. LABEYRIE, IBEAS, Université de Pau, Casino | LABORATORY Applications are invited for the 
Municipal, 64000 PAU, France. (W1048)A TECHNICIAN above position to assist in a project 
concerning the modification of lipo- 
Scale 4/5 Salary proteins by arterial wall cells and its 


SUNDERLAND POLYTECHNIC 


Faculty of Science 
BIOLOGY DEPARTMENT 


Research Assistant 
in Microbial Technology 
Salary scale: £4,947- £5,649 (under review) 
- Applicants should hold a first or second class honours degree in a 


Be selevant biological science. The successful candidate will be 
expected to register for a higher degree and will work with a 


research group involving staff at Sunderland and Teesside 
= Polytechnics and at Newcastle University. The project will be 
¿o concerned with developing techniques for the immobilisation of 


(2941)A 





£6,264 — £7,896. 


The postholder will be solely res- 
ponsible for the day-to-day running 
of a Physical Chemistry teaching 
laboratory. The successful applicant 
will be likely to hold an HNC or 


| equivalent qualification, have some 


experience of laboratory organisa- 
tion and be competent in the routine 
maintenance of laboratory 
equipment. He or she would be ex- 
pected to participate in the work of 
the laboratory and collaborate with 


| other members of the technical and 


academic staff. 
Further information may be ob- 


| tained from Dr C Groves on ext 2368. 


Application forms from the Per- 
sonnel Office, Leicester Polytechnic, 
PO Box 143, Leicester LE1 9BH. Tel 
(0533) 551551 Ext. 2303. (2939)A 


relationship to atherosclerosis. The 
post is for 3 years initially and is 
available immediately. It is funded by 
a Medical Research Council Grant 
awarded to Dr David S Leake. 


Qualifications: BSc, HNC, or 
equivalent in Pharmacology, Bio- 
chemistry or related discipline. 
Experience in tissue culture would be 
an advantage, but not essential as 
training will be given. ; 


Initial salary (according 46 
experience) £6,146 pa or £6,401 þa 
(incl) rising to £6,689 pa (incl) (under 
review), 5 weeks annual holiday. 
Superannuation Scheme. | 


Apply in writing, with CV 
including 2 referees, to: The 
Assistant Secretary Personnel (ref: 
249025) King’s College, Strand, - 
WC2R2LS. o BOA | 
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UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF PHARMACY 


(PHARMACEUTICAL CHEMISTRY) 
UGC “New Blood” LECTURESHIP 
IN PHYTOCHEMISTRY 


Applications are invited from candidates under 35 years of age who do 
not hold a tenured post in a UK university for a “New Blood” 
Lectureship in Phytochemistry. Candidates should hold a first degree in 
harmacy, Chemistry or relevant Biological Science and have 
completed a higher degree in some aspect of Phytochemistry. The 
successful candidate will be expected to participate in the present 
research activities of the Phytochemistry Group, to initiate novel 


research in Phytochemistry and to teach relevant chemical courses. 


leading to BSc(Hons) Pharmacy and MSc degrees, Preference will be 


given to candidates with particular interests in structural elucidation, 
quantitative analysis or biological function of natural products. 
Salary for the post will be on the Lecturer scale £7,190 — £14,125 per 


annum. USS benefit. 


Further particulars and application forms (please quote ref: 
34/84) are available from Staff Office, McCance Building, 16 
Richmond Street, Glasgow G1 1XQ. Closing date for 


applications: 12 July 1984. 


{2925)A 
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UNIVERSITY OF 
LEICESTER 
pPARTMENT OF MICROBIOLOGY 
ESEARCH TECHNICIAN 


Applications are invited for a three- 
year MRC-funded appointment to 
commence Ist August 1984. The 
successful candidate will join a 
research group working on the 
pathogenicity of polio and related 
picornaviruses 
encouraged to take an active interest 
in the scientific background of the 
project. The work will involve the 
use of a range of recombinant DNA 
and cell culture techniques. 


-~ For appropriately qualified can- 
didates the appointment will be on 
the Technician Grade 3 Scale 
(£5,151 — £6,035). 


Applications, including a curri- 
zulum vitae and the names of two 
referees should be sent to Dr J W 
Almond, Department of Micro- 
wOlogy, University of Leicester, 
Jnfversity Road, Leicester LEI 
A (2918)A 
















UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF 
MEDICAL CELL BIOLOGY 


TECHNICIAN GRADE 3 


Required immediately to assist pro- 
ject to study non-muscle cell motility. 


Work is concerned with the mole- | 


cular mechanisms of control of actin 


‘lament assembly and reorgani-. 


sation in cells. 


Candidates must possess ONC or 
ippropriate equivalent in a Biologi- 
‘al discipline plus three years relevant 
xperience. Post suitable for can- 
lidates holding degree in Biochem- 
stry or related discipline in which 
3iochemistry constituted a 
jgnificant part, 


‘available for three years. 







| ial salary within range £5,151 
— £5,439 per annum. (Under 
teview) 

Application forms may be 
»btained from The Registrar, The 
Jniversity, P O Box 147, Liverpool, 
-69 3BX. Quote Ref: RV/546/N 

f | (2937)A 


and will be. 


UNIVERSITY OF BRISTOL 


‘NEW BLOOD 
LECTURESHIP’ 


Applications are invited for the post | 


of Lecturer in Physics in the general 
area of liquid state physics with an 
interest in the interplay between sta- 
tistical mechanical theory and experi- 
ment. Experience in some aspect of 
experimental liquid state physics or 
computer simulation would be an ad- 
vantage but is not essential. The 
successful candidate will, however, 
be expected to be associated with the 
work of Professor J E Enderby or Dr 
R E Evans. Salary will be on the 
Lecturers’ salary scale (£7,190 — 
£14,125), under review. 


Further particulars should be ob- 
tained from the Registrar and Secre- 
tary, University of Bristol, Senate 
House, Bristol BS8 1TH, to whom 
applications should be sent by 6th 
July 1984, quoting reference JC. 

(2922)A 


UNIVERSITY 
OF BIRMINGHAM 
FIELD ARCHAEOLOGICAL 
UNIT 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for the) 


above post to work on a project on 


decay and detection on ar- i 


chaeological sites. 


A strong chemistry background is 


necessary and the ideal candidate 


should have a higher degree in the | 
area of soil chemistry with an interest | 


in Microbiology. 
Post is tenable for up to three years 


from } July 1984. Salary on the | 


Research Fellow 1A scale £7,190 — 
£11,615 plus superannuation. 


For further particulars phone 


021-472-1301 ext 2559, quoting | 


reference F4, | 
No formal application form. Three 


copies of application, including full} | 
curriculum vitae and naming three | 


referees to Assistant Registrar, 
(Science and Engineering), P O Box 
363, Birmingham B15 2TT by 6 July 
1984. (2948A 





CSIRO 
AUSTRALIA 


SOIL BIOLOGIST/ 


ROOT PATHOLOGIST 


$A25,342- $A31,270 

DIVISION OF SOILS 

GLEN OSMOND SA 
CSIRO conducts scientific and technological! research in 
laboratories located ugoni Australia and P about 7,500 
staff, of whom some 2,900 are professional scientists. The 
Organization's research activities are grouped into five institutes: 
Animal and Food Sciences, Biological Resources, Energy and Earth 
Resources, Industrial Technology and Physical Sciences. The 
CSIRO Division of Soils is a member of the Institute of Biological 
Resources. 
FIELD: Soil Biology/ Root Disease 
GENERAL: The Division of Soils studies the physics, chemistry and 
biology of soils and other porous media, together with the 
integrative disciplines of pedology and geomorphology. it also: 
seeks to establish principles for t 
agriculture, forestry, hydrology, en 








Townsville. 


The research associated with this position is funded b the South 
Australian State Barley and Wheat industry Research Committees 
for a period of 3 years. 

Field research by the Division of Soils indicates that Rhizoctonia 
solani is a serious pathogen of cereals and grain legumes in southern 
Australia following a change in management systems involvin 
reduced cultivation and trash retention. Before practical control o 
this disease can be achieved it will be necessary to gain a greater 


understanding of the ecology and epidemiology of this pathogen ~ ae 


under different soil and field conditions. The ultimate aim of this 
poni is to develop methods of controlling the disease in the field 
y a variety of techniques, eg. cultivation, chemical and biological 

control, weed control and the screening of resistant varieties, 
DUTIES: As a member of a team, conduct research on the effects 
of soil, tillage and rotation on root diseases of wheat on a range of 
soils with different rainfalls. The current program encompasses 
studies in the laboratory, controlled environment cabinets; glass 
house and in the field. = 4 
QUALIFICATIONS: A PhD degree or equivalent qualifications 
majoring in biological sciences or agricultural science. Relevant 
postgraduate experience is essential, together with expertise in root 
pathology and field experimentation on soil-borne root diseases. 
TENURE: A term of three years. Australian Government 
superannuation benefits are available. 
APPLICATIONS: Quoting reference No M8040, should be. 
directed to: 

The Chief _ 

CSIRO Division of Soils 

Private Bag No2 

GLEN OSMOND SA 5064 

AUSTRALIA 
By July 20, 1984. 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER ae 





QUEEN MARY COLLEGE University of London 
Research Opportunities 
in Geomaterials 


POSTDOCTORAL RESEARCH ASSISTANTSHIP: This SERC- 
funded post is to continue and further develop a major project 
concerned with the durability and performance of rock rubble mound 
breakwaters. The research involves field, laboratory and computer 
studies of armouring materials. Appointment for 2 years with initial 


salary in range {under review) £8,376 — £9,716 pa (including London F : 


Allowance}. 


SERC/ CASE RESEARCH STUDENTSHIP: This PhD Studentshipis | 
to continue researches concerned with deterioration and cracking of po 


concretes due to alkali-aggregate reactivity. The work will be carried 


out in association with consultant engineers Mott Hay and Anderson. |. 


Applications from suitably qualified graduates in geology, 
engineering geology, geochemistry or related sciences should 


apply by letter, with cv and names of 2 referees, to The Senior | cogs 
Personnel Officer, Queen Mary College, Mile End Road, London — 


E14NS, by 2July. (2978) 


e application of soil science to. $ 
ret aro ineering and conservation. The E- 
Division has laboratories in Adelaide, Brisbane, Canberra and E 














The European Molecular Biology Laboratory, 
a research institute situated in Heidelberg, West Germany, 
invites applicants for the following vacancy 





The successful candidate will join a group working in the area 
of nucleic acid and peptide synthesis and in the development 
of instrumentation in these areas. 


Applicants should possess a degree or equivalent qualification 
in chemistry and should have a strong background in organic 
chemistry. Technicians with an interest in biochemistry, mole- 
cular biology or physical organic chemistry are especially invi- 
ted to apply. The working language will be English or Ger- 
man. 


An above average salary will be offered to the successful can- 
didate. Certain allowances are payable in addition, depending 
on personal circumstances. An initial contract of 3 year’s dura- 
tion which can be renewed, will be offered. 


Please write briefly for 
an application form, 
quoting ref. N° 84/29 
to : EMBL, 
Personnel Section, 
Postfach 10.2209, 
D-6900 Heidelberg 


{W1066)A 







MRC BRAIN METABOLISM UNIT 
Edinburgh | 
Organic Chemist 


The MRC Brain Metabolism Unit invites applications from suitably 
qualified chemists for the post of Organic Chemist with special 
expertise in the synthesis of neuropeptides and appropriate analogues. 
Candidates of immediate post-doctoral or equivalent status will be 
preferred. A period {minimum 3 months) of training in the peptide 
chemistry in the laboratory of Dr R.C. Sheppard (MRC Laboratory of 
Molecular Biology) may be offered to a suitable candidate who, 
although highly competent in organic chemistry, has no special 
expertise in peptide chemistry. 
The person appointed will work in close association with the Molecular 
@ Biologists in the Unit who are interested in the mechanisms of 
= § synthesis, release and mechanism of action of neuropeptides in 
-CE - mammalian brain, The appointment will be short-term (3 years). 
-E Remumeration will be at an appropriate point on the scales for 
_ university non-clinical academic staff. 
-E Further details can be obtained from the Director, Dr G. Fink, 
< MRC Brain Metabolism Unit, Department of Pharmacology, 
..1 George Square, Edinburgh EH8 9JZ. Four copies of 
~ applications and the names and addresses of three referees to be 
= sent to Mrs A. Milligan, Administrative Officer, MRC Brain 
‘Metabolism Unit, Department of Pharmacology, 1 George 
~ Square, Edinburgh EH89JZ by Friday, July 27. (2917A 





























PLANT BREEDING INSTITUTE 
Maris Lane, Trumpington, 
Cambridge CB2 2LQ 


A Post Doctoral Fellow 
Sponsored by Ciba Geigy Corporation for a period three years, is 
required to initiate a research programme aimed at isolating 
transposable DNA elements from potato, in collaboration with 
Dr M D Bevan and Mr R E Gunn of the Institute. Emphasis will be 
placed on analysing changes in gene structure caused by 
somacional variation; practical experience in recombinant DNA 

_ techniques is essential and experience or an interest in mobile DNA 
{elements would be advantageous. 
< o Candidates should have a first or upper second class honours 
zio » degree in an appropriate biological subject with at least 2 years 
experience in biochemistry/molecular biology or related research, 
' anda PhD. 
-Appointment will be as Higher Scientific Officer (£7, 149-£9,561 pa). 
Pay award pending. Non-contributory pension scheme. 
_ Applications with curriculum vitae and names and addresses 
< of three referees should be sent to the Establishment Officer, 
quoting reference CYT/ 182, by 19 July 1984. 
_ The institute ts an Equal Opportunities Employer. 

















(2959) A 








THE ANIMAL VIRUS _ 
RESEARCH INSTITUTE 


HEAD OF 
IMMUNOLOGY AND 
PATHOLOGY 


Applications are invited for a new 
post of Head of the Division of 
Immunology and Pathology, the 
appointment to commence 
1 October, 1984. 


Candidates should have a high 
academic research record in 
molecular or cellular immunology, 
with experience, or an interest in, the 
immunology of virus infection in 
farm animals, and proven skills of 
leadership. 


The Division includes 
Departments of immunology, experi- 
mental pathology and vaccine 


| research and the successful candidate 
would also become head of the 


Immunology Department. 


Salary in scale LSTG 16,343-LSTG 
20,794 (Grade 6 previously known as 


| Senior Principal Scientific Officer). 


Sick leave and non-contributory 
superannuation schemes. 24 days 


j annual holiday. House may be 


available for suitable married 
applicant. 

Further information, and 
application forms from the 
Secretary, Animal Virus Research 
Institute, Pirbright, Woking, Surrey 
GU24 ONF. Tel: 0483-232441. 
Closing date for applications 10th 
July, 1984. (2967)A 


AGRICULTURAL AND 
FOOD RESEARCH COUNCIL 


Institute of Animal Physiology, 
Babraham, Cambridge 
CB2 4AT 


TEMPORARY 
MOLECULAR BIOLOGIST 


Applications are invited from 
molecular biologists to work on the 
regulation of the synthesis of poly- 
peptide factors and hormones 
involved in the control of animal 


growth and reproduction. Candid- | 


ates should have postdoctoral 
experience of MRNA isolation and in 
vitro translation, cDNA. synthesis 


and gene cloning in eukaryotic | 


systems. Details may be obtained 
from K D Brown or A P F Flint (Tel: 
Cambridge (0223) 832312). The 
appointment will be at Higher 
Scientific Officer (£7,149 — £9,561) 
or Senior Scientific Officer (£8,970 
— £11,476) level depending on quali- 
fications and experience and will be 
for 2 years. In accordance with the 
provisions of the Employment Pro- 
tection (Consolidation) Act 1978, 
staff on short-term appointments are 
required to waive any statutory rights 
to redundancy payments or to make 


claims of unfair dismissal, in respect | 


of termination on the due date. 
Applications should be sent to the 
Institute Secretary, AFRC Institute 
of Animal Physiology, Babraham, 
Cambridge CB2 4AT, before 9 July 
1984. 


The AFRC is an Equal Oppor- 
tunities Employer. (2927)A 
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UNIVERSITY OF LEICESTER 


DEPARTMENT OF BIOCHEMISTRY 
POST-DOCTORAL 
RESEARCH ASSOCIATE 
Applications are invited for™ post- 
doctoral position to work on the 


mechanisms of transformation of 
animal cells in culture by Rous 





| Sarcoma virus (RSV). The work will 
| initially be directed towards clarifi- 


cation of the relationship between 
tyrosine-specific phosphorylation of 
the cytoskeletal protein vinculin by 
pp60’-sre (the transforming gene 
product of RSV), and other aspects 
of the transformed phenotype. The 
work may also involve analysis of the 
structure of vinculin and the vinculin 
gene. 


Applicants should have a PhD in 
Biochemistry, and experience in 
some area of Tumour Biology is 
desirable. 


Salary within the range £7,190 to 
£8,975. 


The position is available imn 
ately, although the starting -dagis 
negotiable, and will be for 2 years’, 


Applications (together with the 
names of two referees) should be sent 
to Dr D R Critchley, Department of 
Biochemistry, Univesity of Leicester, 
University Road, Leicester LEI 7RN. 

(2919A 








UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT CF GECLOSGY 
DEMONSTRATOR/ | 
SENIOR DEMONSTRATO 


Applications are invited for a 
Demonstrator/Senior Demonstrator 
in sedimentary geology in the Depart- 
ment of Geology. Duties include 
laboratory demonstrating in a wide 
range of undergraduate courses in 
sedimentology and palacontology, 
field work instruction and tutorials in 
general geology. The successful can- 
didate may also be required to lecture 
in Honours classes on specialist 
topics related to his/her research 
interests. The demonstrator will also 
be expected to contribute to the re- 
search activities of the department by 
developing his/her research interests 





and by interacting with staff 
members and post-graduate 
students. 

Candidates should have 


completed, or virtually completed, 
their Ph.D. and be prepared to com- 
mence the position on October Ist. 
The appointment is for a fixed term 
of up to three years. : 






Initial salary within theo 
£6,310 — £8,530 per annum. ~ 


Applications (three copies), to- 
gether with the names of three 
referees, should be received not later. 
than 6 July, 1984 by The Registrar, 
The University, P O Box 147, 
Liverpool L69 3BX, from whom 
further particulars may be obtained, 
Quote Ref: RV 7/545/N (2905)A 
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"THE ANIMAL VIRUS 
RESEARCH INSTITUTE 


2 HEAD OF 
MOLECULAR BIOLOGY 


ions are invited for a new 
ead of the Division of 
Molecular Biology, the appointment 
to commence | October 1984. The 
successful candidate would also 
become head of the Department of 
Biochemistry, and would lead a 
vigorous team investigating the bio- 
chemistry and genetics of several 
important exotic animal diseases 
including foot-and-mouth disease, 
bluetongue, and African swine fever 
viruses. 


Candidates should have a high 
academic research record in the mole- 
cular biology of viruses and proven 
‘skills of leadership. 


Salary in scale of Istg 16,343-Istg 
20,794 (grade 6 previously known as 
Senior Principal Scientific Officer). 
Sick leave and non-contributory 
superannuation schemes. 25 day 
annual holiday. House may be avail- 
y suitable married applicant. 









ther information and appli- 
cation forms from the Secretary, 
Animal Virus Research Institute, 
Pirbright, Woking, Surrey GU24 
ONF. Tel: 0483 232441. Closing date 
for applications 10th July 1984. 
(2966)A 





UNIVERSITY 
OF QUEENSLAND 
Brisbane, Australia 


PROFESSOR OF 
ORGANIC CHEMISTRY 


Applications are invited for the Chair 
of Organic Chemistry. Applicants 
should be able to present evidence of 
substantial research achievement in 
the field of organic chemistry. The 
; sful applicant will be expected 
onstrate and encourage excel- 
lence in research, and will be given 
responsibilities by the Head of the 
Chemistry Department for under- 
graduate and postgraduate teaching 
in the Organic Section of the 
Department. 


Salary per annum: $A51,006. 
Closing date: 31 July 1984. 


Please supply names of three 
referees. 






LECTURER/ 
SENIOR LECTURER IN 
ZOOLOGY (Tenurable) 


Higher degree in biology and demon- 
strated expertise and teaching experi- 
ence in biostatistics required. 
Teaching and research experience in 
ecology or animal behaviour 
desirable. 


Salaries per annum: Senior Lectur- 
er $A32,677 — $A38,085, Lecturer 
A24 353 — $A31,994. Closing date: 






a "Additional information and appli- 
cation forms are available from the 
Staff Officer, University of 
Queensland, St Lucia, Qld 4067, 
Australia, or from the Secretary 
General, Assocation of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH 
DPF. (W107 DA 


UNIVERSITY COLLEGE 
CARDIFF 


DEPARTMENT OF BIOCHEMISTRY 
RESEARCH ASSISTANT 


Applications are invited for a 
Research Assistantship to work 
with Dr N J Russell on the 
mechanism of membrane changes in 
moderately halophilic bacteria 
during adaptation to altered salinity. 


The work will involve membrane | 
and lipid isolation/characterisation, 
‘radiochemical enzyme assays and 
Candidates | 


TLC/GLC analysis. 
should have graduated in 
biochemistry, microbiology or a 
closely related subject. 


The appointment, which is for 
three years, is funded by a grant 
from the Science and Engineering 
Research Council, and there will be 
some collaboration with the 
University of Ottawa. Salary RA 
range IB £6,310 -~ £7,190 per 
annum. Duties to commence Ist 
September, 1984. 


Applications (2 copies), including | 


a curriculum vitae, together with the 
names and addresses of two 
referees, | 
Establishment Officer, University 
College, P O Box 78, Cardiff CFI 
IXL. Closing date 16th July, 1984. 
Ref: 2794. Q921I)A 





THAMES POLYTECHNIC 


SCHOOL OF 
BIOLOGICAL SCIENCES 
AND ENVIRONMENTAL 

© HEALTH 


LECTURESHIPS IN 
BIOTECHNOLOGY 


SL IN MICROBIAL GENETICS 


LIE IN BIOLOGICAL 
CHEMISTRY 


Applications are invited for the 
above posts from appropriately 
qualified graduates. Experience in 
one or more of the following is 
essential: molecular/microbial 
genetics; microbial physiology/bio- 
chemistry; fermentation technology; 
natural product chemistry, enzyme/ 
cell technology. 


Salary scale: £8,202 — £12,555 


inclusive (under review). 


SERC RESEARCH 
STUDENTSHIP 


Applications are invited for a SERC 
research studentship from } October 


1984 on a project from: biochemistry | 


of bacterial lipopolysaccharides; 
molecular biology of wood-rotting 
fungi/lignin degradation; insect 
neurobiology. Applicants should 
have, or expect to obtain, a good 
honours degree in biology or related 
discipline. Please indicate choice of 
project. 


Further particulars and applic- 
ation form from the Staffing Officer, 
Thames Polytechnic, Wellington 
Street, London SE18 6PF, to be re- 
turned by 3 July 1984. 


Thames Polytechnic is an equal 
epperuniics employer. Q915)A 


should be sent to the | 










CSIRO 


RESEARCH SCIENTIST! SENIOR | 
RESEARCH SCIENTIST 


$A25, 342 — $A37,274 
DIVISION OF PLANT INDUSTRY 
CANBERRA ACT 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of 

whom some 2,900 are professional scientists. The Organization’ $ 
research activities are grouped into five Institutes: Animal and Food- 
Sciences, Biological Resources, Energy and Earth Resources, 
industrial Technology and Physical Sciences. The CSIRO Division of: 
Plant industry is a member of the Institute of Biological Resources. 
FIELD: Biochemistry 

GENERAL: The Division conducts research fundamental to plant 
biology and applies its results to agricultural problems. Current — 
research in its Biochemistry Section includes studies on chloroplast 
membranes, protein and nucleic acid metabolism in chloroplasts, 


| photosynthetic carbon metabolism, the biochemistry of seed — 


proteins, and haemoproteins involved in nitrogen fixation. 
DUTIES: To conduct a program of research directed towards os 
developing herbicides selectively effective against C4 plants based on 
knowledge of biochemical processes specific to C, photosynthesis. - 
The successful applicant will be expected to conduct research to 
expand the range of biochemical targets currently being examined, 
to supervise the day to day conduct of the biological screening 
procedures, and to co-operate with organic chemists in decisions " 
about the direction of the synthetic program. E 
QUALIFICATIONS: A PhD degree or equivalent qualifications with E 
research experience in the areas of enzymology, enzyme kinetics ana E 0 
structure-biological function relationships. A strong background: in. : 
organic chemistry is desirable. nS 
TENURE: Indefinite with Australian Government superannuation 
benefits available. 
APPLICATIONS: Stating full personal and professional details with | 
the names of at least two referees and quoting reference No A4726, 
should be directed to: 

The Chief 

CSIRO Division of Plant Industry 

GPO Box 1600 

CANBERRA ACT 2601 

AUSTRALIA 
By July 20, 1984. 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 








(W1064)A 


Applications are invited io a culty position at the Assistant or 
Associate Professor level in the Department of Vegetable Crops, 
University of California, Davis. We are seeking a Molecular 
Geneticist to address important problems in higher plant biology. 
Potential research areas might include gene expression, genome 
organization or gene transfer. The appointee will exploit the 
extensive tomato genetic resources available in the department and 
will be expected to contribute to the campus-wide program in 
molecular biology. This position is an 11-month, tenure track 
appointment with commitments of 15% and 85% research. 
Qualifications include a Ph.D. in genetics, molecular biology, or 
other closely allied discipline with training in molecular genetic 
techniques. Teaching and advising responsibilities will be within the 
appointee’s area of specialization. Training of graduate students will 
be a significant responsibility. } 


Applicants should submit a curriculum vitae with a bibliography, {= 
reprints of pertinent publications, a statement of research and 
teaching interests, transcripts, and the names and addresses of at 

least three referees to: Dr. D. J. Nevins, Chair, Department of 
Vegetable Crops, University of California, Davis, California, 95616. 
Application deadline is September 30, 1984. Position available, 
December 1, 1984. 


The University of California is an Affirmative Action/Equal 
Opportunity Employer. (NW6I14)A 
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CELLULAR 
BIOCHEMISTS 


IMMUNEX, a Seattle based biotechnology company, is presently 
expanding its Cellular Biochemistry Department. The interests of 
this group center around the biochemical characterization of 
lymphokines, the development of rapid, sensitive and quantita- 
tive biological or biochemical assays for lymphokine detection, 
and assessment of the cellular mechanisms through which 
lymphokines act to stimulate or suppress cellular responses. 


We are seeking candidates with a Ph.D. in Biochemistry or Cell 
Biology who have an interest in immune regulation and whose 
research training lends Itself to the above goals. Training in im- 
munology is not a prerequisite, but candidates must possess 
generic biochemical skills of a high order. 


Immunex’s multidisciplinary approach, coupled with a collegial 
scientific atmosphere, provides an excellent research environ- 
ment, Our salaries are competitive and the benefits package in- 
cludes equity participation opportunities. Please send resumes 


to: 


Personne! Director 
Immunex Corporation 
51 University St. 


Seattle, WA 98101 


(NW619)A 








UNIVERSITY 
OF CAMBRIDGE 


< PLANT BREEDING 
Applications are invited for a Univer- 
sity Demonstratorship in the Depart- 
ment of Applied Biology, to teach an 
area of Plant Breeding at 
. undergraduate and graduate level, 
and engage in research, in a field 
.. other than molecular genetics. Can- 
~ didates. should have appropriate 


- Honours degree and post-graduate. 


research experience. 


<- Further particulars may be obtain- 
>d from the Administration 
~ Secretary, Department of Applied 
_ Biology, Pembroke St., Cambridge 
CB23DxX (2955)A 


WASHINGTON STATE 
UNIVERSITY 
RESEARCH COORDINATOR 
PhD in biochemistry or related areas 
to provide day-to-day guidance to a 
research group composed of post- 
docs, graduate students and tech- 
nicians working on enzymology and 
molecular biology related to lipids 
and other natural products under the 

direction of P E Kolattukudy. 

Send, by August 15, 1984, a 
complete CY and references to 
Director, Institute of Biological 
Chemistry, Washington State Uni- 
versity, Pullman, WA 99164-6340. 
WSU is an Affirmative Action/ 
Equal Opportunity employer. 

(NWG6IBJA 




















“DNA in modified form. 


PLANT BREEDING INSTITUTE 
Maris Lane, Trumpington, 
Cambridge CB2 2LQ 


Plant Molecular Biologist 


A post-doctoral position, sponsored by Shell Research Limited for 
three years, iS required to investigate the control of gene expression. 
The work will involve the dissection of functional regions of plant genes 
under hormonal control and their reintroduction into chromosomal 


E Candidates should have a first or upper second class honours degree in 
oug an appropriate biological science with at least 2 years experience in 
ee . biochemistry/molecular bilogy or related research, and a PhD, 
| The appointment will be as Higher Scientific Officer (£7,149 — £9,561 
fo pad. Pay award pending. Non-contributory pension scheme. 

a | Applications with curriculum vitae and names and addresses of 

three referees should be sent to the Establishment Officer 
- quoting reference CYT/ 178 by 19th July, 1984. 
; The institute is an Equal Opportunities Employer. 


JAMES COOK UNIVERSITY 
OF NORTH QUEENSLAND 


TEMPORARY LECTURER IN | 


BIOCHEMISTRY 


Applications are invited from can- 
didates from any area of Biochemistry 
for appointment as Temporary Lec- 
turer in the Department of Chemistry 


and Biochemistry. The position is | 


available from January 1985 to 31 
December 1986. 


Applicants must have a higher 
degree in Biochemistry. The ap- 
pointee will be engaged in teaching, 
research and associated duties. 


The salary range for the position is | 
$424,353 — $A31,994 per annum | 


and commencing salary will be deter- 
mined in accordance with qualifica- 
tions and experience. 


Further information and 
application forms are available from 
The Registrar, James Cook Univer- 
sity, Townsville, Qld, 4811, 


Australia, with whom applications | 


close on July 20, 1984. In reply please 
quote Reference No. 84085. (W 1062) 





POSTDOCTORAL 
POSITIONS 


YEAST AND BACILLUS 


Two positions available immediately. 
One for studies of the expression and 
replication of the virus-like dsRNA 
Killer plasmids of 5. cerevisiae. 
Major focus on modifications of 
killer cDNA’s to test effects on 
expression and secretion of proteins. 
The other for studies of the cloning 
and expression of spo genes in B. 
subtilis expressed uniquely in one of 
the two cell compartments present 
late in sporulation. DNA cloning 
experience desirable. Salary 
commensurate with experience. 


Send C.V. and names of 3 refer- 
ences to: Dr Donald J Tipper, 
Department of Molecular Genetics 
and Microbiology, University of 
Massachusetts Medical School, 55 
Lake Avenue North, Worcester, MA 
01605, USA. (NW6ID)JA 





LOTHIAN HEALTH BOARD | 


TEMPORARY PART-TIME 
BASIC GRADE 
CYTOGENETICIST 


(24 hours per week} based at the | 
Cytogenetics Laboratory, Depart- | 
ment of Pathology, Royal Hospital | 
for Sick Children, Edinburgh re- | 


quired immediately until 20 January, 
1985 during the absence of a member 
of staff on maternity leave. 


Experince in human genetics is 
essential. 


M Ellis, Cytogenetics Laboratory, 
Royal Hosptial for Sick Children, 


Edinburgh, telephone 031-667-1991 | 


extension 272. 


Typewritten applications, giving | 


particulars of age, qualifications and 


previous experience, together with | 
the names and addresses of two | 


referees should reach the Area Per- 
sonnel Officer, 11 Drumsheugh 


Gardens, Edinburgh, EG3 7QQ by 30 | 


June, 1984. QuoteM/83. (Q973)A 


| actionemployer. 


i Science which 
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MICHIGAN STATE © 
UNIVERSITY 


POSTDOCTORAL 
RESEARCH ASSOCIATE 
(Biochemical Toxicology). 





One Research Associate position is 
available immediately on an NIH 
sponsored three year project to study 
effects of xenobiotics on plasma 
membrane receptors, cellular 
calcium regulation, sodium and 
chloride channels, protein kinases, 
and ATPases, 


Send Curriculum Vitae and names 


-of three references to: Dr Fumio 


Matsumura, Pesticide Research 
Center, Michigan State University, 
East Lansing, MI 48824. 


Michigan State University is an 


equal opportunity/affirmative 
(NW6ITDA 





ROYAL FREE HOSPITAL, _ 
SCHOOL OF MEDICIS 
UNIVERSITY OF LONDON 
DEPARTMENT OF MEDICINE 
POSTDOCTORAL 
RESEARCH ASSISTANT 
Required for up to 3 years to work 
with Dr Gregory Gregoriadis on a 
project supported by the MRC on the 
use of liposomes as immunological 
adjuvants in vaccines. Strong 
background in immunology an 


advantage/experience of liposome 
technology is not required. 


Salary on Research Range 1A. 





Applications by full curriculum 
vitae, quoting the names and 
addresses of two referees should be 


| submitted to the School Office, 


RFHSM, Rowland Hill Street, 
London NW3 2PF. Further detai 
available on request (telept 
01-794-0500 Extn. 4262). C 






A 
date 13 July 1984. Please quote 


reference RA/GG/2. (2902)A 


UNIVERSITY OF 
BIRMINGHAM 
FACULTY OF ARTS 


CHAIR AND HEADSHIP OF 
THE DEPARTMENT OF 
PHYSICAL EDUCATION 
AND SPORTS SCIENCE 


Applications are invited for the Chair 
and Headship of the Department of 
Physical Education and Sports 
is now vacant. 
Applicants should have active aca- 


| demic interests in at least one of the 


Further information from Miss P | seo 
from Miss P research, and be willing to strengthen 


Department’s areas of study and 


or establish links with other de 
ments. ee 


Salary in the professional rz nee, 
plus superannuation. 


Further particulars available from 
the Vice-Chancellor, University of 
Birmingham, P O Box 363, 
Birmingham B15 2TT, to whom 
applications (15 copies: 1 from 
overseas applicants) should be sent 
by Ist September 1984. (@928)A . 
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` UNIVERSITY OF BRISTOL 
_ DEPARTMENT OF MATHEMATICS 
Applications are invited for a 


LECTURESHIP IN 
JMERICAL ANALYSIS 


cants should have a good 
research record and be likely to 
interact with present members of the 
Department. The salary scale for 
lecturers is £7,190 — £14,125 (under 
review) and initial salary will be 
determined according to age, 
qualifications and experience. The 
post is tenable from Ist October 1984 
or a mutually agreeable date. 





Further particulars should be 


obtained from the Registrar and Sec- | 


“retary, University of Bristol, Senate 
House, Bristol BS8 1TH, by whom 
applications should be received 
before 25th August 1984, quoting 
reference JC. (2923)A 


UNIVERSITY 
OF NOTTINGHAM 


CELL BIOLOGIST 


Applications are invited for the posi- 
tion of Experimental Officer to join 
the research group developing mono- 
clonal antibodies. The person 
appointed will be expect to supervise 
technical staff engaged in hybridoma 
research and should have relevant ex- 
perience in cell biology and 
preferably immunology. 


Salary will be at an appropriate 
point on the scale £6,310 to £9,875 
per.annum. 





_ Applications including full curri- 
-culum vitae and the names and 
addresses of two referees should be 
sent to Professor R W Baldwin, 
Cancer Research Campaign Labora- 
tories, University of Nottingham, 
Nottingham NG? 2RD. 


(2961)A 





UNIVERSITY OF WARWICK 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 
POSTDOCTORAL 
RESEARCH FELLOW OR 
RESEARCH ASSISTANT IN 
MOLECULAR VIROLOGY 


In the Department of Biological 
Sciences to work on a project funded 
by the Medical Research Council. 
The work will be concerned with the 
application of recombinant DNA 
techniques to the study of 
Mammalian reoviruses. Salary will 
be on the Research 1A Scale: £7,190 
~- £11,615 pa or the Research 1B 
Scale: £6,310 to £8,530 pa. The 
position is available for three years 
from Ist August 1984. 


Further information can be 
obtained by telephoning Drs M A 
McCrae or A J Easton on 0203 24011, 

ts 6024/6079. 


Applicants should send a cv with 
the names and addresses of two 
referees to the Executive Officer, 
Department of Biological Sciences, 
University of Warwick, Coventry, 
CV4 7AL, quoting reference 







-MAM/AJE/NAR. Closing date 6th | 


J uly 1984. (2914)A 


HOWARD HUGHES 
MEDICAL INSTITUTE 


RESEARCH ASSOCIATE/ 
POSTDOCTORAL FELLOW 


MD or PhD sought for 8/1/84 to par- 
ticipate in studies on the role of 
insulin receptor tyrosine kinase and 
regulatory protein phosphorylation 
in insulin action. Experience pre- 
ferred in the area of reconstruction of 
membrane proteins; cell fusion; 
protein chemistry or immunologic 
techniques. 


CV and 3 references ey 
Salary $17,000 — $20,000/vyear, de- 
pending on experience. 


Contact: J Avruch, Howard 
Hughes Medical Institute Laboratory, 
Diabetes Unit, Massachusetts General 
Hospital, Boston, MA 02114; or call: 
(617) 726-2874. (NW616)A 





LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
(University of London) 
Keppel Street WCIE 7HT 
A POSTOCTORAL 
RESEARCH FELLOW 
is required in the Immunology Unit 
of the Department of Medical Micro- 
biology for a temporary post, initi- 
ally for two years, to investigate the 
role of rheumatoid factors in chronic 
immune complex disease in mice, and 
supported by a grant from the Nuf- 
field Foundation. Immunological 
experience essential. Gross salary, 
depending on qualifications etc, up 
to £8,376 (under review). Appli- 
cations, consisting of full curriculum 
vitae and naming two professional 


referees, please, to Dr 
ME DeveyattheSchool. (2964)A 


THE HATFIELD 
POLYTECHNIC 
SCHOOL OF NATURAL SCIENCES 
LECTURER H/ 
SENIOR LECTURER 
IN PHARMACOLOGY 


Applications are invited for the post | 
of lecturer/senior lecturer with effect | 


from I September 1984. Applicants 
should possess a higher degree in 


pharmacology and preference will be | 


given to candidates with post-doc- 
toral research experience. The suc- 
cessful applicant will be expected to 
contribute to pharmacology teaching 


at undergraduate and postgraduate | 


level and will be encouraged to con- 
duct research in a specialist aspect of 
pharmacology. 


Salary: Lecturer Ik: £7,473 — 
£11,826. Senior Lecturer: £10,941 — 
£13,701. 


Further particulars and applica- 


tion forms may be obtained from Mr | 


R Anderson, Staffing Officer, The 
Hatfield Polytechnic, P O Box 109, 


College Lane, Hatfield, Herts. AL10 | 
9AB. Informal enquiries may be | 


directed to Dr B Hunt, Hatfield 


68100, Ext 485. Closing date 17 July - 


1984. Please quote reference 789. 
(2932)A 












Search And Selection Limited _ 
Management Consultants 


HEAD 


Pharmacology and Biochemistry 


A new Department combining Pharmacology and 
Biochemistry in associated areas of interest has been 
created by one of the most successful international 
research based pharmaceuticals companies — a mature 
scientist of standing is required as Head of Department: 
principally to manage the science — especially to inspire, 
motivate and coordinate the team which is some 40° 
strong (about equal numbers in each discipline) but also 
of course with responsibility for the administration 
intrinsic in running a Department of this size. 

Considerable experience in managing other Scientists, 
preferably in the pharmaceuticals industry, is essential 
and so the appointed candidate is unlikely to be younger 
than 35, with an established record of successful 
research; qualified in either Pharmacology or 
Biochemistry with considerable knowledge of both 
disciplines, holding a good first degree, and a relevant 
Ph.D as a prerequisite. 

Location is in the south-east of England within easy 
reach of London. Salary guideline in the middle to later 
twenties with attractive ‘extras’ including a car. 

Interested scientists are asked to send a full 
curriculum vitae and publications list to: — 


Martin Duchesne 
Search And Selection Limited, 
Suite 3 Council Hall, Penn Road, eee 
Beaconsfield, Buckinghamshire HP9 2PP._ 


































Japan 


Squibb, a major international pharmaceutical c com- 
pany, currently is seeking candidates for the position 
of R&D Director in its Japanese affiliate with offices 
in Tokyo. The Director must provide strong intellectual 
and administrative leadership to a staff of about 50 
scientists who have responsibility for the registration 
in Japan of new human ethical and animal health pro- 
ducts. in meeting these responsibilities, the depart- 
ment monitors Japanese regulatory requirements, 
oversees preclinical and clinical studies conducted in 
Japan, and prepare the necessary registration docu- 
ments. Throughout this process, close liaison is 
maintained with the central research laboratories in 
the United States. 


The successful candidate will have at least 15 years 
experience in the health care field after receiving an | 
MD or PhD degree (or equivalent) and must be fluent 
in both Japanese and English. 


interested candidates should send their current 
resume directly to: Mrs. Anne V. Corey, International. 
Personne! Director, Squibb Corporation, PO. Box 
4000, Princeton, NJ 08540. An equal opportunity | 


employer. NWSTNA o 

































In der Fakultät für Physik der 


ALBERT-LUDWIGS-UNIVERSITAT FREIBURG I. BRSG. 


ist ein 


LEHRSTUHL FUR 


EXPERIMENTALPHYSIK (C 4) 


{Nachfolge Osberghaus) 


wieder zu besetzen. 


Gedacht ist an Bewerber aus den Forschungsbereichen Atom- und Molekulphysik und deren 
Grenzgebieten, wie z.B Quantenoptik, Oberflachenphysik, Anwendungen der Synchrotronstrahlung. 


Zusammenarbeit auf bestehenden Arbeitsgebieten (Atom-, Molekül- und Polymerphysik) ist erwünscht. 
Volie Beteiligung an der Lehre in der Fakultat und an der akademischen Selbstverwaltung wird verlangt. 


Bewerbungen sind bis zum 30.09.1984 zu richten an den. 


Dekan der Fakultät für Physik 


Hermann-Herder-StraBe 3, D 7800 Freiburg i. Brsg. 








McGILL UNIVERSITY 


The Department of Biochemistry, Faculty of Medicine, McGill 
University is seeking three or four highly qualified individuals to form 
a research group with interests in the applications of molecular 
genetics to medically relevant topics. All positions are tenure track ` 
at the level of assistant or associate professor. Candidates should 
have a minimum of two years postdoctoral experience and 
demonstrated excellence in the application of recombinant DNA 
technology to animal cell systems. Each new member is expected to 
develop a separate, vigorous and competitive research program. 
| Positions will be tenable after April 1, 1985. 

. Applicants are invited to send a complete curriculum vitae, 
copies of recent publications and the names of three 


2 S references to Dr. C.P. Stanners, Department of Bio- 


| chemistry, McGill University, 3655 Drummond Street, 
_ Montreal, Quebec, Canada H3G 1Y6. 

< in accordance with Canadian immigration requirements, priority 

will be given to Canadian citizens and permanent residents of 

.. Canada; however others are encouraged to apply. INW612)A 


Chair in Reproduction 


Department of Clinical Studies, New Bolton Center 
University of Pennsylvania, School of Veterinary Medicine 
Both nominations and applications are invited for a newly endowed 
Chair, The Marion Dill and David George Jones Chair, in Reproduction 
-at the School of Veterinary Medicine, University of Pennsylvania. This 
initiative represents an intent on the part of the School to build upon its 
already strong programme in reproduction. The successful applicant 
will be expected to develop an innovative programme of research in an 
area which is discernably relevant to the reproductive biology of farm 


=f animals. The applicant should also have the experience and interest to 


develop a role in leadership of the Section of Reproductive Studies at 
New Bolton Center. A degree in veterinary medicine is desirable but not 
essential. 


| New Bolton Center is the rural campus of the School of Veterinary 


Medicine and is situated 30 miles west of Philadeiphia. 


| Interested individuals should send curriculum vitae, references 
=. and asummary of research interests to: Dr Alan M. Kelly, School 


of Veterinary Medicine, University of Pennsylvania, 3800 Spruce 
Street, Philadelphia, PA 19104. Closing date for applications is 
September 30, 1984. | 

University of Pennsylvania is an Affirmative Action, Equal 
rtunity Employer. (NVW/609) A 














(W1073)A 


CENTRAL MANCHESTER 
HEALTH AUTHORITY 


SENIOR SCIENTIFIC 
OFFICER — TISSUE TYPING 
LABORATORY : 


HLA serologist to join the North 
West Regional Tissue Typing 
Laboratory to provide services for 
renal transplantation. Candidates 
should have post-doctoral experience 
in pre and post transplant im- 
munological monitoring techniques, 
be prepared to carry out ad- 
ministrative duties in support of the 
transplant programme. The ap- 
pointee will be expected to take up 
duties immediately. 


Appointment for this permanent 
position will be on the Whitley coun- 
cl PTA Senior scale (£9,010 — 
£11,649). 


Applications including a full CV 
to Dr P A Dyer, Principal Scientific 
Officer, Tissue Typing Labora- 
tory, Dept. Medical Genetics, St 


Mary’s Hospital, Hathersage Road, | 


Manchester M13 OJH. Closing date: 
2 July 1984. (2947)A 


M.R.C. Clinical Research 
Centre 
(Northwick Park Hospital} 
i Watford Road, 
Harrow, Middlesex HA1 3UJ 


| Technician 


| There is a vacancy for a 
Technician to work in our Division 
of Clinical Cell Biology which is 
concerned with biochemical 

| studies of Gastrointestinal dis- 
orders. The work will involve 
establishing and developing 
chromoatographic and electro- 
phoretic procedures for the 


separation and isolation of iron 
transport and storage proteins. 

Applicants for this position 
should have an HNC or science 
acgree in an appropriate subject. 
Salary on appointment will 
depend on age and experience 


and will be within the range 
£6,114-£8,370 (inclusive of 
London Weighting). 
Application forms and further 
details may be obtained by 
writing to Miss J. Cottam, 
Personne! Section, quoting 
reference 111/ 2/ 4044, 
Closing date: 13th July, 1984. 
(2934)A 





ree mes ehmma sa imnari heresies : 


| Dr B.A. 
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MRC BONE RESEARCH 
LABORATORY, Oxford 
POST DOCTORAL | 
RESEARCH FEL E 
Grade 1A 7 
To study experimental models of | 
human bone formation with Dr | 
Brian Ashton and Dr Roger- 
Smith. Preference will be given to 
pea ipsa with a background of 
cell biology or the synthesis of 
extracellular matrix, 
Ses in the range £7,190 — 
£8,530. The appointment will be 


for 2 years from the earliest 
mutually agreeable date. 


Applications,should be sent to 
Ashton, MRC Bone 
Research Laboratory, Nuffield 
Orthopaedic Centre, Oxford 
OX3 7LD and should include a 
full cv and the names of two 
referees. (2908) A 








| £5,682 — £7,765. Non-contributory 
i superannuation scheme. 


i Employer. 


ORGANIC SYNTHESIS _ 


DEVELOPMENT RESEARG} 
LABORATORY ^ 


CHEMISTS 


To develop and scale up processes for 
synthesis of peptides. PhD or equi- 
valent (2-5 years’ experience), 
interest and practice in organic syn- 
thesis essential. Experience in 
development and/or peptide 
chemistry an advantage. Syntex 
offers competitive salaries and a 
comprehensive benefits package. 
Please send résumé and salary 
requirements to Syntex Corporation, 
Professional Employment, Dept LK, 
3401 Hillview Avenue, Palo Alto, 
CA 94304. We are an equa! 
opportunity employer. (NW607)A 





AGRICULTURAL AND 
FOOD RESEARCH COUNCIL 
FOOD RESEARCH ; 

INSTITUTE 


NUTRITION AND FOOD QUALITY 
DIVISION 


SCIENTIFIC OFFICER 


The Food Research Institute has a 
vacancy for a Scientific Officer to in- 





vestigate the use of immunological 


techniques for the measurement of 
vitamins in foods. The person 
appointed will be trained in the use of 


| these procedures and be involved in 
| the development of these methods, 
| their validation against currently 
| accepted techniques and their 
| eventual use in nutritional research 


studies in connection with the nutri- 


| tional value of the UK diet. 


Qualifications: A degree in Bio- 


| chemistry or a related subject and an 


interest in immunological assays and 
their applications. 


Salary: (under review) On a scale 


The Agricultural Food Research 
Council is an Equal Opportunities 


Further particulars and 
application form. from The 
Secretary, Food Research Institute, 
Colney Lane, Norwich, NR4 7UA, 
quoting reference number 84/2. 


| Closing date: 5 July 1984. (2912)A > 
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UMIST 





Commencing salary will be accor- 
ding to age, qualifications and 
experience in the range of £6,310 — 
£7,630 p.a. (under review). 


Applications, quoting reference 
OP/100/AI, including a curriculum 
vitae and the names of two referees 
should be sent to Dr R F Itzhaki, 
Molecular Neurobiology Lab, Dept 
of Ophthalmic Optics, UMIST, P O 
Box 88, Manchester M60 10D. 

Q975)A 





MORRIS COLLEGE, a private and 
oredominantly-black, four year 
iberal arts college in Sumter , S.C. is 
ice king two persons to teach courses. 
ta person to teach courses in general 
igflogy, genetics, ecology and other 
infdergraduate biology courses. A 
*"hD in biology is required. 
3eginning date: January 1, 1985. 2)a 
erson to teach courses in physics 
vith a computer science background 
general physics and electronic) and 
shysical sciences. A PhD in physics 
equired. Beginning date: August 16, 
984. Salary and rank commensurate 
vith qualifications and experience. 
iubmit letter of application, letters 
if recommendation and academic 
ranscript to: The Personnel Officer, 
Aorris College, Sumter, S.C. 29150. 
deadline for accepting applications is 
uly 20, 1984. An Equal Opportunity / 
\ffirmative Action Employer. 
(NW6IS5)A 









UNIVERSITY OF LONDON 


INSTITUTE OF 
t PSYCHIATRY 


‘DEPARTMENT OF PSYCHOLOGY 
Applications are invited for a 
LECTURESHIP IN THE 
DEPARTMENT OF 
PSYCHOLOGY 


“he successful candidate will provide 
. Service to Hilda Lewis House, a 
nental handicap unit based at 
3ethlem Royal Hospital, that has 
lay, residential and community com- 
nents. Applicants will also be 
xpected to participate in the 
eaching of the Department on the 





A.Phil Clinical Psychology Course | 


nd in the supervision of trainees. 
‘hey must be capable of taking an 
litiative in developing the clinical 
nd research services of psychologists 
n this unit. Applicants should 
ossess appropriate postgraduate 
ualification in clinical psychology 
nd relevant experience is desirable. 





7, 90° —— £14,125 plus London 
Veighting Allowance. 





Application forms and fuller job 
escription obtainable from Anne 
tevens, Department of Psychology, 
e Crespigny Park, London, SES 
AF, and should be returned by 
riday, 13th July, 1984. (Tel: 01-703 
411 Ex.321). 


Q2913)A 


JOHN INNES INSTITUTE 


POST DOCTORAL POSITION 
FOR 
NUCLEIC ACID CHEMIST 
OR | 
MOLECULAR BIOLOGIST 


Applications are invited for the 
above two year project funded by the 


Agricultural Genetics Company | 


Limited, The work will be concerned 


with the development of probes for | 


plant virus identification. 


The appointment will be at Higher | 


Scientific Officer (Salary £7,149 to 
£9,561 p.a.). Qualifications area first 
or upper second class honours degree 
in chemistry, molecular biology or 
related subject with at least two years 
relevant experience. 


Applications with curriculum vitae | 


and names and addresses of three 


referees should be sent to The- 
Secretary, John Innes Institute, | 
Colney Lane, Norwich NR47UH by | 


Friday 13 July 1984 quoting reference 


AGCY/1. (2971)A 





UNIVERSITY OF BRISTOL 
CHAIR IN 
HISTOPATHOLOGY 


The University invites. applications 
for a Chair in Histopathology. 


Medically qualified candidates are 
invited to submit applications by 14th 
September 1984. 


Further particulars of the appoint- 
ment may be obtained from the 
Registrar and Secretary, University 
Senate House, Bristol BS8 1TH. 

QISA 





UNIVERSITY OF 
EDINBURGH 


FACULTY OF 
VETERINARY MEDICINE 


DEPARTMENT OF 
VETERINARY PATHOLOGY 


Applications are invited from 


veterinary graduates for the post of | 


lecturer in Pathology, 
The Department has an integrated 


approach to research and teachingin if 


all aspects of Pathology (immun- 


ology, microbiology, morphological | 
pathology) and has considerable ex- | 
pertise and facilities for work in these || 
areas. The person appointed will be | 


expected to contribute to teaching in 
pathology, to share the service com- 
mitments in diagnostic pathology 
(including post mortem work) and to 
undertake further research training 


in pathology leading to a higher | 


degree (PhD or MRC Path if this has 


| not already been obtained). 


The salary scale is £7,199 — 
£14,125 but initial appointment will 
not exceed £8,975 with first incre- 
ment on October Ist 1984. 


Six copies of application with the || 
names of 3 referees should be sub- | 


mitted to the Secretary to the Uni- 


versity, Old College, South Bridge, |] | 


Edinburgh from whom further parti- 
culars can be obtained. Closing date 
for applications 13th July, 1984. 
Please quote Reference No. 1140. 
See (2909)A 





CORPORATE BIOSCIENCE GROUP 


PROTEIN 
BIOCHEMIST/ ENZYMOLOGIST 


Applications are invited for a protein biochemist to work eee 
in the plant science section of the Corporate Bioscience § 
Group. The successful applicant will join a team | 
investigating aspects of cereal grain growth and will be IO 
responsible for initiating a programme to study. the be 
developmental control of enzymes of starch depositionin § 


endosperm tissue. He or she will probably have post E 
doctoral experience in plant protein isolation and f 
characterisation and will have demonstrated ability to § 
conduct independent research. His/her expertise will f 
complement existing strengths in plant cell biology, E | 
biochemistry and recombinant DNA technology, and an. Eo 
ability to work in a multi-disciplinary environment will be- 

essential. Pan 


Applications including a full cv should be directed to 
Miss E H Lauermann, Personnel 
Officer, Imperial Chemical Industries 
PLC PO Box No 11 The Heath, 
Runcorn, Cheshire. Closing date for 
applications is July 5th, 1984. 
(2907) A 


Third International 
Nature Conference 
September 10-12, 1984 
Boston Park Plaza Hotel 
Boston, MA, U.S.A. 


SESSIONS 
scientists who register for the 


conference and wish to display posters 
should contact: 


Posters Editor aS 

NATURE Magazine ms o 

15 East 26 St., New York, NY 10010 $] 

Please do not telephone. Write, including #1 

a brief synopsis of poster subject and 9 | - 
its scientific relevance. Poster space is | 


limited, so we suggest you act pro mptiy. 
(NWABBIC 





















TRANSGENE 


4q TRANSGENE, an independent genetic engineering company, carries 
out high level research oriented towards applications of medical and 
industriali importance. 


TRANSGENE has an opening for an experienced scientist as 


HEAD OF THE 
LABORATORY 
The work will be devoted to the optimisation of fermentation process 
involving recombinant strains and/or cell lines. 
it will require a strong interface with the research groups within the 
company as well as a practical understanding of aspects relevant for 
industrial purposes. 
= Therefore candidates must possess a strong background in 


: y biochemical engineering and a good expertise in fermentation and 
| “recovery development covering a range of hosts. 






‘Salaries will be competitive and commensurate with qualification. 
| Knowledge of French is not necessary. 


B STRASBOURG is a pleasant historic town, located in the heart of 
 Eurape, very close to Germany and Switzerland. 


~ |} The laboratory is located next to the University campus and enjoys 
= § close contacts with well known groups in fundamental research. 


oog For confidential consideration, send a cv, a list of publications and 
-E indication of salary requirements to: 


TRANSGENE S.A. 
Attn J.-P. LECOCOQ 
11, rue de Molsheim 


| appointee will work in a small group studying chromosome ant 








NATURE vel, 9. 2 JUNE a 






"MEDICAL ae CH an NEIL. 


Applications are invited for a short-term non-clinical scientific pastin the k 
Clinical and Population Cytogenetics Unit, tenable for 3 years, Hie 





organization, with special emphasis on relating cytological structy int 
molecular function. Current areas of interest include the nonhistone : 
ween core evident in dehistonized metaphase chromosomes (‘the 
scaffold’) specific DNA-protein and protein-protein interactions involved — 
in chromosome structure and chromatin condensation, the possible roe- 
of repeated DNA sequences in chromosome organization, and the raising < 
of monoclonal antibodies as probes of nuclear structure. 


The Unit is well equipped for most aspects of cell and molecular biology 
including scanning and transmission electron microscopy, flow cyto- 
fluorimetry recombinant DNA technology, immunology, and computing 
facilities. 

The successful candidate will have experience in a relevant field, and will 
be expected to soa his or her own independent research project 
within the general areas outlined above, while making use of the wide 
range of experimental techniques available in the Unit. 


Remuneration will be at an appropriate point on the scales for 
University non-clinical academic staff. Applications with the. . 
names and addresses of two referees should be lodged with The 
Administrator, MRC Clinical and Population Cytogentics Unit, 
Western General Hospital, Crewe Road, Edinburgh EH4 2XU, by - 
Friday 20th July, 1984. Please quote the reference SCS/ eem 
7 TOA 
























THE MAX-PLANCK-INSTITUT FUR KERNPHYSIK [i 
HEIDELBERG 


invites applications from 


ASTROPHYSICISTS or 
PLANETARY SCIENTISTS 


under 30 years of age for a 


POSTDOCTORAL 
RESEARCH POSITION 


in theoretical cosmophysic. The current main areas of interest are 
interstellar dynamics, in particular the influence of cosmic rays, and the - 
formation of stars and planetary systems. The three-year position is free. 
from Sept. '84. The salary is based on the German civil service scale 
(approx. DM 40.000.-- annually). 


Further details may be obtained from Prof H.J. Vöik, MPI für 
Kernphysik, Tel. (6221) 516355. Please send applications, 
including a CV and the names of two academic referees, to the 
PERSONNEL OFFICE at MAX-PLANCK-INSTITUT fü 
KERNPHYSIK. D 6900 Heidelberg 1, Postfach 103 980 before Ju 





~ | The successful candidate will also 


>| participate. in ongoing research | 


| projects and contribute to the 
AD, of graduate students. 


D degree from a recognized | 


“university in an area compatible 


with the responsibilities outlined | 


<i above; Booed involved in 

:| research and at least 3 years of 

| post-doctoral experience in 

cellular or_molecular micro- 

biol ogy. The candidate is 

expected to possess or to be 

ba to acquire a working 

if edge of French. Preference 

zed ma be given to Canadian citizens 

: { ana. E a residents of 
| Cana 

4 Commensurate with experience 

-| and with salary scale prevailing at 

| the Institut, Armand-Frappier 

versity of Quebec). 

se send curriculum vitae, 

publications and 3 

rs of "recommendation to 

dress. below before 

. 4984 to: Institut 


, Service des | 


| al, Québec, 7 


zB. VIRWEZDA 





67000 STRASBOURG 
FRANCE 
Tél: (88) 22 24 90 
(WIO70}A 

os a as z A SOUTH MANCHESTER 
| The. Pca for Research in || CHRISTIE HOSPITAL AND 
| Ve inary Medicine | is seeking a HOLT RADIUM INSTITUTE 
1p whose primary research | | 
| Fesponsibility will be to study the | | PATERSON LABORATORIES 
<$ agent-host interaction at the | DEPARTMENT OF 
~ 4 molecular and/or cellular level. IMMUNOLOGY 


A position is available forthwith for a 
POST-DOCTORAL 
ASSISTANT 


to study the properties of cloned 
naturally cytotoxic human peripheral 


blood lymphocytes. The limited | 
tenure of the appointment (until | 


September 1985) is such that appli- 
cants should already have acquired 
considerable expertise in techniques 
for the purification, fractionation 
(including FACS IV experience) and 
tissue culture of human peripheral 
blood tymphocytes, and familiarity 
with the extensive literature on 
natural killer cells. 


Salary will be in the range of £8,080 
-—- £10,710, depending on age and 
experience. 


Interested candidates should send 
a curriculum vitae immediately to Dr 


| Michael Moore (061-445 8123 
| ext 416) from whom further particu- 
| Jars may be obtained. 


RITTA 


15th. 





UNIVERSITY OF 

ST ANDREWS 
DEPARTMENT OF PHYSIOLOGY & 

PHARMACOLOGY 

TEMPORARY LECTURER 

Applications are invited for a 
Temporary Lectureship (three years). 
In addition to teaching duties, the 


| successful candidate will be expected 


to carry out research within the field 
of ‘muscle energetics, metabolism 
and locomotion of Antarctic 
animals’. This work is supported by 
an award from the NERC Antartic 


| Research Special Topics Programme 


to Dr I A Johnston. 
Some relevant postdoctoral or 
equivalent research experience in 


i muscle research is essential. Excellent 


research facilities and support are 
available for studies of muscle 
physiology and biochemistry. 

Salary at appropriate point within 
range £7,190 to £8,530 per.annum 
(under reveiw), plus USS. 

Further particulars are available 
from the Establishments Officer, The 


| University, College Gate, St 
| Andrews, Fife KY16 9AJ, to whom 
- applications (two copies preferably i in 
typescript) with the names. of three _ 
referees, should be sent to-arrive not. i 


later than 7 July 1984. 2891 ae 


(WIO A 


KING’S COLLEGE LONDON 
DEPARTMENT GF Ooa 
BIOPHYSICS 
POSTDOCTORAL 
RESEARCH ASSISTANT 
Applications are invited to work with 
Dr H J Gould on the isolation of 
human immunoglobulin gene bind- 
ing proteins and the study of their 
properties, interactions with specific 
DNA sequences and function. Rele- 
vant experience (eg recombinant 
DNA technology, DNA cloning in 
eukaryotic cells, and/or transcrip- 
tion mapping) would be desirabie. 
The post, which is funded by the 
Leukemia Research Fund, is tenable 
for three years, starting as soon as 
possible after September, 1984, 
Salary in the range £7,190 — £11,615 
plus £1,186 pa London allowance. 
Applications, including a. curri- 
culum vitae and the names of > 
erees, should be sent direct W Dr 
Gould, Department of Biophysics, 
King’s College London, 26-29 Drury 
Lane, London WC2B 5RL, before 
July 15, Enquiries from applicant in 
the US may be made to Dr Gou at 
the National Institutes of Health, 










: Building 2, Room 301, Bethseda, Md 





20205, before the end ‘of June. 
ee ORDA, 









THE UNIVERSITY OF MELBOURNE 
FOUR RESEARCH POSITIONS IN MOLECULAR 
BIOLOGY/MOLECULAR GENETICS 

| at the levels of 


search Fellow Grade 1 (Extendible Tenure) 
Research Fellow Grade 2 (Extendible Tenure) 








‘Senior Research Fellow (Extendible Tenure) 
a in the 
Department of Veterinary Preclinical Sciences 








Applications are invited from Molecular Biologists/Molecular 
eneticists interested in the regulation of eukaryotic genes. 


Sponsored Research Agreement allows the expansion of the 
olecular Biology Group within the Sheep Biology Unit which 
comprises scientists working in immunology, embryology and 
physiology and will provide an excellent environment to achieve the 
long term goal of isolating regulatory DNA sequences for the genetic 

anipulation of livestock. 

Positions are for 3 years with the possibility of renewal for a further 
period. Salaries will be in the range of $A20,991-$24, 047 per annum for 
Research Fellow Grade 1, $A24,353-$31,994 per annum for Research 
Fellow Grade 2 and $32,677-$38,085 per annum for Senior Research 
w. The level of appointment will depend on qualifications and 
postdoctoral research experience. 

yurther printed information regarding details of application procedure 
onditions of appointment is available from the Appointments 

{Academic}, University of Melbourne, Parkville, Victoria 3052, 
lia, or the Secretary General, Association of Commonwealth 
rsities (Appts), 36 Gordon Square, London WC1H OPE. 


ations, in duplicate, including names and addresses of at 
ree referees and quoting Position No. 260 A206, should be 
f: ed to the Staff Officer, University of Melbourne, and 
bse on 18 July 1984. 

University reserves the right to invite applications for the above 
ions and not to appoint anyone to each of the positions advertised. 
(WI1076)A 
















































THE MIDDLESEX THE UNIVERSITY OF 
{OSPITAL MEDICAL MELBOURNE 

SCHOOL . : 
| RESEARCH FELLOW 
LONDON GRADE I 

_ DEPARTMENT OF (EXTENDIBLE TENURE) 

PHYSIOLOGY ae 
LECTURESHIP DEPARTMENT OF BIOCHEMISTRY 


Applications are invited from people 
with a background in physical 
chemistry or physical biochemistry 


\Pplications are invited for a 
ectureship in Physiology. Appli- 
ants should have an established 
icord in research and would be 
kpected to develop their own 
‘search interests. 


‘The post will be held within the 
gint Department of Physiology at 
niversity College London and this 
ledical School, where the post will 
> based. 


I. The work involves the use of 
photophysical techniques to 
characterize the dynamics of 
cytoskeletal networks and to study 
proximity relationships in 
biomembranes. The position is 
sponsored by the Australian 
Research Grants Scheme and is for 2 
o years. 
Salary, according to age, qualifi- 

itions and experience, within the 
nge £8,376 — £15,312 inclusive of 
ndon Allowance. 


and in the range of $A20,991 to 
$A24,047. For further information 
please contact Dr W H Sawyer, 
Department of Biochemistry, Uni- 
versity of Melbourne, Parkville 3052, 
Victoria, Australia. 






Further information may be 
jtained from Professor J A 
ephens, Sherrington School of 
ioSwelogy, St Thomas's Hospital 
School, London SE! 7EH tel 







Further printed information re- 










| procedure and conditions of appoint- 
| ment is available from the Appoint- 
-ments Officer (Academic), 





‘|Secretary General, Association of 
Commonwealth Universities 
{Appts}, 3: 







Middlesex 


ondo 


















for appointment as Research Fellow | 


Salary up to $A22,213 per annum 


garding details of application | 


University of Melbourne, or from the | 


6 Gordon Square, London | Bt o 



















with the objective of improving Fecondity (sterility, | 
newborn and infant mortality, mother-child 
relationships, developmental problems) n 










-~ a PhD, MD, or equivalent, specialist in cellular 
immunology, with at least 3 years post-doctoral 
experience in basic research. | 
— a Technician highly qualified in immunology, 
specially cellular, to act as assistant to the former. At 
least 5 years experience in basic research. e 
SUBJECT: immunology of Loa /oa filariasis, parasitic 
disease endemic in West Africa, involving work or 
cellular mechanisms of the immune response, tests o 
cellular function, cytotoxicity, tissue cultur 
(including hybridomes), T cell cloning and functiona 
tests. ee 
The C.1.R.M.F., created in 1979, employs 165 peopl 
of 7 nationalities. It includes departments of 
immunology, biology of reproduction, microbiolog 
anatomo-pathology and parasitology. It has ac 

lab (17,000 samples/year) and gynecological-clinic 3 
facilities (30 beds) at the General Hospital. It possesses 
the most modern investigation equipment and 
harbours a Primatology Centre with 225 monkeys of 6 
species. oo 












































CONDITIONS i 
- Two-year contract, renewable by mut 
agreement, commencing September 1984. Attractive 
salary, negotiable, depending on qualifications and 
experience, plus expatriation allowance. Knowledge 
of French an advantage. a8 o] 
- Sixty day annual leave including family | 
transportation, free housing in a complex with tennis 

and swimming-pool. He 















For further information or application, send 
C.V., list of publications, list of 3 referees, 
present salary to: fi 
The Director of C.I.R.M.F. 
28 boulevard de Grenelle, 
75015 PARIS (France). 





An interview with candidates under considegati 
be held in Europe in July or August. 












University of California 
Lawrence Berkeley 
Laboratory 
Announces an opening 
1 January 1985 for 
Associate Laboratory 
Director and Head of 
Nuclear Science Division 


Science Division conducts a multi- 
million dollar research program in 
low, medium and high-energy 


- nuclear physics. The Head of the | 


Division has primary responsibility 


of this program under the general 
direction of the Deputy Director for 
General Sciences and the Labor- 


Director of the Laboratory, the 
incumbent will also participate in 
- formulating the research policy and 
-longterm direction of the Lab- 


must have had significant exper- 
jience as practicing nuclear 
physicists and be of the general 
calibre of persons holding senior 
tenure positions in major research 
institutions. The successful appli- 
cant would be expected to serve as 
Associate Director and Division 
Head for an initial term of 3 to 5 
years, subject to renewal for further 
terms by mutual agreement. 


© The Laboratory is seeking a 


a strong leadership role at a 
challenging time. Qualifi- 


- cations must be such that it will | 
be natural to consider him or her | 


. for a tenured appointment in 
= the Department of Physics on 


University of California, as well 
as at the Laboratory. Interested 
applicants should submit a 
curriculum vitae, together with 
the names of three references 


~ mittee, c/o Employment Office, 
>. LAWRENCE BERKELEY 
| LABORATORY, 1 Cyclotron 
- Road, Berkeley, CA$4720. Refer 
to Job A/2947. An Equal 
Opportunity Employer M/F/H. 
Deadline for applications: 
August 31, 1984. (NW594)A 


| LAWRENCE 
BERKELEY 

















The Lawrence Berkeley Laboratory } 
is a multi-purpose research | 
laboratory funded by the Depart- | 
ment of Energy. Hs Nuclear | 


for the leadership and management | 


atory Director. As an Associate | 


oratory as a whole. Candidates | 


respected and energetic | 
nuclear physicist willing to play | 


the Berkeley campus of the | 


to: Dr J.D. Jackson, Chairman, | 
Nuclear Science Search Com- 








FERMENTATI ON co 
CONSULTANT 


We are a rapidly growing biotechnology firm. . 
manufacturing and selling enzymes and other 
process aids to the food and drink industries- 
worldwide. Our manufacturing facilities are 
located in Western Europe and we are currently 
engaged in expanding our fermentation capacity 
substantially. We are seeking the services of an 
experienced fermentation technologist to act as 
consultant. 





The responsibilities of this consultancy will be 
two-fold (1) to oversee/advise on the _ 
commissioning of our new plant and (2) too 
contribute technically at the pilotand production = | 
scale to the optimisation of microbial (bacterial - 
and fungal) fermentation processes currently” 
under development. ae 











Application and correspondence should be 
submitted to the undersigned below and 
will be treated in strictest confidence. Keith | 
Walesby, Bio/ Technology, 4, Little Essex 
Street, London, UK, WC2R 3LF. 


(W10078)A 
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5 ; rr 
z d UNIVERSITY OF DUBLIN | 
xe Trinity College SE | 
k = 3 





riment of Immunology 


UNIVERSITY 
OF WALES 


RESEARCH 
ASSOCIATE 
(fixed term — 2 
years) 







pp cations are invited for the 
rove post in the Department of 
Immunology at Trinity College, 
Dublin. The successful candidate 
will work on a research project 
cerned with the 
munological aspects of 
spiratory disease, Experience in 
munological technology is 
sirable, though not essential. 


indidates should submit a full 

curriculum vitae, together with 
he names of two referees, to: 

<> Dr Conleth Feighery, 
Department of Immunology, 

entral Pathology Laboratory, 

St. James's Hospital, 

Dublin 8 


rivenot later than 29th June, 
: | (2882)A 














regulation of intracellular protein 
degradation in kidney epithelial 









culture is desirable. 










£7,190 — £8,080 per annum. 


Requests (quoting Ref B67) for 
details and application form to 
Staffing Office, UWIST, PO 
Box 68, Cardiff CF1 3XA. 


Ciosing date: 5 July, 1984. 




















































(2901) 4 

de CONFERENCES and 
THE UNIVERSITY OF COURSES 

ee ere UNIVERSITY 
CTURER IN ZOOLOGY a hate 

AAMMALIAN ECOLOGY) | MSc COURSE 
(FIXED FERM) IN AGRONOMY 

canore meer ied eae (the science and practice of crop 

| > qualified persons for production) 


Applications are invited from 
Graduates in Agriculture, Horticul- 
ture, Agricultural Botany, Plant 
Science, Ecology, Botany or Biology 
or other appropriate science subjects 
for admission to an advanced course 
of study leading to the degree of MSc 
(by examination) in Agronomy. The 
course is designed to provide those 
having appropriate scientific training 
with specialist knowledge of 
agronomy. 


niment for three years with 
prospects of continuation to a 
tureship in the Department of 
y. The Department has a 
n of marsupial studies in this 
ointment wishes to emphasize 
upial population biology. 
rpertise in mammalian popu- 

biology is sought; previous 
ipial experience is not required. 
partment runs a number of 
ons suitable for the study of 
upial populations. The 
pointee will lecture to undergradu- 

generally and in a specialist unit, 
ndertake research, and will be 
heouraged to lead graduate 
dents. 


* 


The course is of eighteen months 
duration commencing in January and 
ending in July of the following year 
and it consists of four parts:- Prin- 
ciples I includes studies of crop nutri- 
tion, fertilizers, weed biology and 
control, crop water relations and ir- 
rigation, variety testing and plant 
breeders’ rights, 


Current salary range: 

A24353-$A31994 per annum. 

enefits include superannuation, 

ares to Perth for appointee and 
ependent family and removal allow- 
nce, Conditions of appointment will 
e specified i in any offer of appoint- 
tent which may be made as a result 
f this advertisement, 


Applications in duplicate stating 
ili personal particulars, qualifica- 
ons and experience and the names 
1d addresses of three referees, 
iould reach the Staffing Officer, 
niversity of Western Australia, 
ediands, Western Australia 6009, 
2 July 1984, (WI10S59A 


(eben 


“Please mention 


nature 


dver artis 


Principles H includes computing, 
crop environment, climatology, 
biometry, principles of crop protec- 
tion and crop physiology, 


Production | and I] provide a 
detailed study of the production, 
mechanisation and utilization of 
agricultural and horticultural crops 
and grassland, together with field ex- 
perimentation. In additon each can- 
didate will carry out a research pro- 
ject on an agronomic topic approved 
by the Head of the Department and 
will be required to submit a thesis. 


For suitable UK applicants, 
scholarships may be available. 






Those seeking admission for the 
1985-86 session should write before 
1Sth October 1984 requesting an ap- 
plication form from The Secretary 
(Ref PGA), School of Agriculture, 
i} University of Nottingham, Sutton 
Bonington,.. Loughborough, Leics 

123 t Nottingham. 506101 
E 





















APPLIED BIOLOGY | 


supported by the National Kidney | 
Research Fund to work on the | 


cell culture. Experience in tissue | 


Salary: Within Range 1A | 
Research and Analogous Staff | 


35100 - Padeva (Italy) 










AWARDS 









PRIZES ~ 


The Fidia Research Laboratories and the Faculty ‘of 
Medicine of the University of Padua announce the establish- 
ment of the G.B. Morgagni Prizes, consisting of one 
Morgagni Medal and two Young Investigator Awards. These 
prizes will be awarded every four years on the occasion of = 
the European Symposium on Metabolism, Padua, Italy, : 
commencing in 1985, 

Nominations are invited for the Morgagni Medal which 
is to be awarded to an outstanding European scientist work- 
ing in the field of metabolism, including metabolic diseases. . 
such as obesity, diabetes and hyperlipidemia. The first 
Medal and US$ 15.000 will be presented at the Fourth Euros 
pean Symposium on Metabolism in Padua, Italy, in May 2 
1985. Each nominee should be nominated by two: in 5 

dividuals, who should enclose the nominee's curriculum 
vitae and send supporting statements of not more than 500. | 
words each. The winner will present a lecture on the occa- 
sion of re ceiving the Medal. 

Applications are also invited from European scientists 
below the age of 40 on January Ist, 1985 and working in 
the field of metabolism for two Young Investigator Awards, 
each valued at US$ 5.000, which will be given at the same 
ume as the Morgagni Medal. Applicants should enclose a 
curriculum vitae and three reprints of the most important. 
papers, 


Nominations for the G.B. Morgagni Medal and applications : 
for the Young Investigator Awards should be sent before. 
November 30th, 1984 to: : 


The Secretary 
The G.B. Morgagni Prizes Committee 


Istituto di Medicina Interna 
Via Giustiniani, 2 













































































Requests for Applications 


For Research Funds 


The Health Effects Institute (HEI) announces 
its intention to make available requests for 


applications for research funds. 


The Health Effects Institute is a non-profit research organization founded 
A in 1980. it was established co-operatively by the United States Environ- 
-$ mental Protection Agency and the automotive industry but is governed by 
| an independent 3-member Board of Directors: Archibald Cox, Cart M. 

Loeb Professor, Harvard University; William O. Baker, Chairman Emeritus, 
“Beli Laboratories: and Donald Kennedy, President, Stanford University. 
|) The HEI funds research directed to understanding and evaluating the 
| health effects of mobile source emissions. The research program was 

developed by HEIs Health Research Committee whose chairman is Wal- 

-f ter Rosenblith, Institute Professor and former Provost of the Massachu- 
F setts Institute of Technology. 

- The Health Effects Institute currently has thirty studies underway at 25 
. universities and research centers in 14 states and in West Germany. 
| This set of research topics is the first set of requests to be issued under 
-the institute's Phase Two Research Agenda. The topics will be addressed 
~ through full research applications on the following subjects: 
4, Mechanisms of carbon monoxide toxicity 
-= 2 Acute effects of carbon monoxide on cardiac rhythm 
3. Mechanisms of oxidant injury 
- And preliminary applications on: 

4. New methods for assessing health risks from automotive 

emissions 

in addition to these topics, the HEI will also consider applications in other 
areas. These include full applications from new investigators and prelimi- 
nary applications from established investigators on novel and important 
_ fesearch in connection with the heaith effects of automotive emissions. 
- The Health Effects institute will make available a packet of descriptive 
material about the research topics, directions for preparing applications, 
and material about the Institute to ail interested investigators. 
Ali requests and inquiries should be made to or through: 
| Dr. C. W. Powers, Executive Director, The Health Effects institute, 215 
First Street, Cambridge, Massachusetts, 02142, 617/491-2926. 
{NW621)}H 


BIODETERIORATION 
SOCIETY SUMMER 

MEETING 

UNIVERSITY OF 





Microbial Corrosion of Metals 
LIVERPOOL University of Kent at Canterbury 
“LIVERPOOL SCHOOL OF July Sth and 6th 1984 
. TROPICAL MEDICINE 


For Programme details 


WOLFSON UNIT OF contact: 
MOLECULAR GENETICS The Secretary 
POSTGRADUATE Biodeterioration Society 
SCHOLARSHIP Biological Sciences 













Hatfield Polytechnic 
Herts AL10 SAB 
(2906)M 


_. Applications are invited for a post- 
graduate research studentship to 


“investigate the molecular biology of 
“microorganisms which determine 
mating incompatibility in mosquito 
vectors of disease. Applicants should 
hold, or expect to gain this summer, a 
‘irst or Upper Second Class Honours 
degree in a Biological Science. Exper- 
ence. in techniques of molecular 
iology would be useful but not 
ential. 


The successful applicant will be ex- 
ted to register for a higher degree 
will join a group working on the 
ication of recombinant DNA 
niques to the study of malaria, 
maniasis and the insect vectors 
fections of man. 






$ 






















14-26 April, 1985 


The 10th Edmond de Rothschild 
School in Molecular Biophysics: 


THE STRUCTURE OF DNA 
| AND OF CHROMATIN, 
israel. 


Weizmann Institute of Science 
| and Neve llan Hilltop Resort, near 
Jerusalem. 






















| Mrs. Ruth Goldstein, Conference 
Coordinator, 
| Katchalsky Center, Weizmann 
| Institute of Science, 76 100 

Rehovot, israel. (W1072)M 





pplications, including the names 
yo referees, should be received by 
egistrar, The University, P O 
iverpoo! L69 3BX. Quote | 
2899) 
























SEMINARS and SYMPOSIA 


munanna nmi aa er 




















Aharon Katzir- | 


THE UNIVERSITY 
OF LEICESTER 
DEPARTMENT OF BIOCHEMISTRY 


POST-DOCTORAL 
FELLOWSHIP 


Applications are invited for a post- 
doctoral research position (MRC- 
funded) to work on the interaction 
between tetanus toxin and neural 
tissue. The project will include 
studies on {1) the “receptor” for 
tetanus toxin (2) the biochemical and 
ultrastructural features of the inter- 
nalization process and (3) structure 
function relationships within the 
toxin molecule itself. 


Techniques involved will be in 
part similar to those previously 
developed to study the interaction of 


cholera toxin with target tissues (J. | 


Biol. Chem.256 (1981) 8724), but 
will also involve the extensive use of 
monoclonal antibodies. 


Applicants should have a PhD in 
Biochemistry or related discipline, 


| and preference may be given to 


those with experience in cell culture 
and immunochemical techniques, 
and with an interest in membranes. 


Salary: £7,190 to £8,080 


The position is immediately 
available although the starting date 
is negotiable, and will be for a maxi- 
mum of 3 years. 


Applications (along with the 
names of two referees) should be 
sent to Dr D R Critchley, 
Department of 
Biochemistry, University of Leicester, 
University Road, Leicester LEI 

. 7RN, (2920)E 





UNIVERSITY OF OTAGO 
DUNEDIN — NEW ZEALAND 
POST-DOCTORAL 
FELLOWSHIPS 


Applications are invited for Post- 
Doctoral Fellowships in 1985 to be 
funded and awarded by the Univer- 
sity Grants Committee and tenable 
within the University of Otago. 


Awards may be made for one year 
or for three years. 


Applications from candidates 
wishing to work in any department of 
the University of Otago will be con- 
sidered, but in making the awards the 
University Grants Committee will 
give priority to current growth re- 
search areas such biotechnology, 
genetic engineering, electronics, eng- 
ineering, chemistry, etc. 


The emolument payable will beata | 
rate to be determined but not | 


exceeding the lowest step on the 
University scale for lecturers (cur- 
rently NZ$21,660 per annum). 


Applicants should have completed 
the requirements for the award of the 
degree of Doctor of Philosophy. 


Application forms and further par- 
ticulars are available from the 
Secetary-General, Association of 
Commonwealth Universities (Ap- 
pointments), 36 Gordon Square, 
London WC1H OPF. Applications 
close with the undersigned, PO Box 
56, Dunedin, New Zealand on 
1984. DW Girvan, Registrar 





23 July. 
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INSTITUTE OF- 
CRYOGENICS 


RESEARCH 
FELLOWSHIP 


Applications are invited for: 
2 year research fellowship 
supported by SERC to study con 
vection in cryogenic fluids usin 
Laser Doppler Anemometry anc 
microthermometry. Experien 
with data processing and las 
preferred. K 
Salary on range: £7,190 — £8,080 
per annum (under review). = 
Applications giving Curriculum 
Vitae (in duplicate) and name: 
of two referees should be sen 
to D.A.S. Copland, S 
ampton University, Highties 
Southampton SO9 5NH, a 
soon as possible quotin. 
reference 2056. (2904)E 
































UNIVERSITY OF WARW 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


POSTDOCTORAL 
RESEARCH FELLOW - 


A Cancer Research Campa 
funded fellowship is available t 
work with Dr A G Morris in the stud 
of cell- and molecular-biologice 
aspects of the production of gamm 
interferon by human and murin 
lymphocytes. The position would su. 
best either an immunologist or 
molecular biologist with an interesti 
cellular immunology, but an 
biologist with an interest in the 
would be considered. The 

tenable for one year, in the Tif ¥rir 
stance, renewable for at leasi on 
further year. The salary will beonth 
Research IA scale: £7,190 to £11,61 
pa. Applicants should send a cv, wit 
the names and addresses of: tw 
referees, to the Executive Office 
Department of Biological Science: 
University of Warwick, Coventr 
CV4 7AL, quoting reference AGM 
NAR/BSSS4. (2926)E- 














































UNIVERSITY 

OF EDINBURGH | 
DEPARTMENT OF ZOOLOGY ; 

POST-DOCTORAL 

FELLOWSHIP IN 
BIOCHEMISTRY 
Applications are invited for a SER 
Fellowship to work omil 
biochemistry of the yeast cell cyel 
yg range IA starting | Octob 


Further particulars are avai 
from Professor J M | aso: 
Department of Zoology, versi 
of Edinburgh, Kings Buildings, We 
Mains Road, Edinburgh EH9: 
with whom applications {2 
including CV and the nami 
referees should be lodged 
than 9 July 1984 

























FELLOWSHIPS 


UNIVERSITY OF WATERLOO 
Department of Biology 


NSERC University 
Research Fellows 


The Department of Biology, University of Waterloo, invites 

ipplications for NSERC University Research Fellowships in the 
_ following areas of research interest: (i) population genetics with 
— emphasis on the genetic structure and dynamics of real as opposed 
to. theoretical populations; (ii) nucleic-acid chemistry with 
emphasis on either in vitro DNA synthesis or site-specific 
mutagenesis; (iii) protein chemistry with emphasis on immuno- 
logical analyses. Applications in other areas will also be given 
-Serious consideration. Successful candidates will be expected to 
-establish a vigorous research program and participate in teaching 
both undergraduate and graduate students. 


_ Acurriculum vitae including names of three referees should be sent 

to Dr. J.E. Thompson, Chairman, Department of Biology, Univer- 
ity of Waterloo, Waterloo, Ontario, N2L 3GL. Prospective 
andidates should examine the NSERC Awards Guide 1984-85, 
aragraph 186 on page 52 for details. 


“In accordance with Canadian Immigration requirements, this 
» advertisement is directed to Canadian citizens and permanent 
idents. (INW611)E 


MERTON COLLEGE, OXFORD 


JUNIOR RESEARCH 
FELLOWSHIPS AND SENIOR 
SCHOLARSHIPS 1985 


ë college proposes, if candidates of sufficient merit present 
emselves, to elect to two or three Junior Research Fellowships and to 
‘Oo or three Senior Scholarships in 1985, These awards are open to 
th men and women. Candidates for Junior Research Fellowships 
ust be under the age of 27 on 1 October 1985; candidates for Senior 
sholarships must be under the age of 26, or, in the case of Oxford 
uates, must not have exceeded 18 terms from the date of 
atriculation. 
ils of the awards and of the method of appying for them 
ay be obtained from the Warden's secretary, Merton College, 
Oxford, OX1 4JD. The closing date for applications is 
SATURDAY 20 OCTOBER 1984. (2929)E 


THE UNIVERSITY OF 
AUCKLAND 
New Zealand 
POSTDOCTORAL 
FELLOWSHIPS 


Applications are invited for Post- 
doctoral Fellowships to commence 
during 1985. Applications in any 
research field (including humanities 
and social sciences) will be welcomed 
but preference will be given to those 
in current growth research areas — 
biotechnology, genetic engineering, 


‘The Queen’s University 
of Belfast 
Postdoctoral 
Research Fellowship 

Food Bacteriology 
Department of Agriculture 
and Food Bacteriology 

MAFF supported Fellowshi 
er the direction of Dr. J 
‘atterson will involve work on the 
extension of the shelf-life and 
iprovement in consumer appeal 


“processed meat products. | 


oth microbial and biochernical 

ssessments will be used. The 

pointment, which is for one 

“initially, subject to renewal 

a further year, is available as 
On as possible. 

ary in the range: 

£7 ,191-£8,532 per annum with 

butory pension rights under 


ons providing full 

$ of qualifications and 
rch experience together 
he names and addresses 
ferees should be sent 
Personne! Office, The 


University of Belfast, . 


electronics, etc, or in developing 
fields of economic importance to 
New Zealand such as tourism. 


The Fellowships are available for 
either one or three years and are 
valued at NZ$21,660 per annum. 
Conditions of Appointment and 
Application Forms are available 
from the Assistant Registrar 
(Academic Appointments), Univer- 
sity of Auckland, Private Bag, 
Auckland, New Zealand, or from the 
Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 


continued 


pore es Sea A 
ay AUSTRALIA ge 
ARTIS Nie EERE 


PHYSICAL & BIOLOGICAL SCIENCES 


To commemorate the Royal Visit to Australia in 1963 the 
Australian Government established the Queen Elizabeth il 
Fellowships Scheme. Under this scheme up to ten fellowships 
may be awarded each year for full-time research by youn 
scientists of exceptional promise and proven capacity for original 
work. These are post-doctoral awards tenable in an Australian 
university or approved research institution normally for two 
years. Tenure of a Fellowship is expected to commence within 
nine months of the announcement of the award. 


QUALIFICATIONS Queen Elizabeth II Fellows must be either 
Australian or United Kingdom citizens. They should have a PhD., 

or equivalent qualifications, in one of the physical or biological 
sciences (which are deemed to include mathematics and the 
scientific aspects of statistics, engineering, metallurgy, agricul- 
ture and medicine). In some circumstances applications maybe __ 
considered after submission of a thesis, but before the degree 
has been awarded. 

Awards will, in general, be restricted to applicants who are not 
more than 30 years of age on the date when applications close. 
SALARY $25,447 (Australian) per annum — increased to — 
$27,628 per annum at age 28 years. | 
TRAVEL EXPENSES Necessary travel expenses are payable. =. 
APPLICATIONS Persons interested in applying for the above 
fellowships should obtain application forms and a statement of - 
the conditions of award from: | a 
Executive Officer, Queen Elizabeth II Fellowships, Department of 
Science and Technology, P.O. Box 65, Belconnen, A.C.T. 2616, 
Australia. ieee 
The next round of awards will be announced in December 1984... 2 
as penta received after the closing date of 15 August 1984 

will not be considered. (W1065)E- 


NUFFIELD FOUNDATION 2 
ONE YEAR SCIENCE | 
FELLOWSHIPS 


The Nuffield Foundation is offering to University — 
Lecturers in Science and Applied Science — 
Departments a number of one-year research | 
fellowships to be awarded competitively at the end of | 
1984 and to be held during the academic year 1985-86. 
The objective is to enable younger university lecturers 
to be freed from teaching and administrative duties for 
one academic year. Preference will be given to. 
applicants under the age of 40. Awards will cover the 
cost of replacement teaching (up to the fourth pointon. 
the lecturer scale) and will include an allowance fo 
research expenses. aes 
The closing date is 14th October 1984 and furthe 
particulars may be had from the Director 
Nuffield Foundation, Nuffield Lodge, Regent’: 
Park, London NW1 4RS. ae 
This scheme is only open to applicants from Institute: 


within the United Kingdom. ( 2951 



































= species of Drosophila. 


= degree in a biological science. 


oor tel: 
applications: Sth July, 1984. 





SUNDERLAND POLYTECHNIC 
DEPARTMENT OF BIOLOGY 
SERC Research Studentship 


Applications are invited for this studentship (supervised by Dr. W. 
. Arthur and tenable for three years from 1 October 1984) on 
_ evolutionary and ecological aspects of competition between 


= ‘Applicants should hold a first class or upper second class honours 


Further particulars available from Personnel Officer, 
Sunderland Polytechnic, Ryhope Road, Sunderland SR27EE, 
0783 76233 ext. 11. Closing date for receipt of 



























(2942)F 












UNIVERSITY 
OF SOUTHAMPTON 
- Clinical Pharmacology / 
Medicine I 









































Culture and Biochemistry of 
Human Mucosal Mast Cells 




















































































o register for a higher degree. 


















































(2945)F 
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= UNIVERSITY COLLEGE 
CARDIFF 


` DEPARTMENT OF PHYSIOLOGY 








































































"essor D I Wallis. 
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"Roberts. 


IRC (CASE) STUDENTSHIP 


Applications are invited from good 
y;onours graduates in biochemistry or 
elated biological sciences to 
stablish tissue culture methods for 
uman mucosal mast cells and to 
xplore the secretory characteristics 
d biochemical pharmacology of 
he cells. An SERC (CASE) student- 
hip in collaboration with Roussel 
bs i is available for 3 years and the 
uccessful applicant will be expected 


Further information and applica- 
ns, including curriculum vitae and 
names of two referees to: Dr M K 
Church, Clinical Pharmacology, 
Southampton General Hospital, 
Southampton SO9 4XY. Telephone — 
703 777222 ext. 4312. Applications 
‘lose 6th July 1984. Please quote Ref: 


RESEARCH STUDENTSHIPS 


\ three year MRC Studentship and 
an SERC CASE Studentship are 
vailable from Ist October 1984. The 
RC studentship concerns the pro- 
perties of primary afferent neurones 
fnervating cranial blood vessels, the 
meninges and their possible involve- 
ment in migraine headache. The 
project will involve electrophysio- 
_ logical and histological techniques, 
and is under the supervision of Pro- 


-The SERC CASE studentship is 
concerned with the characterisation 
-HT receptors in the CNS using 
č trophysiological methods invivo, 
d is under the supervision of Dr M 


pplicants should possess, or 
ect to obtain a First or Upper 
nd Class Degree in Physiology, 
rmacology or some other approp- 


hose interested should write as 
as possible to Professor D I 
-or Dr MH T Roberts, Depart- 
f Physiology, University 


WELSH NATIONAL 
SCHOOL OF MEDICINE 
UNIVERSITY OF WALES 


DEPARTMENT OF MEDICINE 
SECTION OF MEDICAL GENETICS 


RESEARCH STUDENTSHIP 
IN MOLECULAR GENETICS 


Applications are invited for a 3 year 
position leading to a PhD degree, on 
the application of recombinant DNA 
techniques to the analysis of human 
inherited diseases, in particular 
myotonic dystrophy and neuro- 
fibromatosis. 


Further details may be obtained 
from the Registrar and Secretary, 
Welsh National School of Medicine, 
Heath Park, Cardiff CF4 4XN. (Tel 
0222/755944 Ext 2296) quoting Ref 
No M6/117 to whom application in 
the form of a curriculum vitae with 
the names and addresses of two 
referees should be submitted. (2924)F 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF METALLURGY 
AND MATERIALS SCIENCE 


RESEARCH 
STUDENTSHIPS 


Applications are invited from good 
honours (Ist or 2(i)) graduates in 
Metallurgy/Materials Science or re- 
lated Physical Sciences for 3 year 
studentships tenable from October 1 
1984. The studentships are spon- 
sored by the SERC Quota and CASE 
schemes, and are in the following 
areas: 


(i) solidification processes in high 
temperature alloys; 

(ii) theoretical and experimental 
studies of irradiation damage effects 
in metals; 

(ii) modelling deformation and 
fracture mechanisms in composite 
materials: 

(iv) interfacial structure in semi- 
conductor materials; 

{v} structure of complex oxides 
for advanced batteries; 

(vi) structure/property relation- 
ships in polymers; 

(vii) environmental effects on the 
strength of graphite. 

(viii) embrittlement sensitivity of 
9Cr-IMO steel. 


Applicants interested in any of 
these projects should write to The 
epee The ae aL P O Box 


 STUDENTSHIPS 


-not later than 28 





L69 3BX.... Quote. 
2900) 


TRENT POLYTECHNIC 
THE DEPARTMENT 
OF LIFE SCIENCES 
invites applications for SERC 
studentships for work in the 
following fields of study. 


Microbial degradation of xenobio- 
tic chemicals, Neurotransmitter 
pharmacology, Calcitonin control of 
blood pressure, Drug transport in 
liver and kidney, Controlled repro- 
duction of coarse fish, Urea cycle, 
lysine and ornithine metabolism, 
Ageing in stored potatoes, Effects of 
acid rain on amphibia, Physiology 
and biochemistry of germinating 
seeds. 


Further details and form of appli- 
cation are available from the Staff 
Officer, Trent Polytechnic, Burton 
Street, Nottingham NGI 4BU. 
Applications to be returned as soon 
as possible. (298 1)F 





UNIVERSITY 
OF ASTON 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


RESEARCH STUDENTSHIP 


Applications are invited for the 
above three-year appointment to 
undertake research, with Dr Hanson 
and Dr Bailey, into the causes and 
effects of diabetes and obesity using 
genetically obese mice. 


Applicants should possess, or 
expect to attain, a degree of Class 1 or 
2 G) in Biochemistry /Physiology or a 
related discipline. 


Further particulars are available 
from Dr P J Hanson, Department of 
Biological Sciences, University of 
Aston, Gosta Green, Birmingham B4 
TET (Tel 021-359 3611 ext $330), to 
whom applicants should send a curri- 
culum vitae, together with the names 
and addresses of two academic ref- 
erees, by July 6th, 1984. (2974)F 


RESEARCH STUDENTSHIPS 


A three-year research studentship for 
the session 1984/85 is available to a 
suitably qualified candidate (B.Sc, 
Class 1 or 2:1). The student will be 
registered for a PhD and will work in 
the Department of Dermatology 
under the the supervision of Dr G C 
Priestley. The award comprises a 
maintenance grant of £2,430 per 
annum, plus fees and a small travel 
allowance. 


The project will involve studies of 
the growth and metabolism of fibro- 
blasts cultured from the skin of 
patients with scleroderma and lichen 
sclerosus. Both two- and three-dim- 
ensional culture systems will be 
employed and a range of analytical 
techniques are available. 


Applications should be made to 


Dr G C Priestley, Department of | 


Dermatology, Phase 1, The Royal 





Infirmary, Edinburgh 
by telephone 031-2. 





h; EH39YW, or | be 
47) Eat odio. Ase 








DEPARTMENT ©) 

DENTAL SCIENCES: 
MRC RESEARCH 
STUDENTSHIP 
Applications are invite 
graduates who hold or expect. 
tain a first or upper second 
honours degree in a biolo 
discipline including an adequi 
background in biochemistry 
number of research topics: 
available including studies of the con: 
nective tissues of the mouth in rela- 
tion to periodontal disease and the 
structure and biosynthesis of salivary 
glycoproteins and their role in den 
plaque formation. The latter pro} 
would give scope for a microbiolog 












































The successful applicant 
join an active team under the d 
tion of Dr G Embery, to whom 
quiries may be made. Applicat 
together with the names o 
referees should be sent not later t 
July 9, 1984, to the Registrar, Yht 
University, P O Box 147, Liverpi 
L69 3BX. Quote Ref: RV/548/? 
(2946 


UNIVERSITY OF OXFOR 
NUFFIELD DEPARTMENT O 
ORTHOPAEDIC SURGERY 


MRC BONE RESEARCH 
LABORATORY 


Applications are invited fo 


MRC RESEARCH 
STUDENTSHIP 


to join an active research team fol 
work on the differentiation of bone 
forming cells in normal and patho 
logical conditions with parti 
reference to the characterisation: 
cell-specific markers by using mo 
clonal antibody techniques 
cants should have, or expec 
tain, a first or upper second 
honours degree in a biologi. 
science, preferably biochemistry, anc 
will be expected to register ie 
DPhil degree. : 


The names and addresses- 
referees and a completed curriculun 
vitae should be sent as soon as pos 
sible to Dr J T Triffitt, MRC Bon 
Research Laboratory, Nuffield Or 
thopaedic Centre, Oxford OX3 7LD 

293K 


UNIVERSITY OF s 
ASTON IN BIRMINGHAM 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


FACULTY STUDENTSHIP 


Applications are invited for a Facult 
studentship leading to the degree 9 
PhD commencing October 1984 il 
the area of experimental and clinica 
Diabetes Mellitus under the supe 
sion of Dr T Atkins. Can 
should have, or expect to ha 
or upper second class honou re 
in Biochemistry/Physiology — On | 
related subject. 


Applications which shoul 
a a curriculum ames of ti icbephone 
























NEL UNIVERSITY 
ell Biology 
earch Group 


s are invited for a 
duate research 
tship, funded by the Cystic 
; Research Trust, for a 
f evasion of macrophage 
ons by Pseudomonas 
iginosa. The project will be 
pervised jointly by Drs Susan 
mith and Roger Dean. The suc- 
essful candidate will be 
istered for a PhD degree and 
ould ‘hold or expect to obtain a 
ood honour degree in an 
appropriate subject. 
pplications, including a cur- 
culum vitae and the names 
two referees, should be 
itto Dr S E Smith, School of 
logical Sciences, 
bridge. Middlesex UBS 
1, from whom further 
mation is also available. 
(2943)F 


VERSITY COLLEGE 
LONDON 
RTMENT OF PHYSIOLOGY 


SEARCH STUDENTSHIPS 


‘cis available in muscle 
logy, cortical neurophysiology 
lévelopmental neurobiology. 
ies for work in vivo and in 


tgraduate Advisor, Depart- 
of Physiology, UCL, Gower 
London WCIE 6BT. (2950)F 


~ OF ULSTER 
. Faculty of Science 


C CASE STUDENTSHIP 
IN PHYSICS 
in collaboration with 

_ Culham Laboratory) 


tions are invited for a 
Studentship to study the 

ion of negative hydrogen ions 
asma sources. The project will 
ve the student in the design, 
ation and diagnosis of plasma 
tors and extraction systems for 
ense neutral beam injection 
ms for healing nuclear fusion 
nas. The work will be carried out 


the Coleraine Campus of the 


fersity and the Culham 


ratory. 


obtain an upper second class or 
class honours degree in physics 
similar discipline. 


rther details may be obtained 
pethe Academic Registrar 
inate, The University of Ulster, 

O Box 35, Coleraine, Northern 
BTS2 ISA, to whom appli- 

in. the form of a curriculum 

the names and addresses of 

ere, should be sent by Ith 


STUDENTSHIPS 


UNIVERSITY OF 
CAMBRIDGE 


RESEARCH STUDENTSHIP 
IN ORGANIC CHEMISTRY 
OR BIOCHEMISTRY 


Applications are invited from those 
graduating in the above fields to work 
on the synthesis and testing of novel 
arsonic acids, in which the -CH,- 
AsOQ;H, group replaces the 
-O-PO, 2 group of natural 
metabolic intermediates. Such 
analogues, e.g. of nucleotides and 
glycolytic intermediates, can be ‘un- 
coupling agents’, because they can be 
enzymically phosphorylated to form 
compounds that spontaneously 
hydrolyse to the starting analogues. 


Applicants should be eligible to 
hold an SERC training grant. They 
should send a Curriculum Vitae and 
ask two referees to write about them, 
by Monday, 9 July to Dr H B F 
Dixon, Department of Reaches, 
Tennis Court Road, Cambridge, CB2 
1QW; further details are available 
from him. RITA 


UNIVERSITY 
OF CAMBRIDGE 
Division of Virology 
DEPARTMENT OF 
PATHOLOGY 


POST-GRADUATE 
STUDENTSHIP IN 
VIROLOGY 


Applications are invited for an MRC- 
funded studentship starting 
1 October 1984. The project is to 
investigate interactions between 
herpesvirus proteins and antiherpes 
drugs and will involve the cloning, in 
vitro manipulation and expression of 
herpes genes in E coli. 


Applicants should have or expect 
to obtain a first or upper second class 
honours degree in a biological science 
and should send a curriculum vitae 
together with the names and 
addresses of two referees as soon as 
possible to Dr G Darby, Division of 
Virology, Department of Pathology, 
Tennis Court Road, Cambridge 
CB21QP. (2980)F 


NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 
POSTGRADUATE 
RESEARCH STUDENTSHIPS 


Applications are invited for two 
MRC-funded postgraduate research 
studentships tenable from October 
1984, in the divisions of Parasitology 
and Physical Biochemistry. The pro- 
m are entitled; 

The identification and 
Aa cloning of stage-specific 
genes of Trichinella spiralis (super- 
vised by Dr A J G Simpsonand DrS R 
Smithers) 

2. Energy transduction in muscle 
(supervised by Dr M A Ferenczi) 


Candidates should have, or expect 
to obtain, a first or upper second class 
honours degree i in a biological science 
subject. 

Applications including a Cur- 
riculum Vitae and nominating two 
academic referees should be made to 
the Director of Postgraduate Studies, 


+ at the National Institute for Medical 
“Re h,.. h Jul ! 


UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF BIOCHEMISTRY 


SGRC STUDENTSHIP IN 
STEROID BIOCHEMISTRY 


Applications are invited for the 


| above studentship, tenable for three 


years commencing October 1984. 
Candidates must hold, or expect to 
obtain, a I or IHi) Honours degree in 
an appropriate subject, and will be 
expected to register for a higher 
degree. 


The project involves studying the 


| relationship between sex steroids and 


the endometrium, particularly with 
respect to implantation, in cases of 
sub-fertility. The work will be carried 
out in the Department of Obstetrics 
and Gynaecology, but the student 
will also be a member of the 


- Departmentof Biochemistry. 


Applicants should write, giving 
names and addresses of two referees 
and enclosing a curriculum vitae to 
Dr P V Maynard, Department of 
Obstetrics and Gynaecology, 
University Hospital, Queen’s 
Medical Centre, Nottingham, NG7 
2UH. (2903)F 


MISCELLANEOUS 


RESEARCH VESSEL FOR 
ECONOMICAL WORLD 
WIDE CHARTER 


A 556" «x 19’ crabber/seiner design 
of Ed Monk with a range of 6,000 
miles at eight knots. Party of six, ex- 
perienced crew, extensive electronics 
including SATNAY. 


Spice Island Traders, One Boston 
Place, Boston, MA 02108 (617) 
723-1955. (NW750)J 


APPOINTMENTS 
WANTED 


RECENT PhD BIOCHEMISTRY — 
Protein Chemistry/Enzymology. 
Experienced with many laboratory 
techniques such as immuno- 
chemistry, isoelectric focusing, etc., 
and instruments such as CD, NMR, 
fluorometry, etc. Seeks position as 
postdoctoral/research associate/ 
teaching. Available immediately. 
Reply to Box 42, Nature, 15 East 26th 
Street, New York, New York 100100, 
USA. (NW608)B 


APPOINTMENTS WANTED 
advertise your qualities and qualifi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of 25p a word. 
(Personal Box Numbers £2). 
Advertisements must be pre-paid and 
sent to: Nature Classified (Appts 
Wd), 4 Little Essex Street, London 
ae 3LF. 2 


QUEEN MARY COLLEG : 
University of London _ 
MATERIALS DEPARTMEN 
Applications are invited for a 
POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP 


on a collaborative project between 
Professor W Bonfield (QMC) and Di 
J Bowman (Brunel University) con- 
cerned with the development of novel 
biodegradable composites for an 
application as bone-fracture fixation 
plates. The project forms part of an 
extensive research programme on the 
biomechanics of bone and bone- 
replacement materials, 


discipline is essential and experien si 
in polymer or composite. processing 
and characterisation techniques- 
desirable. It is intended that t 
Research Assistant be mainly base 
at Brunel. Appointment for 2 yea 5 
first instance at initial salary in rani 
(under review) £7,190-£8,530. ; 
£1186 London Allowance. Plea 
apply by letter, enclosing cv an 
names of 2 referees, to The Seni 
Personnel Officer, Queen M 
College, Mile End Road, kondan I 
4NS, by 5 July. 


UNIVERSITY OF ABERDEI 
DEPARTMENT OF FORESTR 


RESEARCH > 
ASSISTANTSHIP 
Applications are invited for 
Research Assistantship tenable . 
three years from Octobe: 
study ion exchange at leaf 
part of a wider study on thei | 
acid rain. p“ 


The salary will be on the 1B saal 
for Research and Analogous Staff 
£6,310 to £8,530 per annum. ase 
review). 


Application forms from the: l 
tretary, The University, Aberdee 
with whom applications (2 copi 
should be lodged by 15 i- 198. 


UNIVERSITY OF OXFOR 
DYSON PERRINS LABORATO! 
RESEARCH . 
ASSISTANTSHIP 


Applications are invited for. a 


(supported by SERC) for studies 01 
the total enantiospecific syntheses 
natural products (including sesban 
imide and poly hydroxylaye 
alkaloids) from carbohydrates. - 


The appointment is for one: year a 
this stage from | October 1984, or. 
later mutually agreeable date and 
renewable. Salary will be within 
range £7,190 - £8,530 pa (Range 
Research and Analogous 
Scales). l 


Applicants should send t 
curriculum vitae, and ask 
referees to send letters of re 
mendation directly to, Dr:G- 
Fleet, Dyson Perrins Laborat 
Oxford University, South 
Road, Oxford, OXI 3QY as soc 
possible and in any event ye 


eS 3. 
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Say goudbye 
o soft gels 


Trisacryl separates better and faster 


The built-in magic of 
matrix engineering gives y 
you form, porosity, 
strength and hydrophilic 
behaviour. Just pure 
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Recent developments in 
molecular biology, many of 
which have been described 
by their authors in Nature, 
are helping to clarify the 
causes of cancer. With each 
passing week, more and 
more people consider that a 
full understanding of cancer 
cannot be long delayed. 

But the implications for 
physicians and their patients 
are still entirely unclear. 


Organized and presented by 
ATURE, the international 
journal of science 


Perhaps the most important international con- A 





ference you could attend in 1984. Devoted to 
the recent contributions of molecular biology 
to the understanding of malignant disease. 














This is why NATURE has 
chosen to devote its third 
international conference to 
an occasion when 
researchers in the life 
sciences and clinicians can 
assess the importance of 
recent developments in 
molecular biology for the 
understanding and 
ultimately for the 
treatment of cancer. 


























Park Plaza at Arlington Street 
Boston, MA 02117 U.S.A. 


The conference program has been de- 
signed for two groups of people—re- 
searchers in the life sciences anxious 
to learn about and discuss the latest 
developments in the molecular biol- 
ogy of cancer, and physicians who 
consider that these developments 
may eventually affect their own work 
with patients. 


Participation in the conference will be 
restricted so as to provide opportunities 
for those participating to mix with and 
to question those responsible for the lat- 
est research. 


To this end, the leading scientists mak- 

ing formal presentations will also take 
part in two-hour round table discus- 
sions, providing an ample and unusual 
opportunity for participants to take | 
part in detailed discussions and to make 
short presentations of their own. 





To take part in this important and novel 
conference, register now and book yout 
rooms (also limited) at the Boston Park 
Plaza Hotel and Towers. 
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The role of the elaborate canal system found in the walls 
of the test of foraminiferans has been obscure. The 
Recent nummulitid Heterostegina depressa d' Orbigny 
1826, shown on the cover, has just released gametes 


{| through canals connecting the lumen with the 


-| surrounding seawater — this is one of the functions of 
the canal system described on p.789, 
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ow to order an East-West 


he word in Washington is that the administration is about to try again Jor better scientific relations 
with the Soviet Union. The goal should be to put any new initiative on a permanent Joundation. 


THE tale of how Sir Humphry Davy went on a tour of mainland 
European laboratories at the height of the Napoleonic Wars is 
widely regarded as a proof that the international character of 
ence was then more highly regarded than now. That Davy, to 
hom uxoriousness came late, was also on his honeymoon, 
ak es the j journey all the more remarkable. Certainly things are 
erent now, as the near-collapse of scientific relations between 
Vest and the Soviet Union demonstrates all too clearly. Part 
planation is that research is now recognized to bear on the 
iate strategic interests of governments, It also matters that 
scientific community everywhere is now dependent on 
‘nments for financial support, and thus constrained. But, 
e early nineteenth century, procedures by which the 
nt of people from one country to another is regulated 
also been formalized and tightened, partly in response to the 
ishing of the technology of travel but also, one suspects, 
or its own sake. The time, however, has come to ask that 
sent parlous condition of East~West relations should not 

ed to continue as it is. 
issue is urgent not merely in its own right but because, by 
ccounts, President Reagan was earlier this week about to 
tein public a renewed attempt to foster scientific relations 
n the United States and the Soviet Union. Many outside 
viet Union will be surprised by this development, not least 
nk Press, president of the National Academy of Sciences in 
ton. Earlier this summer, Dr Press announced his 
tion of travelling to the Soviet Union to breathe new life into 
defunct exchange programme with the Soviet Union. 
re Keyworth, President Reagan’s science adviser, said at 
(see Nature 10 May, p.105) that he was ‘‘surprised” at 
lopment. But then, with anxiety about the condition of 
sakharov mounting, Dr Press put off his visit. Other 
2s in the West have responded similarly to recent 
nents. In London for example, the Royal Society 
a formal invitation to last week’s conference in Moscow 
rate the twenty-fifth anniversary of the Institute of 
istry, now run by Academician Y. A. Ovchinnikov. 
t.Francois Mitterrand, as the world now knows, has 
-more direct way of dealing with a delicate problem of 
atic etiquette; last week, in Moscow to seek some basis for 
ing East-West negotiations on arms control, he spoke up 
Western anxiety about Andrei Sakharov — and had his 
$ on the subject censored from Pravda’s otherwise 

plete account of what he had to say. 


set up in Moscow. The Soviet intervention in Afghanistan: at tl 
end of 1979, ostensibly at the invitation of the governm 
Kabul, was a more serious setback; the then President Ca 

that as his reason for not sending the SALT II treaty to the 

for ratification, although by then it was already probable tha e 
would have been given a dusty answer. 

Serious interruptions of agreements on the East-West 
exchange of scientists date, however, from this time. So do the 
efforts in the United States to restrain the “haemorrhage” of 
Western technology to the East, with the variously grudging 
consent of Western Europe and Japan. The exile (to Gor’kii) of — 


he Andrei Sakharov, and his subsequent ill-treatment, seems to 
ak many to have a the last straw. 


“Neither East nor West has dealt rationally with the several sorry 
events in this unpleasant history. The principles that allowed 
Humphry Davy to go gallivanting in mainland Europe when 
France was at war with most other European states seem to. have 
been forgotten. Put simply, they are these. While national 
governments have necessarily become the chief sources of support 
for scientific research in all fields, governments have not by that - 
circumstance bought the scientific enterprise, which remains the - 
collective property of its practitioners. And while professional © 
people owe their national governments allegiance of the kind 
required by the civil law (which varies from place to place), they. 
also owe their profession the duty of acknowledging the inter- 
national character of what they do. East-West rivalry in military _ 
development and in the commercial exploitation of technology, 
unavoidable at some level, paradoxically must coexist with East= 
West interdependence in basic science. That is the simple truth 
that the Pentagon’s planners seem only with difficulty to have 
appreciated in their schemes for restricting visits for foreigners to. 
US laboratories. Exactly the same principle works in the opposite 
direction, Moscow’s puzzlement at the West’s indignation ONG. 
Sakharov notwithstanding. : 

The translation of these principles into practice should not beas _ 


~ difficult as it is often made to seem by the self-contradictions of 
- governments and the hesitancy of professional people. T 
- If the Soviet Union should send its military forces into o 
Afghanistan on a trumped-up excuse, shoot down a Korean civil 
aircraft or walk out of negotiations on arms control, that isno 


reason why the East-West migration of scientists should be 


constrained. But, naturally, visitors in one direction or the other, 
being adult electors as well as scientists, will or should be 
unrestrained in saying what they find objectionable in the policies 
of their hosts’ government. Because of the belief, common in the 


West and justifiable, that Soviet citizens are not always allowed to 
judge for themselves what is the truth about political 
developments, : 
should be cancelled or reduced at times when, in a small way, they 

might contribute precisely to the kind of enlightenment that is — 

supposedly lacking. It is, however, important that these opinions ` 
should be advanced only in ways consistent with local civil law. . 


and i in a manner that does not impede the chief purpose of a visit 


ually, in practice, means privately and not in publi 
about the. telative durability. of commut 





it is inconsistent that exchange programmes 



















“ment’s justification of its treatment of Sakharov is logical 
enough. That a senior physicist, with such important 
contributions to the Soviet nuclear weapons programme to his 
credit, should have lapsed into such outspoken criticism of Soviet 
military and social policies, 1 is regarded as disloyalty bordering on 
treachery. That view is consistent with the Leninist adaptation to 
‘modern times of the feudal Russian doctrine that people are the 
property of the state. (Soviet apologists for Sakharov’s treatment 
are forever saying that he remains a member of the Soviet 
academy, with the appropriate salary, but that is beside the 
point.) What the Soviet Union appears not to understand is the 
offence which has been given in the West by its treatment of a 
distinguished if now dissident scientist which, while falling short 
of outright imprisonment, deprives the scientific community of 
such contributions as he may still have to make. (It is, on the other 
hand, unreasonable that Sakharov and his wife should appear to 
be asking, in a state whose civil laws restrict the freedom of people 
to move elsewhere — Helsinki notwithstanding — to be allowed 
medical treatment in the West.) 

President Mitterrand seems to have sensed what these 
circumstances require with his statement in Moscow last week. 
There is every reason why lesser mortals should, in lesser ways, 

follow his example. The case is simply that it is a shabby way to 
treat a distinguished scientist, however troublesome he may have 
become, to pack him off to a provincial city out of touch with 
work, friends and colleagues. To say this when asked, and to 
volunteer the opinion should opportunity arise, need not cause 
rancour and may in the long run help Sakharov or at least the 
principles of civility. Better to seize the opportunity than to spurn 
it, either from embarrassment or in the belief that huffy silence 
will miraculously be more effective. 

That is the most tricky part of the West’s case for restoring 
East-West scientific relations. Let us hope that President 
Reagan’s rumoured intentions materialize —- and that the Soviet 
Union responds positively. But this time, at the umpteenth time of 
blowing hot, it is also important that the effort should be seriously 
intended. Nothing so permanently damages East-West relations 
as a set of formally negotiated agreements that is then vicariously 
abandoned because of some unrelated happening. So it would be 
useful to wring from the US Administration an undertaking that 
if East-West relations are now to be improved, there will be an 
understanding that they will not in future be put at hazard for 
political reasons having nothing to do with science. Although the 
US State Department has been quietly pragmatic in its 

administration of US-Soviet collaborations even in the past few 
difficult years, the simplest way of making sure that programmes 
now agreed continue Is to delegate responsibility for them entirely 
to the National Academy in Washington which, with egg on its 





reassurance. = 


New exams for old 
Britain’s plan to reorganize school examinations 
is sensible, but should be taken further. 


THE British Secretary of State for Education and Science, Sir 
Keith Joseph, last week found himself the unaccustomed object 
of extravagant praise from all quarters of the British educational 
> establishment. The occasion for this achievement, all the more 
remarkable in the atmosphere of ill-feeling left by strikes by 
. teachers (over pay) in the past few weeks, was Sir Keith’s decision 
_ finally to end the archaic and unfair two-tier system of 
examinations for 16-year-olds. For the past thirty-five years, 
<. there has been the ‘‘O”’ (for ‘‘ordinary’’) level of the General 
` Certificate of Education (GCE) and, for twenty years, the 
ertificate of Secondary Education (CSE) for generally less able 
: ‘he notion that the two systems: should be merged has 

ote imo: ng as they have co-existed. Five 
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Vest relations only with greater difficulty. ‘The Soviet Govern- | 















face since Dr Press blew hot, then cold, may be needing a little 


is ated pubs none the less woe on that account. TI p: 
of the prodigal son refers. Will the lessons that have been le 
painfully it appears, now be applied elsewhere in the 
educational system? 

Sir Keith Joseph’s scheme will by 1988 do away with the presen 
jungle of 20 separate examination boards administering 
astonishing 19,000 syllabuses for 16-year-olds. The confu 
they have entailed has brought the whole examination system in 
disrepute: it is widely known that (for whatever reasons) th 
standards of some boards are substantially lower than those-:o 
others, even when the qualifications awarded are nominally the 
same. The boards will now be brought together into five groups to 
administer a single General Certificate of Secondary Education. 
Examinations under the new scheme will incorporate 
differentiated papers or questions that will be assessed t 
nationally-agreed criteria, thus making them applicable over 
much wider ability range than the existing examinations. Studen 
will not therefore have to choose — or, more often, be pushed 
between examinations to which, for reasons of parental pride 
teachers’ convenience, they are not suited. National grade-rela 
criteria now under development will in principle allow a m 
objective interpretation of examination results — and are ind 
essential if the merger is to succeed. In a skilful compromise thal 
seems to have avoided the inevitable accusation that a chang 
result in lowered standards, Sir Keith has been able to g 
assurance that the performance represented by the three higt 
grades of the set of seven grades in the new examinatior 
correspond to those of the old “O” level. | 

Why has this apparently obvious rationalization taken sO 
to decide? The British Government has consistently made clea 
position that any integration of GCEs and CSEs would have 
wait upon an acceptable agreement on national criterii 
syllabuses and assessment procedures, and much effort has 
expended towards this end by the examinations boards. Des: 
few minor hiccups, such as the minister’s reluctance at theo 
to accept that a physics examination should include -si 
questions on social and economic issues, the draft criteria h 
won reasonably wide support. (Even so, its draft criteri 
biology at 16 includes no explicit reference to the theo 
evolution.) What has been achieved shows that a nat 
consensus on core subject content is feasible. 

So will Sir Keith stop now that he has brought a 
thoroughgoing revision of the national system of examin 
16? The existing advanced level examinations (A ” levels 
by those who choose to study until 18, are just as varied and 
much in need of revision, although their faults are differs 
effort to achieve more uniformity of content, nine ex 
boards offering ‘‘A’’ levels have put out a docume 
Common Cores at Advanced Level, but this represents li 
than the intersection of the separate syllabuses. And th 
have not yet been able to agree on even this much, wit 
other of them declining to accept such-and-such | a: to 
inclusion. Although the notion that the existing ** 
examinations provide an education that is too narrow 
important years between 16 and 18 is widely accepted, ver 
present state of anarchy, it is hard to see where a sensibler 
in the direction of more generality could start. 

The simplest solution would be to abolish this second 
examinations. But how then would the universities kni 
school-leavers are best-suited to be students? That: 
academics’ cry. There are two answers: provide: 
entrance examination (as, for example, in the Unit 
abolish the need for school specialization by not ex 
undergraduates to scamper through a first-degr 
three years. For most British school-leavers who d 
further education, some of the time and effo1 
saved by the ehmination of over-specialized teac 
schools could be usefully spent i in teac ing 


































































































negotiates on 


E National Aeronautics and Space Ad- 
istration (NASA) is bracing itself for a 
complex series of negotiations with 


surope, Congress and the space science © 


mmunity before it finalizes plans to build 

€ $8,000 million manned space station 
called for by President Reagan in his State 
of the Union message earlier this year. 

In Washington last week, a delegation 
from the European Space Agency (ESA) 
settled down for what is expected to be a 
ifficult round of talks with NASA about 

ost and scope of European participa- 
aegis under prose from Con- 


the Europeans, who are likely to ac- 
for between 15 and 20 per cent of the 
ign contribution, are expected to drive 
rd bargain. 
a meeting in Naples earlier this 
, ESA officials said their member 
iments wanted to be more than sub- 
tors; they would be willing to join 
ject only as full partners able to 
he expertise necessary to launch a 
f their own, perhaps a decade or so 
he US station is launched in 1992. 
avoid repeating their mistakes with 
, they are insisting on guarantees 
access to the space station and the 
o exploit it commercially. 
‘ign participation is not the only dif- 
question NASA has to resolve, 
or, Although Congress has agreed to 
de NASA with the $150 million it 
in 1985 for preliminary design 
, both houses have signalled that 
not yet fully convinced of the need 
elaborate permanently manned 
planned by the space agency. Bills 
d by the Senate and the House of 
entatives instruct NASA to set aside 
eral million dollars for “‘complement- 
design studies of a less grandiose 
an-tended”’ facility. 
Ome congressional champions of the 
e station objected to the requirement 
le complementary studies, arguing 
Id send ‘‘mixed signals” to the 
ipanies looking at the possibili- 
sting in manufacturing and 
space. But most members felt it 
o keep options open as long as 
ase budget retrenchment later 
shoud leave NASA with a 
} “hotel i in space’’. 
Nå SAh is = negotianng on a 


| space Corporation, 


the decision, space scientists have wasted _ 


no time in joining the planning effort to 
ensure that the scientific yield from the 
project is as great as possible. Earlier this 


‘month, a newly-established advisory com- 
_ mittee on the scientific uses of the space sta- 
| tion, under the chairmanship of Dr Peter 


Banks of Stanford University, recom- 
mended that the space station should be ac- 


Commercialization of space 
eee 


companied by : a flotilla of ‘compa 
flying modular platforms rather th n 
one or two large unpressurized platf tt 
envisaged by NASA. i 
A minority of membersof the committee 
is also anxious to persuade: NASA to cor 
plement the space station, , which is to mai 


tion of 28.5 degrees, witha 1 

platform in polar orbit. The polar mod le 
has been talked about within NASA but 
regarded as a prime candidate for cutting 
the event of budget difficulties: or 
escalating costs. The platform, regarded as | 
essential by the Earth-observation S 
sciences, is expected to cost at least $800. 
million. Peter David | 


Whoever will pay the price? 


Washington 

US BUSINESS corporations are asking for 
extensive government subsidies and risk- 
sharing agreements before agreeing to take 
up President Reagan’s call for the rapid 
commercialization of space. In Congress 
last week, leaders of three major aerospace 
corporations said that, without govern- 
ment help, the costs and risks associated 
with the exploitation of space are simply 
too high for it to be worth their while to be 
involved. 

The witnesses, from the Fairchild, 
Grumman and McDonnell Douglas 
corporations, are all members of. an 
industry-space commercialization com- 


mittee which recently submitted a swathe | 


of detailed recommendations to the White 
House. Although the report has not been 
published, it is clear that it calls for sub- 
stantial tax incentives, some form of risk- 
sharing agreement and enhanced private 
sector access to the facilities and technical 
expertise of the National Aeronautics and 
Space Administration (NASA), 

Mr Richard Kline, director of space 
station operations for the Grumman Aero- 
told the House. of 
Representatives’ subcommittee on space 
science and applications that the venture 
capital market rarely finances ventures 
costing more than $75 million and is too 
small to support significant investments in 
space. To help companies reduce their 
initial investment risk, he said, NASA 
ought to provide ‘‘seed money” for the 
development of initial projects and reduce 
the flight of shuttle rides. He also called on 
NASA to expand its effort in promising 
areas of basic research such as microgravity 
and high vacuum environments. 

Dr John Townsend, president of the 
Fairchild Space Company, said a number 
of complex fiscal and regulatory barriers 
would have to be removed before the 
private sector could exploit the full com- 
mercial potential of space. The major 
problem, he said, was that since space is not 


> | legally part of the United. States, capital 


2s based in spac do not qualify for | m 


the 10 per cent investment tax credit. Con-. 
gress, he said, should extend to all space 
ventures the special exemption it granted 
the commercial satellite industry in 1971. 
The White House is expected to consider 
the private sector’s shopping list in. con- 
junction with a separate report on. space- 
commercialization drawn up by NASA. 
itself but not yet published. Dr James 
Beggs, NASA’s administrator, admitted 
that publication had been delayed because 
of internal disagreements but dodged 
questions about its specific recommen- i 
dations. Meanwhile, he made it clear that 
all was not entirely well with NASA’s first - 
great commercial enterprise, its shuttle. 
launch business. l 
Mr Beggs has two major worries. On the : 
one hand, he is under pressure to reduce the 
price NASA charges for shuttle flights so 
that private companies trying to make a 


profit out of the United States’ newly- 


privatized expendable launch vehicles 
(ELVs) will be better able to compete. On | 
the other, he is afraid the Department of 
Defense (DoD), which was originally 
expected to account for a third of all flights 
in the 12-year life of the shuttle 
programme, may decide to divert a large- 
proportion of those flights to its own ELV | 
fleet. While officially describing its 
retention of ELVs as a “backup”, Dob, 


which has yet to fly its first military payload. | 


aboard the shuttle, has been hinting that 
ELVs offer a cheaper and more efficient 
answer to its needs. 

Only if DoD kept its military payloads 
for the shuttle, Beggs said, would the 


shuttle operation be able to recover its as 


direct (but not its research, development. _ 
and building) costs by 1988 or 1989. That. 
was later than expected, because’ 
commercial flights began three years later’ 
than planned and the market for the shuttle 
turned out to be smaller than expected. 
Nevertheless, he said, NASA would start. 
thinking, towards the end of 1986, abou 
the possibility of selling or givi a 
sou al to. ‘private comp 





| ther result ofa typographical mistake made 


research orant 


‘Washington 

PROFESSOR Karl Ilimensee, the embryologist 
at the University of Geneva accused of 
falsifying his nuclear manipulation ex- 
-periments in mice, has now lost his research 


ogrant from the National Institutes of 
< Health (NIH). The NIH action follows the 
finding by an international commission of 
“inquiry in January that errors and dis- 
< erepancies in Illmensee’s records had 
_. thrown ‘‘grave doubt”’ upon the validity of 
the experiments. The commission was 
“unable to substantiate or to dismiss the 
charges of deliberate fabrication. 

Earlier this year, Illmensee’s research 
grant from the Swiss National Fund was 
revoked. Illmensee has, however, resumed 
his duties at the University of Geneva. 

IlHImensee was supported by a $218,000 
NIH grant from May 1980 to April 1983. 
The grant had already been approved for 
renewal last year when the accusations of 
-data falsification surfaced. On 18 May 
1983, Ilimensee, at the urging of colleagues 
_who also obtained a now-disputed “‘con- 
- fession” from him, wrote to NIH to with- 
draw a sentence in the grant application 
-that he said had been included by mistake. 
NIH, concerned about the allegations of 
fraud and that the withdrawn sentence re- 
presented a ‘‘major element” of the 
research proposal, suspended the grant 
renewal. 

After reviewing the commission’s find- 
ings, NIH decided to terminate the grant 
application. The decision was taken by 
NIH director James Wyngaarden on 29 
May of this year, but only made public last 
week after Illmensee had been informed. 
Wyngaarden also ordered NIH not to 
award further grants to Illmensee for the 
same work until he can validate the dis- 
puted results. In addition, the commis- 
sion’s findings are to be provided to any 
NIH review group considering a future 
grant application from Illmensee. 

The NIH officials who studied the com- 
mission’s report and other available 
evidence said they could not decide 
whether the withdrawn sentence in the ap- 
plication had contained ‘‘an element of in- 
vention’’, as the commission suggested was 
possible. But in recommending the actions 
that Wyngaarden approved, they said that 
because of ‘‘documented deficiencies’, 
the grant should not be made. ‘‘In addi- 


tion, the application was written two years | 
ago and can no longer be considered an up- | 


- to-date, state-of-the-art proposal’’, the 
< NIH officials concluded. The officials also 
said that no further investigation of the 
matter by NIH was necessary. 

-In the withdrawn sentence, Hlmensee 


me ed that a a chimaeric nye had been } 


in the haste to complete the application. | 
After being pressed by the commission for 


an explanation of the actual origin of the 
chimaeric mouse, Illmensee attributed it to 
injection experiments involving another 
cell line; he also sent this revised explana- 
tion to NIH. But at the last meeting of the 


commission, in January, [iimensee said he | 


was no longer certain of that explanation 
either. 

The commission said ‘‘it is surprising 
that Professor Illmensee had to look 
through his protocols to discover which 
animal he was referring to in his original 
NIH application’’, and concluded that it 
was impossible to know which “‘if any” 
mouse was the chimaera referred to. 
Illmensee claims that the problem was one 
of two he has identified. 

Neither the commission nor the NIH of- 
ficials was able to draw any firm conclu- 
sions from the accusations of fabrication 
made by Illmensee’s colleagues at Geneva. 

Stephen Budiansky 


Australian IVF 


Orphan embryos 


Canberra 
LAWYERS in the State of Victoria are at 
sixes and sevens for lack of legal precedents 


for dealing with frozen embryos. The issue | 


has arisen because Mrs Elsa Rios and her 
husband, the parents of two frozen em- 
bryos, died in an airplane crash last year, 
leaving a grown son and an estate estimated 
at more than $1 million. 

Using in vitro fertilization techniques in- 
volving donor sperm, an unsuccessful at- 
tempt was made by Professor Carl Wood 
and his colleagues at the Queen Victoria 
Medical Centre in Melbourne, in June 
1981, to implant an embryo in Mrs Rios’ 
womb. She then returned to the United 


States and the two remaining embryos have | 


been kept frozen ever since. At present, 
under the common law, an embryo has no 
rights until it is born, and the State of Vic- 
toria will not enact a medically up-to-date 
legal prescription for questions of custody 
and inheritance from freeze-thaw embryos 
until the report of the Waller Committee 
on the whole subject appears in August. 


The Right to Life Association has urged | 


the state’s attorney general, Mr Kennan, to 
appoint a legal guardian to protect the em- 
bryos so that they may develop to maturity. 
Meanwhile, in Los Angeles, twenty-five 


| year old Mr Michael Rios, the son of Mr 


and Mrs Rios, is reported to have filed for 
guardianship. 

Professor Wood says that the embryos 
are unlikely to survive because the techni- 
ques used at the time they were frozen were 


| not as good as they are now, but no deci- 


sion will be made about their disposal until 
after the Waller Committee reports and 


compensation 


Washington F 
IF doctors, pharmaceutical companies ; and: 
the families of the victims have their way, 
will become the job of the US Governmen 
to compensate children who suffer damag 
ing reactions to immunization. With there 
cent announcement by Wyeth Labora 
tories that it will no longer produce per 
tussis (whooping cough) vaccine because of 
the increasing liability burden, pressure has 
intensified for congressional action to 
assure that manufacturers will still b 
willing to produce the vaccines needed an 
that victims are adequately compensated 
Pertussis, polio and measles-mump 
rubella vaccines are all now produced int 
United States by single manufacturers. 

Lawsuits against the companies are n 
common. About 60 of the 18 milli 
children immunized each year with 
combined diphtheria—pertussis—tetan 
vaccine suffer serious long-term b 
damage. The usual legal argument o 
victims is that the manufacturer or 
physician was negligent in failing to: inf 
them of the risks of the vaccine. In sot 
jurisdictions the manufacturer is respon 
ble even when not demonstrably neglige 
The companies have refused to disei 
publicly the cost of settling these suits. 

Under a legislative proposal drafte 
the American Academy of Pediatrics 
filed by Senator Paula Hawkins (Rep 
can, Florida) and Representative He 
Waxman (Democrat, California), a co 
pensation fund would be created ou 
surcharges applied to the vaccines. Vic 
would have the option of suing in th 
ventional way or of applying to the g 
ment for compensation throu 
administrative procedure. Bot. 
pharmaceutical companies and the R 
Administration would prefer a bi 
prevents victims from suing. 

Most of the childhood immuni 
vaccines used in the United States ar 
chased in bulk by the Centers for Di 
Control (CDC) for distribution te 
health authorities. The manufacturers } 
tray their production of the vaccines: 
public service, and claim they cannot rai: 
prices to cover the burden of ‘liabi 
without engendering public disfavour 
compensation bill, which would cover 
childhood immunizations, is in el 
legally-mandated price increase. 

It has been suggested that beh 
of the manufacturers’ complai 
liability is a dislike of the low pr 
of the vaccine business as com 
patentable drugs. ws 

Vaccinations are mani 
children enter school in the 


j CRC ¢ estimate that the 
a after ela elma with the executors of ba 
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: Minister Yasuhiro Nakasone has 

to unexpectedly fierce opposition to 

lans to set up a special commission to 

rm Japan’s educational system. To 
ush the necessary bill through the Diet, 
ether with the bill for “privatizing” 
japan’s telecommunications monopoly 
(see Nature 308, 678 and 763; 1984) and 
some other controversial bills, Nakasone 
esorted in mid-May to an extension of the 


50-day Diet session by a further 77 days. 


ut opposition parties immediately 
sponded with a boycott of Diet proceed- 
ings that lasted until mid-June. Debate has 
y just begun again, and it is still uncer- 
tain whether it will be possible to get the 
passed in the extended Diet session. 
Aoves to reform the educational system 
varticularly to prevent the university en- 
ance examination hell — are certainly 
ular enough among the general public 
id Diet members. They jib only at Naka- 
nsistence that it should contain only 
mbers appointed by him without the 
for Diet approval (‘to ensure neutral- 
that it should carry out its delibera- 
1S in private (‘‘to avoid outside 
e“) and should report directly to 
self rather than to the Diet. Under these 
ditions, the major opposition party, the 
Socialist Party, believes that the 
sion will simply be a rubber stamp 
kasone’s personal views on educa- 
reform. 
or the universities, Nakasone’s ideas of 
are likely to centre on lessening the 
ortance of the entrance examination. 
esent, university entrance is simply 
ned by total test scores in school- 
examinations. Once entry has been 
very little further is expected of 
ents — giving rise to the view of univer- 
as a ‘‘leisure land’’. 
akasone’s opinion, as spelled out in his 
‘A new theory of conservatism, is that 
uld be reversed and that universities 
ld be ‘easy to enter but difficult to 
e from’’. He also believes that the 
sity system should be far more flex- 
for example by allowing students to 
sfer credits from one university to 


other — a move that might well help to - 


ak down the overwhelming advantage 

nat Tokyo University graduates have in 

ding jobs. The problem is that much of 

kasone’s plea for more ‘‘choice’’ seems 

n there being more private educa- 

oth at school and university levels; 

ate universities, according to their 

eleased white paper, already see 
ahead. 

han a third of all high-school 

going on to higher education, 

of undergraduates will increase 

en 1986 and 1992 when the 


will decline sharply. The private univers- 


‘ities point out that they need government 


support if they are to expand for a six-year 
period to take the extra students and then 
contract again. At present, the only way 
they would be able to cope with extra 
student numbers is by reducing the quality 
of education. Nakasone’s reforms are thus 
becoming entangled with the level of state 


support — now declining — for private 


universities. As it is believed that Nakasone 
wants to appoint the present head of the 
private Universities Federation to leader- 


ship of the reform commission, the state 


universities believe that the whole reform 
plan might end up robbing them of funds. 

The most vociferous opposition to the 
establishment of the commission has come, 
however, from the school-teachers’ union 
Nikkyoso. The union claims a membership 


of 71 per cent of the primary and junior | 


high-school teachers (though the Ministry 


of Education says the real figure is $1 per | 


cent) and is left-wing in its views. At its 
annual convention last week — which 
required the presence of 2,500 riot police to 
prevent disruption by right-wing extremists 
as in the past two years— it decided to have 
nothing at all to do with the commission. 
Nakasone had been hoping that he could 
win support by having a Nikkyoso re- 
presentative on the commission. 

The union is naturally worried by the 


emphasis Nakasone places on ‘moral | 


education’’. In March for example, he said 
in the Diet that “patriotism and the 
traditional Japanese respect for one’s 


parents should be taught at school’’. Tothe | 


left wing this seems too much like a return 
to the nationalist education that existed 
before the Second World War, and its 
members claim that signs of a swing to the 
right can be seen already. 

The contents of school textbooks seem 
to be being more tightly controlled this year 
and the Ministry of Education has been 
accused of using its powers to dilute the 
facts of the darker side of Japanese history. 

For Nakasone, much more rests on the 
successful passage of the bill than his own 
personal interest in educational reform. In 
November, he has to face the bi-annual 
elections for the Liberal Democratic Party 
leadership, success in which assures that he 
continues as prime minister. Despite his 
popularity abroad and his emergence as 
Japan’s first international statesman, his 
performance at home has been lacklustre. 
He will be judged by his fellow party 
members mainly by his ability to handle the 
Diet, but in this session he has failed to geta 
single major bill through (although a 
measure to increase Diet members’ salaries 
passed with great speed). As well as 
the educational and telecommunications 
bills, bills to reform the health system and 


| the electoral system are waiting. 
ie es ess &.. Alun Anderson 


e- . 
UK-Chinese 
@ @ : D : 
joint venture 
A COLLABORATIVE research project on th 
geology of the Tibetan Plateau has | 
announced by the Royal Society of London 
and the Chinese Academy of Sciencés. 
will run for two years from 1 July, witht 
actual fieldwork taking place in the sum- 
mer of 1985. Fourteen Chinese scientists. 
and twelve from the West (largely from the 
United Kingdom), under the leadership of 
Professors Chang Cheng-Fa, R.M. 
Shackleton and J.F. Dewey, will spend 
eight weeks covering more than 1 ,000km in 
perhaps the most inaccessible part of the 
world. The estimated cost of approximat 
ly £350,000 is being shared roughly equ. 
between the two academies, with tk 


Chinese providing the back-up for the e: 


pedition. ee 

Scientifically, the project is comple- 
mentary to the joint French—Chinese i 
vestigations in southern Tibet in 1980-83, 
as a result of which earth scientists now 
have a better understanding of the 
mechanisms of formation of the 
Himalayas and other linear mountain 
belts. In contrast, the means by which vast 
areas of relatively undeformed rocks can be 
uplifted (to an average elevation of 5 km in 
the case of the Tibetan Plateau) are still 
obscure, in spite of theories based largely 
on consideration of the rheology of the 
Earth’s crust. The Anglo-Chinese project 
should provide the hard facts against which 
these theories can be tested. 

The project involves a 1,000-km traverse 
from Lhasa to Golmud, on the northern 
edge of the Tibetan Plateau. Geologically, 
Lhasa sits on a block representing the 
southernmost part of Asia, at the junction 
with the Indian block to the south. North. 
of the Lhasa block, the geology is poorly | 
known, although a number of crustal units 
have been recognized. Only painstaking 
fieldwork, building on the reconnaissance 
surveys of the host nation, will clarify the 
relationship between these units. | 

The major results of the French-Chinese = 
work relate to the past 20 million years, 
although reports of the second expedition 
in 1981 (see Nature 307, 17-36; 1984) sug- 
gested that Tibet may consist of pieces 
broken off Gondwanaland, which moved 
north in advance of India, perhaps in suc- 
cessive waves, and eventually collided with 
Eurasia. The British aim to delve deeper 
into the past, using predominantly palaeo- 
magnetic and faunal studies, to the earliest 
separation 150 million years ago in the late 
Jurassic. The detailed histories of these | 
continental fragments may be better 
known as a result of the new project. 

Negotiations started in 1981 and the pro- 
gramme is regarded as a landmark in th 
continuing expansion of collaborative pro- 
grammes between the Royal Society and 
he Chinksé Acädeiny. . 





















Decisions later 


‘Waalre, The Netherlands 
THE Dutch preoccupation with nuclear 
energy, military and peaceful, will con- 
tinue for at least another eighteen months. 
hat is the effect of the decision of the 
jutch Parliament on 13. June that a final 
decision on the siting of US cruise missiles 
in the Netherlands will be made only at the 
end of 1985. The Netherlands is the only 
<- country out of step with the policy of the 
North Atlantic Treaty Organization 
(NATO) in this respect. 
Never has a subject been discussed so 
_ feverishly in the Netherlands. Only the 
= political parties on the right (conservatives 
© and four smaller parties) are in favour of 
deployment of the missiles, but, according 
to opinion polls, voters are against the 
siting plan, On the left, the socialists and 
‘three small parties are against, as are the 
‘great majority of their voters. The role of 
‘the Christian democrats, which together 
with the conservatives form the govern- 
ment, is especially confusing. Their voters 
‘are sharply divided, and they are under 
heavy pressure from the churches which in 
advance of 13 June issued declarations ask- 
ing the government not to install the 
missiles and in the process offended some 
church people who hold that the declara- 
tions were ‘‘too political’’. 

Similarly, the development of civil 
nuclear power in the Netherlands is on ice, 
with more than half of the population 
against it. There are two small nuclear 
plants (of 60 and 470 MW) now operating, 
and ten years ago the government proposed 

- building three 1,000-MW plants. But that 
plan was shelved after a year and a half 
because of the strength of the opposition, 
unabated by the oil crisis. But discussion 
continues, with the churches and the en- 
vironmental movement playing a promi- 
nent part. 

Earlier this year (see Nature 307, 405; 
1984), it seemed the issue had been settled 
by the report of the officially organized 
public consultation which in the previous 
two years had gathered evidence for its con- 
clusion that further nuclear plants are now 

necessary and that combined heat and 
power schemes, in industry and domestic 
applications as well as wind power, should 
replace obsolete plants in the 1990s. But 
now it seems that the government is 
brooding on plans to expand nuclear 
capacity by 4,000 MW, and leading 
newspapers have been complaining that 


























the government itself had organized. 

The government’s plans for nuclear 
`- power will in fact be published in 
. September but meanwhile the minister of 
economic affairs, Gijs Van Aardenne, who 
was unenthusiastic about the report on 
yuclear power ernie in areas does 











this overrides the democratic consultation | 


| activities, 


power plán; is also a nisi 


for democracy in the Netherlands. 


Although the debate about the missiles will 


continue for 18 months, it is barely con- 
ceivable that the Netherlands will not 
follow its NATO partners, despite five 
years of public demonstrations and social 
unrest. And the development of nuclear 
power may follow the same route. 

Casper Schuuring 





UK science budget 


Money needed 
THE British Government’s advisers on the 
share-out of the civil science budget have 
warned Members of Parliament of the dire 
consequences for the nation’s research 
enterprise unless greater provision is made 
for science over the next decade. 

The House of Commons Select 
Committee on Education, Science and the 
Arts, which has started an inquiry into the 
science budget, heard last week from the 
Advisory Board for the Research Councils 
(ABRC), represented by its chairman, Sir 
David Philips, Dr Walter Bodmer, director 
of research of the Imperial Cancer 
Research Fund, and Dr Derek Roberts of 
General Electric Company Ltd. On the 
basis of published government expenditure 
estimates, ABRC predicts that the real 
value of scientific research is set to decrease 


| by 25 per cent over the next decade. 


This stark prediction arises from a 
number of effects that diminish the value 
of the research budget, which at first sight 
is planned to remain roughly constant in 
real terms. Firstly, according to ABRC, the 
science vote has had largely to compensate 
for an 11 per cent cut in recent years to 
university support of science from the 
University Grants Committee. Secondly, 
the Treasury’s assumed annual cash 
increase for the science vote, which 
decreases from 3 per cent per year to 2.5 per 
cent per year over the next decade, is fully 2 
per cent less than the Treasury’s estimated 
annual increase in the retail price index. 
This alone would produce a decrease of 17 


| per cent over the 10 years in real terms. 


On top of this, there is the problem of 
superannuation payments for the 
increasing number of retired research 
council staff. And the perennial problem 
of subscriptions to international organiz- 
ations still remains. 


science had lost out in recent years in 
relation to other publicly supported 
while the increasing 
sophistication of scientific equipment has 


meant that the same amount of money — 


bought less. And they were disturbed that 
the government’s published expenditure 
plans include no special peterence t to the 
value of science in the economy: 

“Ti 









So the months ahead will be another test | 


| British emissions of sulphur dioxide, 


| Charles River Breeding Laboratorie 
back her career. Dr Brenda Kahan 


ABRC members 
| emphasized last week their conviction that 


ssf problem: 








THE British reputation for waywardnesst in 
the eyes of many Europeans seems unlikely ‘ 
to be improved this week at the World Co 
ference on the Environment, taking place 
in Munich at the behest of the government. 
of West Germany to discuss ways of com- 
bating atmospheric pollution. At the 
opening session on Monday, Dr Martin — 
Holdgate, chief scientist of the British | 
Department of the Environment, declined 
to give any firm commitment to reduce 


















































saying only that a range of measures. was 
being considered that would allow Britain 
to reduce emissions “in a cost-effectiv 
way”. 

In Germany, acute concern over damag 
to forests is leading to pressure for drasti 
reductions in acidic emissions, chie 
sulphur dioxide from power stations an 
nitrogen oxides. But Dr Derek Pool 
chief scientist at Britain’s Departme 
Energy, said last week he was “convin 
that sulphur dioxide was not the m 
culprit in causing damage to forests”, 

A major study on acid deposition put 
lished last week by the department’s energ 
technology support unit emphasizes tł 
uncertainties. Forest damage appears. i 
to correlate well with sulphur dioxide c 
centration when dry deposition from lo 
sources is excluded. But above an altit 
of 600 metres, which is where most of 
damage occurs, photochemically produ 
ozone can reach sustained and high 
centrations. Although no mechanism. 
ozone damage is known, one suggest 
made in the Department of Energy’s: 
is that ozone causes damage to leaf cu 
which in turn allows leaching of: 
nesium as the pH falls. But Dr Bill Bin 
the Forestry Commission, who has 



































































































































































































































Cost of impure mic 


Washington 
A UNIVERSITY of Wisconsin researcher 
won an out-of-court settlemen 































mix-up of mice that the researcher Sait 
caused her to waste a year’s work and 


receive an undisclosed monetar 
ment; in addition, the University of 
consin will receive $40,000 from Ct 
River as compen for rese T 






esearch: Two-thirds of that | S 
suppor Kahan’ s research. 


believed Dey were e getting | 
The company says it has nov 







ck to rule out a role 


ny, is not so q 
Iphur dioxide. He emphasizes that 
sccult”” precipitation — fog and mist — 
in be much more acidic than rain and may 
ay a part, perhaps in conjunction with 

er stress factors. 

f there is still mystery over the 
“Mechanism of damage to trees, the 
-mechanism of damage to fish in fresh water 
-is rather better understood. It seems that 
elevated levels of inorganic aluminium may 
be a major cause of mortality. But the 
_ chemical changes that will occur in a body 
of water subjected to acid deposition 
within its catchment area are greatly 


_affected by the nature of the soil and bed- 
Tock, as well as by the type of vegetation 
present. It is clear that coniferous trees, in 
particular, can efficiently filter out acids 
rom the air and release these in solution at 
the next rainfall. The Forestry Commission 
Britain is already investigating 
gement practices that may reduce 
elease into streams. 


fect acid depositions, the precise 

bution of blame is difficult or 

»ssible. Motor vehicles, for example, 

ong with power stations may be 

ndirectly) a major source of ozone, 

irough their emissions of nitrogen oxides. 

the British contingent at Munich this 

will doubtless be able to make much 

w estimates published by the Depart- 

of Energy of the proportion of 

-emitted sulphur dioxide that finds 

ay to other countries: 3.6 per cent to 

ermany, 4.4 per cent to Norway and 

eden combined, while almost 30 per cent 
sin Britain. 

Vhile the British Department of Energy 

s on the quantitative uncertainties of 

deposition, the Nature Conservancy 

ncil, which also last week published its 

on the matter, takes a somewhat 

nt line. It argues that acidification 

S Species diversity in aquatic systems 

at the only long-term solution to the 

nis therefore to reduce emissions of 

nur and nitrogen oxides. And it is 

ed to the policy of liming affected 

raters on the grounds that the practice will 

e long term bring its own undesirable 

cts. 

The British Government seems likely to 

d itself increasingly isolated over acid 

issions. The government is commited to 

ly before the end of the current 

‘liamentary session to the latest report of 

Royal Commission on Environmental 

lution, which urged that the Central 

ctricity Generating Board should intro- 


ye 


is Shortly to report on the results 
tiry into ‘‘acid rain’’, which, it 
ed, will not take a complacent 


ms likely that political pressure | 


long force some government 


ironment of the House of | | 


Pesticides 


New chemicals 


‘under fire 


| THE latest returns in a two-year survey of 
| the British barn owl population suggest an 


even greater population decline than had 
been feared. Ten years ago there were some 
4,500-9,000 pairs in England, Scotland 
and Wales and now, after 18 months of the 
‘Barn Owl Survey” organized by the 
Hawk Trust, the indications are that the 


| overall decline has been at least 10 per cent, 
| with much greater reductions in many areas. 


The only areas where there has been little 
decline are in Scotland, where the Forestry 
Commission’s activities have provided 
some additional refuge for the dwindling 
population. The population estimates, 
however, are becoming increasingly inex- 
act as the numbers involved get smaller. 

The continued decline of the barn owl is 


| thought, says Colin Shawyer of the Hawk | 


Trust, to be a result of the use of new 
rodenticides by British farmers. 
Difenacoum and brodifacoum have been 
growing in popularity in the past few years, 
steadily replacing warfarin, which is 
known to be relatively non-toxic to species 
other than rodents. Brodifacoum is 
thought to be especially toxic to birds and 
for that reason has not been given full ap- 
proval by the Ministry of Agriculture, 
Fisheries and Food under the Pesticides 
Safety Precautions Scheme. 

Some of the evidence for the effects of 
the new pesticides comes from Malaysia. 
On some oil palm plantations, the com- 
bination of warfarin and the wild barn 
owls, encouraged by the provision of 
nestboxes on poles throughout the planta- 
tions, has effectively controlled severe rat 


infestations. But even on estates where | 


there has been no evidence of warfarin 
resistance, the new pesticides have been 
tried. And, says the Hawk Trust, barn ow! 
numbers declined so rapidly that the estate 
managers went back to the old methods. 
In Britain, some farmers have reported 


tothe Hawk Trust that barn owl 


disappear from their farms soon aft 
Started using the ‘‘second generation’ 
dent baits. And a veterinary suri 
reported that a barn owl thought to be ¢ 
ing from the effects of difenacoum poiso 
ing was successfully treated by the vi 

K antidote to the pesticide. a 

Much of the evidence on pesticide toxici 
ty is circumstantial, the Hawk Trust co 
cedes. So the urgent need is for mor. 
research on the effects of the new chemical: 
on non-target species. Charles Wenz 
Irreproducing ibis 
Tokyo | 
EFFORTS to save Japan’s Nipponia Nippon =. 
(the Japanese crested ibis or “‘toki’’) seem 
doomed to failure after a romance between — 
two of the remaining birds — Kin (the 
female) and Midori (the male) — ended ina 
mid-mating season fight. As Kin is now, in 
human terms, around 80 years old. tl 
chances of a successful mating next year 
thought to be close to nil, although h 
mones are to be administered in the hope of 
keeping her in breeding condition. 

The toki, a large white bird with a 
characteristic long downwardly curved ` 
black bill and a red face, was a common 
sight in wet paddy fields and ponds | 
throughout Japan and parts of east Asia as 
recently as one hundred years ago. But a 
catastrophic decline in their numbers this 
century led to their being given special — 
status in Japan in 1934. The war prevented 
any serious conservation measures, how- 
ever, and by 1953 only 31 birds remained. | 

In 1966, special measures were begun but 
numbers continued to decline so, in 1981, 
the remaining five wild birds and one cap- 


tive bird were removed to a breeding centre 
on the island of Sado — where in bygone 
days troublesome cadet branches of the im- 
perial family were exiled so that their lines 
might disappear. Two birds died but hopes 
rose in 1983 when two of the remaining | 
four birds paired. The female died, 
however, from a blocked fallopian tube > 
shortly before she laid her eggs. es 
This year, the romance between Kin and 


Midori was followed closely but to no 


avail. As well as being in ripe old age, Kin, 
having been reared in captivity, apparently 
did not take too well to Midori, who had 
ied a life in the wild until 1981. | 
The Sado Island Toki Centre is now to 
advance research on artificial insemination 
as fast as possible, but researchers doubt 
whether practical methods can be 
developed in time. Hopes for saving Nip- 
ponia Nippon from extinction now rest 


largely with the Chinese. In 1980, seven 


birds were found in China, raising the 
known numbers there to fourteen — the p 
same as the number remaining in Japan. _ 
There have been occasional rumours of | 
sightings in Korea and the southeastern 

Soviet Union, but none has bee "i 
firmed., — Alun Ar 


And 









Science and research in India 


corrupt politicians and officials poison 
social progress only slowly, but corrupt 
teachers and particularly scientists can 
spoil generations. No nation should aim at 
nurturing mediocrity, whatever its national 
beliefs. 






















"Sır — You say in your study of science in 
ndia that there is no dearth of funds. That 
is true. Organizations such as ICMR, 
CSIR, DST and UGC have enormous 
funds. But how much of this money goes to 
deserving people? Who, in any case, is 
deserving? In my opinion, those who 
deserve research funds are those who have 
worked in a specific area. Yet as things are, 
persons who have never seen tribes, never 
travelled in forest areas and have not work- 
ed on any aspect of anthropometry, 
_haemoglobinopathies or population 
- genetics may be allowed to spend 5 million 
rupees at the expense of investigators with 
relevant experience. 
Last year, I asked a senior official of a 
_ major funding agency about this practice. 
His chilling answer was that ‘‘we do not 
© wish even to look at projects costing less 
than three lacs’’ (300,000 rupees). He fur- 
ther added that nothing can be done in 


H. K. GOSWAMI 






Department of Genetics, 
Bhopal University, 
Bhopal-462 026, India 






SiR — In my experience Indian scientists 
have the zeal and energy to succeed, but are 
handicapped by limited facilities and ex- 
perience. The majority of institutes in In- 
dia are sub-standard and producing grad- 
uates with limited practical knowledge, as 
boldly accepted by Dr Subramanian 
(Nature 307, 206; 1984). One reason for 
this is that institutes away from the centre 
suffer step-mother treatment. The centre 
and the University Grants Commission, 
the two main funding authorities, are too 





















































rupees. The truth is that there appears to be 
no remedy. 

In India, there are few first-rate 
academic institutions when compared with 
- the enormous number of students gradua- 
ting every year. The general decline of 
students’ interest in higher studies and the 
mushroom growth of colleges everywhere 
are unrecognized impediments to India’s 
progress. The tolerance and even the 
cultivation of corrupt practices in the name 
of democracy is rampant in all universities 
and colleges, and in the publication of 
research work, as discussed in your report. 

In my view, four out of five of our 
universities do not have enough money to 
support the basic necessities of modern 
science education, despite modest support 
from the University Grants Commission. 
The first reason is the apathy of state 
governments towards higher education, 
the second, the outlook of the bureaucrats 
who control events and, the third, the in- 
competence of the vice-chancellors. 
Nowhere in the world have vice- 
chancellors such an uncertain future (they 
are replaced so often) and so little power. 
Even those with vision and ability can be 
quickly cowed by an under-secretary of the 
state government on any trivial matter. The 
exchange and extraction of mutual benefits 
is rife in the entire university education 
system. So I would modify Nature’s slogan 
“Excellence in the midst of poverty” to 
“Excellence against all odds” 

My twenty years of teaching experience 
lead me to conclude that most talent is 
distracted from research. Many faculty 

positions, research scholarships and senior 
_ fellowships are lying vacant and at least 60 
per cent of research scholars leave research 
fellowships before completion. Nobody 
acknowledge. that fak of the 


the institutes governed by the centre, or 
by centrally located organizations who 


directly. 

To obtain a research grant in India, one 
has to be not scientifically orientated, but 
politically motivated. The system brings 
non-scientifically minded individuals to 


scientific compatriots from abroad, and 
cannot see their local colleagues rising 


work. Dr Balasubramanian (Nature 307, 




























see establishments which lack the basic 
necessities to teach or initiate scientific 
research. 


standard, and to import foreign goods, 


on essential consumables of research. 


through customs. 
Admittedly, India has its nuclear and 











` Department of Human Genetics, 


Newcastle upon Tyne, UK 





easily influenced by individuals heading 


can approach the funding authority 


the top who are against the return of their 


quickly unless they share the credit for their 


321; 1984), sitting in one of the central in- 
stitutes, has perhaps never had a chance to 


scientist, the late Professor S.K.. 


The main problem facing the plan to site | , 
FRS, established the Institute of | E 


an international centre in India (Nature 
305, 350; 1983) is that of supply of basic 
chemicals. Local products are not up to 
Calcutta, 
even after going through the red tape, one 
may have to pay 110 per cent customs duty 


Sometimes it takes days to get supplies 


space programmes to show the world but I 
do not agree with the claims of Dr 
‘Balasubramanian, who is perhaps unaware 
of the high prevalence of leprosy, tubercu- 
losis and other communicable diseases in 
the very state where he is working. India 
must concentrate on educating society and 
research programmes should aim directly 
to reduce such human suffering. Many ex- 
patriate Indian scientists may wish to go 
back and the idea of a technology city is 
very rosy to them, but unless this city is] 0 © 
controlled by a scientist with special powers | Peico Elec 


over the world. 


| borado. “with international scien 
should be promoted. 








S. S. PAP; 








University of Newcastle upon Tyne, 






SIR — In your otherwise interesting survey 
you were not able to give much time to the 
decaying but historical city of Calcutta, the 
first capital of British India, and the cradle. — 
of modern science in India. You rightly __ 
mentioned the late Sir J.C. Bose, the first __ 
Indian physicist FRS (1920) and his Bose: 
Institute, founded in 1917 onthe modelof 
the Royal Institution of Great Britain. You. 
also mentioned the late Professor S.N: 
Bose, FRS (of Bose-Einstein statistics) and 
his institute. But you omitted to mention a 
giant of Indian science, the late Professor. 
M.N. Saha, FRS, a class-mate of the late 
S.N. Bose. It was after their joint Eng 
translation of Einstein’s relativity papers iñ 
book form (published by Calcutta Univer- 
sity) that Professor Bose was able 
continue his work on his chosen subj 
while at Dacca University. 

Professor Saha (the hid T 
physicist FRS elected in 1927) made h 
impact on the world of astrophysi 
through his famous thermal ionizatio 
work in 1920, and became the first Khe 
Professor of Physics, Calcutta Universit 
in 1921. After a spell at Allahat 
University on his return to Calcutta in 
Professor Saha installed the first Inc ] 
cyclotron at what is now the Saha Insti 
of Nuclear Physics, inaugurated by th 
Madame Joliot-Curie in 1951 with S; 
the founder-director. This institute 
built the first electron microscope in I 
and now has a thriving biophysics divi 

In the premises of the Calcutta Uni 
sity Science College another great Inc 


















































































































Physics and Electronics. 

Third, at the Presidency Col 
the late Professor 
Mahalanobis built the nucleus o 
Indian Statistical Institute. It was 
Presidency College that the first. 
chamber for cosmic ray studies w: 
constructed by Professor Rajen Sengupt 
then a student of the late P.M.S. Blacket 

Finally, at Calcutta today the most acti 
centre for scientific research is the € 
of Advanced Study on Cell and Chr 
some Research, directed by Profess 
Sharma (in collaboration with hi 
Archana Sharma), at the Dep; 
Botany, Calcutta University. 
Sharma’s new technique for th 
the physical and chemical 
chromosomes has been widel: 








































































MICROBIAL DEVELOPMENT 
onograph 16 


Edited by Richard Losick, Harvard Uni versity 
Lucy Shapiro, Albert Einstein C ollege of Medicine 


IG HARBOR LABORATORY 


This monograph addresses genetic and molecular analyses of cellular differentiation, cell-cell communication, and morphogenesis in 

: prokaryotic and eukaryotic microbes. A special feature is the comparison of similar biological problems posed by very different 

= experimental systems, such as cell division in £ coli and Caulohacter, spore formation in Bac illus and. Streptomyces, cell-cell 
communication in Streptococcus and Saccharomyces cerevisiae, and social and symbiotic behavior in myxobacteria, Dictvostelium and 
Rhizobium. The volume conveys the exciting concept that diverse systems share common mechanisms to solve. problems inherent in cell 


differentiation and communication. 


August 1984, 328 pp. (approx.), illus., index 
Cloth $52 ($62.40 outside US) 
om Paper $28 ($33.60 outside US) 


LAMBDA II 


Monograph 13 


Edited by Roger W. Hendrix, University of Pittsburgh 
Jeffrey W. Roberts, Cornell University 
Franklin W, Stahl, University of Oregon 
Robert A. Weisberg, National Institutes of Healthc 


AM BDA H, successor to the highly successful Bacteriophage 
Lambda published in 1971, covers the entire field of A biology, with 

mphasis on the considerable advances made in the past decade. All 
chapters have been rewritten to provide an up-to-date reference for 

orkers in the field as well as.a coherent presentation. of A biology 

r graduate students and established investigators in other fields. 

NCLUDES THE COMPLETE NUCLEOTIDE SEQUENCE OF 

HE AGENOME. 


) 83, 694 pp., illus., appendixes, index 
iS N 0-87969-150-6 


th $78 ($93.60 outside US) 


onograph I4 


i ed by Stuart M. Linn, University of California, Berkeley 
Richard J. Roberts, Cold Spring Harbor Laboratory 


JCLEASES i is the only volume available to date that gives com- 
shensive coverage of the entire nuclease field. It provides a single 
ce that covers the properties of the various nucleases, the rele- 
nce of those properties to the biological phenomena i in which the 
rymes participate, and illustrates, where appropriate, their useful- 
es as reagents, Fully referenced and containing appendixes listing 
restriction endonucleases, deoxyribonucleases, and ribonucleases, 
NUCLEASES will be a basic reference source for molecular biolo- 
gists who use these enzymes as research tools and for phenomenolo- 
ists who need to know the relevance of nucleases to the biological 
systems they are studying. 


982, 378 pp., illus., colorplate, appendixes, index 
ape 0-87969- 155-7 


LC 84-9599 


ISBN 0-87969-172-7 = 
ISBN 0879691775; 7 


THE MOLECULAR BIOLOGY OF 


THE YEAST SACCHAROMYCES 


Monograph IIA & | 1B 


Edited by Jeffrey N, Strathern, C jld Spring Harbor Laboratory | 
Elizabeth W. Jones, Carnegie- Melion University 


James R. Broach, State University of New York at Stony. 
Brook 


Because of the ease with which TE ER can be manipulated 
genetically, a large body of data regarding the biochemistry and 
genetics of yeast has accumulated: the cell and life cycles of yeast 
have been the subject of extensive mutational, biochemical, and 
cytological research: and basic questions concerning gene organiza- 
tion, regulation of genetic expression, and moveable genetic ele- 
ments are being fruitfully approached. All these topics are reviewed 
and interrelated in the two books that make up THE MOLECU- 
LAR BIOLOGY OF THE YEAST SACCHAROM YCES. 


Life Cycle and Inheritance: 
1981, 751 pp., illus., 
appendixes, index 
ISBN 0-87969-139-5 ISBN 0-87969-149-2 
LC 81-68895 LC 81-68263 
Cloth $86 ($103.20 outside US) Cloth $86 ($103. 20 outside US) 
Set $149. 50 617. 40 outside US) 


1982, 692 pp., illus., 
appendixes, index 


| GENE FUN CTION N IN 
PROKARYOTES 


Monograph 15 


e Edited by Jon Beckwith, Harvard Medical Schoal 


Julian Davies, Biogen, SAL 
Jonathan Gallant, Universit y 7 Washington, Seattle 


Dedicated to Luigi Gorini, this book covers developments i in the. 
biology of prokaryotes that reflect his. research interests in a variety ` 
of areas such as gene regulation, ribosome. function, translation of 
| the genetic code, and protein. secretion from cells. In addition to 
_ paying tribute to Gorini’s foresighted contributions i in these fields, 
-the book provides up-to-date reviews by experts in the field and il- 
-_lustrates how, in a number of areas, prokaryotic studies provide 


models for the analysis of eukaryotic systems. 


1984, 328 pp., illus., index 


ISBN 0-87969-164-6 
LC 83-15229 
Cloth $52 ($62.40 outside US) 


COLD SPRING HARBOR LABORATORY 
P.O. Box 100NM, Cold ae Harbor, New York 11724 


“Orders for Japan: University of Tokyo Pres Ks 


s Bunkyo-ku, 113-91 Japan. 
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e Wild type phages New Tools 
grow on a variety for Cloning 


host cells and Sequencing 


Pharmacia P-L Biochemicals 
z announces the newest additions to 
: 2 new cloning its comprehensive line of products 
sites: Sph I and for M13 cloning and sequencing— 
Kon I Mi3mp18 and Mi3mpiy. Unlike 
Apn previously available M13 vectors 
which contain double amber 


° Compatible with aff | mutabons, Ml3mp18 and Ml3mp1l9 
are wild type phages. This allows 


M13 primer S them to be propagated on E. coli 
M105 which lacks restriction and 


See our 1984 Product Reference modification systems, and does not 


Guide for information on our full contain the Pl lysogen which was 
line of M13 products! recently discovered in the amber 


suppressor strain JM103. 


This new generation of M13 vectors 
will be most appreciated by those 
investigators who are constructing 
cDNA libraries in M13 or inserting 
large (greater than | kb) DNA 
fragments which have not 
previously been cloned in an E 
coli K12 host. It has sometimes 
been difficult to obtain full-length 
clones of large DNA fragments in 
the previous M13 vectors since the 
fragments could be degraded by 
the JM103 host. Use of the JM105 
host with Mi8mpl18 and Mi3mpl9 
eliminates this problem. As a 
service to the researcher, our 
Mi3mp18/Ml3mpl9 vector kat 
product #27-1551-01) is supplied 
with a culture of JM105. 


sh 


es 


For more information, contact your _ 
local Pharmacia Fine 
Chemicals/Pharmacia P-L 
Biochemicals representative or 
write to one of the addresses 

below. 
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ights hidden under bushels 


ochemists are not alone in failing to make clear the elemen tary assumptions on which they work. i 


ne result is that what they do is under-appreciated. 


FEOCHEMISTS, who have a great many 
chievements to boast of in the past few 
years, are sometimes their own worst 
enemies. That is what many innocent 
readers will conclude from a casual 
inspection of the rush of articles with which 
the geophysical literature is now spattered, 
and which purport to show how, for 
mple, the measurement of neodymium 
opes in some sample of rock can shed 

t on the past history of the material. 
articles on pages 753 and 773, singled 
it.perhaps unfairly as representative of 

r kind by the mere accident that they are 
cluded in this issue, show how unforgiv- 

f their readers’ patience the geo- 

s have become. (If they should 

that they are not alone among 
ialists in making the assumption that 


ody who matters knows what they — 
© say, they are merely making the | 


‘dangerous assumption that only 
w specialists are likely to be 
sted). 
‘underlying difficulty is common in 
ds of investigation, perhaps 
in those almost certain to 
mportant. It is then tempting for 
with new things to say to work on the 
le that the assumptions with which 
ve day by day are widely appreciated. 
deed, with the passage of time, the 
Loranch of geochemistry based on the 
is of terrestrial (and other) rocks for 


ioactive decay products of rare but 


ved components of the Solar System 

t to be as important as it promises, 

lt will be that the general readership 
literature will know what the 
aptions are. This, to a large extent, is 
jas happened in the previously 
nting field of nucleic acid chemistry, 
ere it is no longer necessary for people to 
ll out the simple fact that DNA 
cules are constructed from four 
istinct subunits, for example. But if the 


ew geochemistry should be only of 


ling. importance, is it destined to 
ain more or less a closed book? 
at would be, to say the least of it, a 
ich is why, at least for a little while, 
should be a little less austere in 
describe what they have done. 
the field is all that unfamiliar. 
‘resembles in many ways the 
work of F.W. Soddy, in the first 
s$ century, in seeking to deter- 
he Earth from the radio- 
nium and thorium. 
s ccessfully 


-| greater than that of 


completed in the 1930s, is that two 
principal isotopes of uranium (with mass 
numbers 238 and 235) ultimately yield as 
decay products two isotopes of lead (with 
mass numbers of 206 and 207 respectively). 
Thorium-232, on the other hand, finishes 
up as lead-208. 

What this implies is that it is possible to 


infer the length of time for which a rock 


containing uranium has been undisturbed 


by a sufficiently accurate measurement of | 


the amount of, say, uranium-238 and of the 
abundance of lead-206 relative to that of 


some other isotope of lead known not to be 


the product of radioactive decay. 
(Lead-204 is the common standard.) For 
then the lead-206 found in a sample of the 
rock will represent both that formed by the 
decay of uranium-238 and that present at 


the outset. If the primaeval abundance of 


lead-206 relative to lead-204 is known (as, 


for example, from the analysis of rocks 


containing lead but no uranium), it 
requires merely simple subtraction to 
discover how much lead-206 has been 
formed by the decay of uranium-238. 

The techniques now being exploited with 


such profit by the geochemists are in 


principle no different. Neodymium-143 is 
formed by the alpha-decay of 
samarium-147 (with a half-life of more 
than 100,000 million years) and 


_ Strontium-87 from rubidium-87 by beta- 


decay (with a half-life of nearly 50,000 


million years). Relative to other isotopes of 
neodymium and strontium, the excess 


amounts of the radiogenic daughter 
elements in some sample of rock are simply 
related to the amounts of the radioactive 
isotopes originally present and to the 


| length of time which has elapsed. The 


conventional standards for comparison are 
the isotopes neodymium-144 and 
strontium-86 respectively. 

Much of the confusion that attends the 
use of these techniques in geophysics stems 
from the recognition, in itself a discovery 
of great importance, that the elements 
involved, the radioactive parents and their 
daughters, have beeen repartitioned 
among the several components of the 
Earth’s layer structure during geological 
history, not all of it Archaean. Both 
rubidium and strontium, as chemical 
elements, are more abundant in con- 
tinental crust than in the mantle from 
which the continents were formed, but the 
relative concentrat 


samarium and neodymium, by contrast, 
the daughter tends to be more highly con= $ 
centrated than the parent. a ee Bae 
Chemists are quick to point out that this _ 
redistribution of material is largely a 
function of the radii of the ions of the 
elements involved. (By chance, uranium _ 
and lead are concentrated in the con- 
tinental crust relative to the mantle by- 
roughly the same degree.) Whatever the 
mechanism of this process, what emerges is 
that the abundance of strontium-87- 
(relative to strontium-86) is greater in the - 
continental crust than in the mantle, while 
the abundance of neodymium-143 (relative - 
to neodymium-144) is less than in the 
mantle. : 
The interpretation of the ratios actually 
measured is complicated by the difficulty 
of knowing the full history of the material | 
concerned. In attempts to infer the age of | 
the Earth from measured abundances of — 
uranium isotopes and the corresponding — 
isotopes of lead, it is sufficient to search for — 
the oldest rocks and to compare the results 
of abundance measurements with those 


_ obtained from meteorites. By contrast, the 


chief utility of the use of the newly- _ 
measurable isotopes is that they may be 
used to trace the comparatively recent 
history of the Earth’s surface layers, con- 


‘tinental crust and ocean floor alike, in 
which case there can be no fixed 


assumptions about the abundance of the 


_ isotopes in the starting material. 


This does not, however, prevent prac- 
titioners from talking of ‘‘anomalies’’. The 
reference point is usually some notional | 
composition of primaeval material but is _ 
hardly crucial, since only differences of 
abundance bear on the processes by which 
material has most recently been 
repartitioned. Eventually it should also be 
possible to construct a kind of historical 
record of the average abundance in the 
mantle of the isotopes involved, at least if 
the mantle is crudely homogeneous. 

All this, of course, is commonplace 
among geochemists. But now and again, it 
would do no harm if they were to remind 
their readers that neodymium-143 is the 


product of the radioactive decay of — 
samarium-147, or that lead-206 is the 


product of uranium-238. Certainly they 
should be more forgiving of their readers’ 
almost certain ignorance of the importance 
of these isotopes as tracers of the fraction- 


ation of terrestrial material. To fail 


rs | make these concessions is to 
ith | exciting fiel 
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NEWS AND VIEWS 


Genetics, dynamics and politics 


from John H. Lawton and Robert M. May 


MARINE fish stocks, broadly interpreted to 
include such taxonomically disparate 
beasts as whales, shrimp, crabs, shellfish 
and squid, together with fish in a strictly 
zoological sense, constitute one of the 
world’s great biological resources. At- 
tempts to understand, conserve and exploit 
resources confront marine biologists with a 
number of intriguing theoretical and prac- 
tical problems, often made more difficult 
by political and economic constraints 
operating on the fishery. A recent Dahlem 
Conference* grappled with a range of such 
problems. 

Some of the biological problems con- 
fronting fisheries managers have implica- 
tions for evolutionary biology and ecology 
far outside their primary concerns of maxi- 
mizing profits and minimizing the risks of 
overfishing. Two, namely fishing as a ma- 
jor selective force acting on the genetic 
composition of fish stocks and the problem 
of how best to construct tractable models 
of complex multi-species fisheries, seem 
particularly important. 

Often, though by no means always, 
fishing a previously unexploited stock 
leads to faster growth and earlier breeding 
of the surviving population'. Predictions 
of yield, profits and the population’s 
capacity to withstand exploitation hinge on 
a sound understanding of such changes in 
demography under exploitation. The 
changes can happen quickly, and have 
generally be attributed to the fact that as 
stocks are fished down, food supplies per 
individual increase, leading to faster 
growth and earlier maturity. However, an 
explanation based on such density- 
dependent effects in the population 
dynamics is not the only possibility; the 
response could also be genetic; if, as seems 
likely, growth rates and age of maturity are 
genetically determined, and there is 
heritable variation for these traits within 
the population, then fishing represents a 
massive novel selection on the population. 
Individuals that grow faster and/or mature 
earlier may be at an advantage in the fished 
population because, other things being 
equal, they are more likely to reproduce 
before being caught. Other mechanisms 
possibly responsible for the observed 
demographic changes include alteration in 
environmental variables that more or less 
accidentally coincide with changes in 
fishing intensity, or even that apparent 
changes may be artefacts of the way the 
data are gathered. 

Although it is difficult to distinguish 
genetic from other explanations for 
changes in the vital rates of exploited fish 





* The Dahlem Conference on ‘Exploitation of marine com- 
munities’ was held in Berlin on 1-6 April 1984. The proceedings 
will be published as a book by Springer-Verlag, later this year. 


stocks, useful tests may come from situa- 
tions where fishing, paradoxically, leads to 
a reduction in growth rates and to an in- 
crease in the mean age of fish. This ap- 
parently happened in the case of the Lesser 
Slave Lake Whitefish, Coregonus clupea- 
formis?; such changes are not easily ac- 
counted for by responses in population 
dynamics to fishing, but may be due to 
heavy selection of gill nets on large rapidly- 
growing genetic variants in a species where 
reproduction is strictly determined by age 
and not by size’. 








In most populations we might expect to 
see both population-dynamic and genetic 
responses to fishing, working either in con- 
cert or in opposition to one another to in- 
fluence the demography of the exploited 
population. The consequences are impor- 
tant for managers wishing to predict the 
long-term dynamics of fish. But over and 
above all these practical considerations, 
evolutionary biologists, interested in life- 
history strategies’, should pay more atten- 
tion to the possibility that fish life-histories 
can evolve in response to fishing. 

A second area where essentially practical 
problems of fisheries management may 
have wide theoretical repercussions centres 
on how best to construct tractable models 
of complex multi-species communities. 
Not unexpectedly, the fisheries that are 
most rich in species are in tropical waters. 
For example, off the Senegal-Mauritanian 
coast as many as 174 species are involved in 
the demersal fishery; a single trawl haul can 
contain 20-50 species. Official statistics for 
this area tend to group catches into com- 
mercial categories, but still 48 species are 
identified in the records for Senegal*. 
Classical fisheries models, based on single 
species, are obviously no use under these 
circumstances. However, detailed simula- 
tion models involving all the commercial 


TE E ey: er a P, Pha ~ 
> á P" D >=" e n fs. > ` > Su _ r is y ` =” oe ` a 
Bate, Dara ye PEE N deh: E ae ts ee Bes bai, my pe! 





species and their food supplies are not a. 
solution either. Even if the data were avail- 
able, the sensitivity of the very complex 
models to errors inherent in estimating the 
snowstorm of parameters necessary for their 
construction makes them reel ote 

Simplified models are much less sensitive 
to parameter variation, but the problem is 
how to simplify them. Grouping species in- 
to manageable sets could be done in several 
ways, for example taxonomically, or by 
habitat, or by commercial value. At the 
moment, there are no reliable theoretical 
rules to guide such endeavours, and the 
best solution must, in any case, depend on 
the circumstances and the objectives of the 
modeller. One promising approach may be 
to use some combination of body size and 
habitat. Even the very complex West Afri- 
can fishery can be grouped into a limited 
number of species assemblages on the basis 
of habitat, specifically water depth and 
bottom typet. Within habitat divisions, 
grouping individuals by body size irrespecs _ 
tive of taxonomy may not seem the mosk 
obvious thing to do, but since body size has\ 
rather predictable effects on an animal’s — 
vital rates’, the approach hasmuchtocom- — 
mend it. In the long term, successful 
predictions using aggregated models of — 
complex multi-species fisheries could have 
profound implications for ecologists strug- 
gling to make sense of, and model, equally 
complex communities in other habitats. 

Of course, even classical ‘single-species’ 
fisheries, such as cod or herring in the 
North Sea, or anchovies of Peru, are 
members of complex communities, pro- 
viding both food and shelter and harbour- 
ing enemies and competitors®. A broader — 
‘ecosystem’ perspective on even a simple 
single-species fishery may suggest ways of — 
using indicator species — sea-birds, for ex- YT 
ample — to monitor the health of fish 
stocks. There was disagreement am i 
participants at the Dahlem Conference ~ 
about the feasibility of such an approach, 
but it should not be dismissed out of hand. — 
Certainly, reduced breeding success, Or — 
failure of sea-bird colonies to recover from — 
a natural disaster that in the past has 
presented no problems, could be a clear in- — 
dication that all is not well with the birds’ — 
food supply. ! 

Another major theme of the meeting was 
the way unpredictable environmental — 
events can lead to significant fluctuations — 
in fish stocks, and thus to uncertainty inthe — 
catch from year to year, or over longer — 
periods. In particular, it can be that the — 
rates at which new recruits are produced — 
are affected differently by some kinds of — 
environmental fluctuations when the stock — 
density is relatively low (as a result of heavy — 
exploitation) than when it is relatively high — 
(in its pristine state); this, in turn, Fe 
result in the yield becoming signifi y 3 
more variable as fishing pressures increase. 
As observed at Dahlem'* and before’? — 
such effects can lead to situations where it- 
is better to fish less intensely, diminishing — 
the fishing effort below that estimated to 
















this general context, the conferees 
ht to identify some tentative patterns 
the degree to which different kinds of 
fish stocks exhibit such variability. One 
uggestion was that species high in the food 
web tend to live longer, which in turn tends 
to make their population densities relative- 
y less variable'®. Another suggestion was 
hat tropical species tend to live longer than 
Ologically similar temperate ones, again 
nding to make for relatively steadier 
ilynamics'°, although for terrestrial insects 
Wolda and others have concluded that 


ificantly less than temperate ones!!:!, 
ore specific suggestion, tied to life- 
ory details, is that species such as plaice 
t sole, which make their living on the 
ntially two-dimensional world of the 
ı floor, are thereby in a less chancy en- 
‘onment, and that this is why their stocks 
ippear to fluctuate less than do many 
c fish such as herring!?. 

adec (Institut des Péches Maritimes, 
ntes) and others emphasized that fluctu- 
in the processing and marketing of 
é every bit as worrisome as fluctua- 
n the biological stock or in the catch. 



















































ical populations do not fluctuate ° 


-i be, it may bi best to aim fo; flexibility in į 


harvesting, processing and marketing, 


given that ‘cashing in’ on the good years 
will have little repercussion on future 
biological events. Tidy though such a 
dichotomy is in principle, we really need to 
understand multispecies effects better 
before we can implement the ideas with any 
confidence!®. 

As emphasized by Clark (University of 
British Columbia) and others in discussion, 


the real uncertainties in fish catches and > 


marketing are further complicated by 
psychological aspects of uncertainty. 
Thus, for example, the macho acceptance 
of risks by some kind of fishermen can con- 
found policies based on conservative ra- 
tionality. Despite all the biological, 
economic, political and psychological pro- 


blems that beset the management of both 


Materials science 


and superalloys 


from Robert W. Cahn 


SUPERALLOYS, the key materials for mak- 
ing turbine blades and discs in jet engines, 
have been steadily improved since the in- 
troduction of the wartime ‘Nimonics’; 





































sheries that are relatively predictable, 
be desirable to bring industrial 
es for treatment, packaging and 
keting fish products close to the mini- 
required to exploit the resource at 
set average level, allowing for some 
tions but not for gross overexpan- 
1 good times and collapse in bad ones. 


maximum service temperature has been 
progressively raised and engine efficiencies 
have been improved in parallel. But the 
available means for maintaining this rate of 
improvement are now more or less ex- 
hausted short of a radically new approach. 
Just such an approach is offered by some 
recent ‘pure’ research on one constituent 
phase of all superalloys, the nickel-based 
‘gamma prime’ phase. 

The diverse family of superalloys is, in 
essence, based on a single structural prin- 
ciple. They consist of a dispersion of par- 
ticles of a coherent ‘gamma prime’ phase 
~~ Ni, Alin its pure form but generally con- 
taining Ti and other elements — within a 
gamma phase, a matrix of nickel contain- 
ing various solutes, Gamma and gamma 
prime are coherent in the sense that the lat- 
tices match up so closely that their interface 
is of very low energy; this in turn implies 
that the gamma prime particles are highly 
stable against growth. The other vital 
characteristic of these alloys is that the 
gamma prime phase is atomically ordered; 
in other words, it consists of a superlattice, 

like the much-studied Cu, Au alloy, but 

‘unlike that alloy the order persists un- 
diminished right up to the melting 
temperature . All sorts of other microstruc- 
tural features have been introduced to add 
to the excellent creep resistance of super- 
alloys at high temperatures, but the above 
features are the crucial ones. 

Gamma prime has a remarkable proper- 














for fisheries that are intrinsically 
ariable (either in yield or in species 
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E E and mirek 
the general tone of the final discus: 
we think, a cheerful one: our 
understanding, though very far from 
plete, is probably enough to provide a bas 
for giving good advice for the management 
of most fisheries, at least in the short run. 
But in the long run, as stressed by. 
Shepherd'*, in most cases we probably- 
need kinds of information (knowledge of = 
the absolute magnitude of stocks, anda full <: _ 
understanding of factors determining __ 
recruitment and mortality) that isnotcur- 
rently available. B 
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prime phase increases as it is heated, almost 
until it melts. Plainly, this property is of 
central importance in determining the good 
creep resistance of superalloys as a class. 
Such anomalous mechanical behaviour as- 
Ni, Al and a number of other A, B phases, 
such as Ni, Ti. Much ink has been spilt in 
attempts to interpret this anomaly. It is 
known that dislocations move through 
highly ordered alloys in pairs, collectively 
termed ‘superdislocations’. Ina very stably ` 
ordered alloy these pairs of dislocations, 
which are joined by strips of disordered 
material called antiphase domain boun- 
daries, are so close together that they can 
twist and turn and escape on to abnormal 
lattice planes. Ít is the twisting and turning 
that leads to the anomalous mechanical 
behaviour; at least, this is the current 
orthodoxy. 
In superalloys cast in the normal way, 

the individual gamma prime particles — 
typically less than 1 um across — each con- 

sist of a single domain. Consequently, it 

has not been possible to manipulate their 
domain size, which is an important variable 

in the general theory of the mechanical 
behaviour of ordered alloys. This situation 

has recently been changed, however, by 
research carried out in the Japanese 
laboratory at Tohoku University, where so 
much important metallurgical research has 
been done. An important paper from this _ 
group examines the behaviour of super- . | 
alloys ultrarapidly quenched from the melt < 
(Inoue, A., Tomioka, H. & Masumoto, T. — 
Met. Trans. 14A, 1367; 1983). At cooling 
rates approaching 10° K s~!, there is not 
time for proper ordering and the phase. 
consists of fine antiphase domains around 





or Fe, and the alloys consist entirely of , 


. gamma prime, is that both the strength and 
the ductility of the alloys are enhanced, 


_ whereas usually one of these improvements _ 


- must be bought at the expense of the other. 

~ Once the quenched alloys are annealed, the 
~ domains grow (the state of order is improv- 
: ed) and the alloys become both weaker and 
` less ductile. Unfortunately, Inoue etal. did 
= not test the variation of the strength of the 
 fine-domain structure with temperature: it 
is now important to know whether that is 
also subject to anomalous behaviour. 

Another recent Japanese paper, from 
Tokyo (Ochiai, S., Oya, Y. & Suzuki, T. 
Acta metali. 32, 289; 1984) reports the ex- 
tent to which third metals can be dissolved 
in the gamma prime phases Ni, Al, Ni, Ga, 
Ni, and Ni, Ge, and the superlattice site 
preferred by the third metal; these features 
are related to atomic size ratios and to the 
various bond strengths. In the present con- 
text, it is of particular interest that two of 
the authors of that paper previously 
studied the anomalous mechanical 
behaviour of a number of gamma prime 
phases (for example, Pt,In and Pt,Sn), 
finding, in general terms, that the more 
stable the ordered phase the more pro- 
nounced the anomalous strengthening with 
rise of temperature (Suzuki, T. & Oya, Y. 
J. mater. Sci. 16, 2737; 1981). This seems 
consistent with the orthodox explanation 
of the anomaly, outlined above. 

It should now be possible to answer some 
very interesting questions by rapid- 
quenching experiments on such ‘model’ 
gamma prime phases, both binary and ter- 
nary. First, does the size of the micro- 
domains produced by quenching scale with 
the stability of the ordered phase? Second, 
how do the mechanical characteristics of 
these phases, particularly their anomalous 
behaviour, react to the introduction of im- 
perfect order — that is, small domains? 
Finally, what are the consequences of the 
- gradual healing of imperfect order by 
7 subsequent heat treatment? In this connec- 
- tion, itis probable that the domain sizeina 
_ ternary alloy series based, say, on Ni ;Alor 
-on Ni, Ga, will be a function of concentra- 
> tion of the third element, and if so, it will be 


_ illuminating to see how the mechanical 
_ anomaly varies across a ternary series 


prepared by melt-quenching. 

In this way, the curious mechanical 
characteristics of gamma prime can 
perhaps be related to the mechanical 
behaviour of imperfectly ordered phases 


such as Cu, Au or FeCo, on which a large | 


literature exists. In general, the strength of 


such alloys peaks at an intermediate degree. 


_ of order, but the dependence of ductility on 
.. the degree of order has not been studied. 
The introduction of rapid quenching, it 

_ seems, may re-open the study of the mech- 


_anical characteristics of ordered phases, 


‘a 





which has beeni in the doldrums of iate, 


and can . vided the conditions in which. the other 





from T.M. Dexter 


EVERY minute of life, a human must pro- 
duce an average of about 150 million red 
cells and 120 million granulocytes, which 
constitute the majority of white cells. 
Mature haematopoietic cells, such as these, 
are derived from several types of pro- 


genitor cell, each committed to develop in- | 


to only one or two cell lineages; but all pro- 
genitor cells take their origin from the same 
‘stem’ cell. The control of this develop- 
mental process — the regulation of ‘pro- 
duction quotas’ and of ‘quality control — 
is thought to reside in a family of haema- 
topoietic growth factors. To a great extent, 
these growth factors are still ill-defined 
molecules present either in serum or in 
“conditioned medium’ — the fluid left after 
the growth of certain cells in vitro. But the 
techniques of molecular cloning are begin- 
ning to define the factors. One yielded to 
that approach earlier this year'!.?; Gough et 
al., from Melbourne, report their success 
with a second factor on page 763 of this 
issue?. The emerging data are bound to 
create widespread interest and excitement 
for developmental biologists. 

The significance of these findings is best 
considered in the context of the overall pro- 
cess of the formation of blood cells which 
starts during embryogenesis with the laying 


down of a relatively small number of- 


pluripotent haematopoietic stem cells. By 
virtue of their ability to self-renew, suffi- 
cient stem cells are generated not only to 
maintain their population throughout 
adult life but also to produce, by differen- 
tiation, the progenitors of all haem- 
atopoietic cells. It is obvious that the 
maintenance of haematopoiesis requires 
that a balance be maintained between self- 
renewal and differentiation. If too many 
stem cells were to differentiate, the system 
would soon undergo a decline; if too few 
differentiate, there will not be sufficient in- 
put into the progenitor cell compartment to 
meet the demand. 

The progenitor cells, the immediate pro- 
geny of the stem cells, are recognized by 
their ability to undergo proliferation in 
soft-gel media in vitro to produce colonies 
of mature cells of the appropriate lineage. 
For many years it has been known that the 
survival, the proliferation and the develop- 
ment of these ‘colony-forming’ cells in 
vitro requires the continuous presence of 
specific growth regulatory molecules. 


The story began with independent obser- | 


vations that colonies of granulocytes 
(neutrophils)* or macrophages’ would 


| develop in soft agar, provided that feeder 


cell layers or conditioned medium were 
present in the culture. Since then, 


| modifications of this technique have pro- 


* 
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my knowledge, there is ee 


G-CSF and M-CSF are e j 
in their activities. 
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that spawn red blood cells, platelets:¢ 
eosinophils — can be stimulated to fo 
colonies (reviewed in ref.6). In all cas 
colony development requires the presei 
of ill-defined growth factors or ‘colo; 
stimulating factors’. Not surprising 
many workers have formulated (and ; 
still formulating) their own pet names 
these factors, causing much confusi 
both within and outside the field 
developmental haematology. Also, thi 
has been a considerable variation in 1 
sources of the factors, the concentratic 
of factor used and the source of the respe 
ding cells (marrow, spleen, fetal live 
Because of this, it has been impossible 
determine, for example, whether the co; 
mon progenitor of both granulocytes 
macrophages responds to only one grow 
factor or to a family of growth fa to 
Paradoxically, this initial lack of agri 
ment and standardization among t 
groups involved has been of some benef 
since several different and specific grow 
factors have been discovered as a result 
the variety of starting materials. 

The use of conditioned media 
facilitate the growth of kameo 
progenitor cells is still widespread. Int} 
last five years, however, many of thea 
growth factors have been purified to a 
parent homogeneity, enabling a clearer pii 
ture to emerge of their biological activ 
and target cells. The properties. an 
nomenclature (still confusing) of so 
the growth factors for myeloid prog 
cells are summarized in the table. 

A simple interpretation of the da 
haematopoietic cell developr 
regulated by a (limited) series of 
factors which are progressively restric 
their biological activities and targ 
Thus, the recently cloned!” growt 
IL-3 (for definition of abbreviatio C 
see the table legend) is indifferent to lineag 
— promoting growth and development o 
all the different myeloid progenitor cells 
Moreover, it facilitates self-renewal o 
pluripotent (CFU-S) and multipoten 
(CFC-Mix) stem cells, and can ‘immor 
talize’ granulocyte precursors and mas 
cells in vitro. GM-CSF is more restricted 
stimulating both proliferatior an 
development of only granul a) 
ra dete and oe O 










































GM-CSF stimulates self-ren: 
these cell populations. The 
















i ce. “Also. of significance i is their obser- 
on that GM-CSF is encoded by only 
gene; hence the reported differences in 
SF from different tissues probably 

ect post-translational modifications. 
intriguing additional finding by the 
Melbourne group is that, although they 


Show no structural similarity, IL-3 can 


‘compete with GM-CSF for binding to its 


receptor (A.W. Burgess, personal com- 


munication). It seems, then, that some 
‘multipotential stem cells, progenitor cells 
and IL-3-dependent cell lines have both 


L-3 and GM-CSF receptors; that IL-3 can 
ind to both receptors, but that GM-CSF 


bind only to its own receptor. Since 
he two regulatory molecules appear to 
quite distinct roles vis-a-vis self- 


p ‚it 
ay well be that thec gukoMe of a response 
depends upon the relative concentrations 
of the two regulators and the number and 
accessibility of binding sites. Development 
may be further regulated by the lineage- 
restricted molecules G-CSF, M-CSF and 
erythropoietin. 


The problems have by no means all been 


solved. Nonetheless, the way in which the 
haematopoietic cell growth factors interact 
to promote self-renewal, proliferation and 


development can now be studied in some | 


detail in vitro. It will be just as important, 


‘of course, to determine whether such 


growth factors have a role in vivo. In the 


adult, haematopoiesis occurs in the mar- — 


row in association with a stromal cell 
meshwork, Evidence indicates that the 


| stromal cells are not passive bystanders but | 
| themselves influence haematopoietic cell 
| development, presumably by supplying the 


necessary cell matrix a 


molecules’. So far, it has been 
ascribe to IL-3 or GM-CSF a 
process — the availability of cDN 
should now help to resolve this prob 

The question of whether. inapprop 
expression of these growth factors ha 
role to play in leukaemogenesis « can also 
now be addressed using the cloned cDNA 
With this recent work, haematology. has 
entered a new and exciting era. & 
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TARGET CELLS 


Nature of 
Response A ame ¥ i i | = ae 
CFC-Mix |. GM -CFC § Eos-CFC Meg-CFC f Mast cells}... 


BPA 

-HCGF 
Multi-CSF 
MCGF 
PCSF 


self-renewal 
Proliferation 


Development 


Self-renewal 
MG1-1GM 
CSF Proliferation 


Development 


MG1-2 Self-renewal 


D~Factor 


GM-DE Proliferation 


Development 


Self-renewal 
CSF-1 
L-cell CSF 
MG1-1M 
CSA 


Proliferation 


Development 


BIOLOGICAL ACTIVITIES AN D TARGET CELLS OF MYELOID GROWTH F ACTORS | 


e tablei is. compiled from published data and is meani not to be a comprehensive survey of the field but to serve as a PEA point for se 
rious names and activities of the growth factors. + indicates a positive response, — a negative response, and ? an equivocal or. 
ersial result, ND, not determined. The full names corresponding to the growth factor acronyms are as. follows: I 
kin-3; BPA , burst-promoting activity; HCGF, haematopoietic cell growth factor; CSF, colony-stimulating factor; MCGF. 
wth factor: PCSF, P-cell-stimulating factor; GM-CSF, granulocyte/macrophage colony-stimulating factor; MGI 
hage/granulocyte inducer—granulocyte macrophage; G-CSF, granulocyte colony-stimulating factor; M 
ge/granulocyte inducer-2; D- factor, leukaemia cell-differentiation-inducing factor; GM-DF, granulocyte/macroph: ge 
‘differentiation-inducing factor: M-CSF, macrophage colony-stimulating factor; MGI-IM, macrophage/granu 
phage specific; CSA, colony-stimulating activity; CSF-l, colony- -stimulating factor-I]. The target cells are: C 
nit—spleen, multipotential stem cells; CFC-Mix, colony- -forming cell—mixed, a multipotential stem cell wi 
oe eo colonies in Ja t tagar; BFU-E burst- fort ing unit—erythroid, a primitive erythroid progenitor cella 
: as an ability to form-G (granulocytes), M (macrophages 
FC megakaryocyte colony- ee cell. BFU-E, GA 
cell. Pop tn 














- from John Skilling 


~ MAXIMUM entropy is a remarkably power- 
ful and general technique of data analysis. 
It can be used to sharpen up out-of-focus 
photographs (as in Fig. 1), to make maps of 
the radio sky, to generate images from 
medical scanners, to calculate spectra, to 
reconstruct electryn densities in a crystal 
and even to determine the positions of fuel 
rods in a nuclear reactor cooled with liquid 
sodium. It claims to be applicable 
whenever one needs to estimate a single 
vector of proportions p = (Pi, Pr- Pm) 
< from seriously incomplete data, which 

could be fitted equally well by many dif- 
ferent vectors. It claims to ignore what the 
proportions represent, which is why it can 
be applied to so many different inference 
problems. Maximum entropy always 
selects the simplest possible result, contain- 
ing the bare minimum of structure needed 
to fit the data. Spurious detail is reduced as 
far as possible, which doubtless accounts 
for the practical success of the method. 

The principle is always the same: one 
maximizes the entropy S = ~E, Pi log P; 
subject to whatever constraints are impos- 
ed by the data. The theoretical basis of the 
method has often been less clear than the 
practical results however. Now papers by 
Shore and Johnson WEEE Trans. Inform. 
Theory IT-26, 26; 1980 and IT-29, 942; 
1983) and by Tikochinsky, Tishby and 
Levine (Phys. Rev. Lett. 52, 1357; 1984) 
are making the justification for the max- 
imum entropy method both clear and com- 
pelling. 

Historically, the use of maximum en- 
tropy in data analysis has often been 
justified by supposing that the proportions 
were quantized, so that p,=n,/N. If N 
quanta were placed ‘at random’ into M 
available locations, the relative frequency 
of sets of occupation numbers n would be 
degeneracy N!/ TI n;!, which is equivalent 


niques can do for car-spotters, including the police. 





Fig.2 For definition of i 7, M, N and Pip see text. 


toexp (NS), at least if Nis large. Thus max- 
imum entropy would be the same as max- 
imum degeneracy, which could in turn be 
identified with maximum probability. 
Partly because of the dubious status of N 
and the quantization, this derivation has 
never been entirely convincing to scientists 
at large. An alternative justification has 
been to eschew quantization and identify $ 
directly with (minus) the Shannon infor- 
mation content of p, considered as a vector 
of probabilities. One can then talk about 
minimizing the configurational informa- 
tion of p; but once again the rationale has 
not proved universally convincing. 

The new analyses reach a deeper level 
that bypasses the earlier derivations, and 
show that maximum entropy is the only 
consistent selection procedure. Let us start 
with Tikochinsky etal. , and witha diagram 
(Fig.2), in which Pij represents the pro- 
bability of outcome í when performing ex- 
periment j. Tikochinsky et al. consider 

‘reproducible’ experiments in which pj; is 
independent of j, and in which incomplete 
data are acquired in the form of linear com- 
binations <A> = L,A,p,. Because the 
data are incomplete (fewer than M com- 


i t 
select just one linale ail, how should w 


| select a north-south distribution v; which 


| with east-west structure, and vice versa 


_ | selection algorithm is maximum i 






go about it? Suppose the experiment 1s 
repeated N times. We are at liberty tot 
each experiment independently. I 
case, our selection algorithm (whatevé 
might be) will choose the same proportions 
p; for each experiment j, and these could be 
combined to give an overall distribution P; 
for the outcomes i after the N repetitions. — 
We are also at liberty to treat the whole as 
one large experiment, in which case our 
selection algorithm will immediately pro- 
duce an overall distribution Q,. Tikochin- 
sky ef al. point out that we must surely res 
quire P, = QO, if data from reproducible ex- > 
periments are to be combined consistently. 

Repeating or averaging an experiment 
does not change its outcome, and it should 
not change the selected result either. In ten” 
short equations, Tikochinsky ef al. proceed 
to prove that the consistency requirements- 
is satisfied if, and only if, the selection. 
algorithm is maximum entropy. In. 
brilliantly simple way, entropy emerges a 
an elementary consequence of consistent 
reasoning. 

The consistency approach can be taken 
even further. Tikochinsky etal. couch thei 
analysis in terms of probability dist 
butions, but it often seems a little artificia 
to have to identify a set of physical propor 
tions with a set of probabilities of outcomes 
of a random experiment. Proportions anc 
probabilities are, of course, isomorphic, 
but why should we need to introduce th 
idea of randomness at all? And why shoul 
we need to restrict ourselves to linear data 
The answer to both questions is that we: 
need not. woe 

Let us return to Fig.2, but let p; ne 
represent the proportion of the 
observed quantity assigned to cell i, j of 
MXN array (X p, = 1): we could be: 
sidering a two-dimensional digitized pi 
ture. Suppose that the data are some al 
bitrary Tuactong U(u) FOJ as) 
marginals u, jd; p; and yv; =}, py 
at liberty to ignore the Bet ie 
y-structure, and use our selection algo 
rithm to choose an ‘east-west’ distribution. 
u; which fits the data U. Similarly, we can 





























































































fits the data V, without reference to U; 


| Finally, we are at liberty to use all the data, — a 


U and V together, to produce immediately 


| an overall distribution p;. We must surely 
| require p; = u,v, if data from independent 
| experiments are to be combined consistent- 


ly. North-south data must not interfere 
This will be the case if, and only i 
Again, entropy emerges as an i 


consequence of consistent reasonin 
This is the derivation of entropy. 






rigorously informal presentat 
direct e ed. Roberts J 


the whole treatment is given a proper ax- 
10miatic foundation. Shore and Johnson 
ve four axioms — uniqueness, in- 
ariance, system independence and subset 
Independence — which must be satisfied by 
any consistent selection algorithm. In 
careful and formal work that is remarkably 
-similar to an axiomatic derivation of Shan- 


non information, Shore and Johnson 


_.. derive the entropy formula, generalized to 
S= -Ep log(p,/m,) toallow fora possible 

prior model m. Although they describe pas 
a probability distribution, this is un- 
necessary; their work applies equally well 
to any distribution of proportions, and the 
technical words ‘probability’ and ‘infor- 
mation’ need never appear. 

These ideas justify the fundamental 
claims made for maximum entropy in data 
_ analysis, and it is clear that we need not 

tify our preference for the maximum 
entropy selection by anything other than 
he numerical value of S. It is sufficient to 
w that we must use maximum entropy 
or lay ourselves open to the charge of in- 
onsistency. Let’s get on withit. 


Skilling is in the Department of A pplied 
thematics and Theoretical Physics, Universi- 
of Cambridge, Cambridge CB3 9EW. 
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100 years ago 

forty years ago Dr. Joule raised the 
stion whether a body that is magnetised 
ergoes any changes in its temperature; but 
‘question has not yet received a definite 
ion, the rise of temperature which 
ccompanies magnetisation being ascribed by 
me to induction currents, and not directly to 
agnetism. While recognising the influence of 
former, Mr. Borgman has tried to show that 
here is also a change of temperature due to the 
netism and demagnetisation, and that the 
amount of heat thus disengaged is proportionate 
the'squares of the temporary magnetism. M. 
chmetieff, having made, at the University of 
rich, an extensive series of experiments, the 
st part of which is now published in the 
urnal of the Russian Chemical Society (vol. 
fasc.3), arrives at the conclusion that 
ignetism, by itself, produces variations of 
ture in magnetised bodies, and that this 
tic heat” is equal to the product of the 
¢ moment by the magnetising force 
y aconstant; it increases also, within 
limit, with the frequency of the 
ns of the magnetising current, and 
still more when the direction of the 
alternately changed. Its amount is not 
‘oughout the length of an iron cylinder, 
its maximum about its middle and 
wards its ends. Its cause must be 

purely mechanical forces. 


from J.B. Richardson 


THE origin and evolution of leaves was a 
major event in land plant evolution and 
must have affected all other life on land. 
Much remains to be learnt, however, of 
when they first appeared and how they 
evolved. Fossils described on page 785 of 
this issue by Gensel! confirm what had 
already been suspected from compression 
fossils from the Gaspé Peninsula: by the 


end of the Lower Devonian, vascular plant | 


evolution was quite advanced with com- 
plex forms present. The presence of divid- 
ed non-laminate leaves at the end of the 
Lower Devonian is already documented? 
but Gensel! describes changes in anatomy 


in a lateral branch system suggestive of the | 


early evolution of a megaphyll — a 
laminated leaf with a complex pattern of 
venation. 


Did leaves arise as Zimmermann sug- | 


gests in his telome theory? , through evolu- 
tionary overtopping, planation and webb- 
ing? A telome is the most distal dichotomy 
of a plant. Overtopping describes what oc- 
curs if one branch of the dichotomy 


develops more than the other. The over- 


topped branches would diminish in size, 
eventually tranforming the equal di- 


RATHER a Strange occurence came recently 
before my notice, and thinking perhaps you 
might care to insert it in your columns, I send 
you the facts of the circumstance. A few days 
since, towards evening, I killed a snake just close 
behind my house; it measured about a yard and 
a half in length, was one of the most deadly of 
the numerous kinds of snakes found in Java, 
and bears the name of ‘‘Oelar belang.” On 
examining it later | found what I thought to be 
the tail of another small snake protruding from 
its mouth, but on pulling it out I was greatly 
surprised to discover that it was really a snake of 
the same species, and of almost the same length, 
There was certainly not more than three inches’ 
difference in the length of the two snakes, and at 
the time I killed the outside snake only about an 
inch and a half or two inches of the tail of the one 
he had swallowed protruded from his mouth. 
The natives here say that the two snakes must 


have been fighting, the victor afterwards 


swallowing his opponent. I should be pleased to 


know whether such an instance has ever before | 


been brought before your notice, or whether it is 
really an uncommon case, 
Soemedang, Java. 


M. MontciGcny has recently published a 
pamphlet on the influence of the atmosphere in 
the apparition of colours seen in the scintillation 
of stars. He has previously noticed that there is a 
great predominance of blue in the scintillating 
colour when rain is approaching, and he is now 
so convinced of the accuracy of this forecast that 
it is included among others in the Bulletin 
Météorologique published by the Observatory 


of Brussels. 


From Nature 30, 3 July 1884, 


Early evolution of leaves 


chotomies into a main stem with later a 
branches. Planation describes the chang 
from a three-dimensional arrangement in- 
to a single plane of neighbouring telomes. 
Webbing, the joining of tissues between the 
lateral branches of the planar telomes, 
would result in the familiar lamina (leaf- 
like structure) with dichotomous venation, 
This is what Zimmerman proposed but — 
how is the theory testable? One of the- 
restraints on evolutionary hypothesis isthe 
geological record. Do these morphological 
features appear in the geological succession 
in the order demanded by the theory? The 
answer is both yes and no. Simpl 
dichotomously-branched axes have been. 
recorded in the mid-Silurian (Wenlock)*, 
while by the late Silurian, rhyniopsids, with. 
a similar appearance, were common bu 
not diverse. Overtopping was preset tin th 
early Devonian (Lower Gedinnian)5 
that time there was considerable div 
of the rhyniopsids, and zosterop 
distinguishable from the rhyniopsi 
the basis of lateral sporangia. 
present®. Later, during the Siege 


peared. Later still, in the Lower Emsian of. 
Belgium, a similar flora along with several 
Psilophyton spp. was present’ and work b 
Andrews indicates a high diversity of plants 
at that time (see inter alia ref.9). 
Trimerophytes in the Emsian exemplify 
overtopping and reduction of laterals; as. 
Stewart! states ‘“Trimerophytopsida ex- 
hibits almost every branching pattern to be _ 
found in megaphyllous vascular plants’’. 
Thus, as re-emphasized by Gensel’s paper, — 
Zimmermann’s leaf-forming processes, 
apart from planation and possibly webb- 
ing, had happened by the late Lower Devo- 
nian and much of the geological record i 
supports the telome theory on the origin of — 
megaphylls. 

Zimmermann derived a great variety of 
leaves and leaf-like structures, including 
microphyllous ‘leaves’ of the lycopsida, 
from a rhyniopsid-like ancestor. Bower’s 
enation theory"! is an alternative proposal 
for deriving microphylls — small leaves 
with a single central vein. In the telome 
theory, the microphylls arise by reduction 
of bunches (trusses) of telomes. Bower’s 
theory is that bumps (enations) emerged 
from the surface of the stems. As theseena- . 
tions extended (in the evolutionary sense). 
they developed vascular tissue, first at the 
base of the enation (as in Asteroxylon) and | 
then throughout the enation, as in- 
Baragwanathia, which thus became a true 
microphyll. According to the telome.- 
theory this series would be reversi 
duced vascularized microphylls wo 
cede unvascularized outgrowth 




































y accurate age dete 
yhose anatomy is well known, But 
Stewart!” proposed at least two lines of 
Jycopsid evolution in the Lower Devonian, 
ne evolving by the enation ‘process’ and 
he other according to the telome theory. 
arlier, Schweitzer'* suggested several 
‘lines. A great deal of controversy revolves 
‘around plants with ‘microphylls’. In the 
“Northern Hemisphere the earliest 
` 4microphylls’ are on the Gedinnian 
a Drepanophycus® and ‘microphyils’ (with 

no trace of a vein) are known in Asterox- 
ylon. Unfortunately many of the main 
morphological. features of these plants, 
such as sporangia and spores, are unknown 
or poorly described. In the Southern 
Hemisphere much controversy surrounds 
- Baragwanathia which occurs in Australia 
n rocks recently re-dated as Upper Silurian 
_ (Ludlow). If Baragwanathia is now cor- 
- rectly dated and is a true lycopsid then its 
presence in the Silurian may cast doubts on 
the origin of the lycopsids from the 


rhyniophytes. 







































































































Immunology 


from Guil Winchester 


T LYMPHOCYTES occupy a central position 
in the immune response. Like B lympho- 
cytes they are capable of responding to an 
enormous variety of foreign antigens but 
they also control and coordinate the activi- 
ty of other cells in the immune system. It 
was therefore a source of frustration and 
embarrassment to immunologists that the 
surface structure by which T cells recognize 
antigen remained obstinately invisible for 
many years. Over the past eighteen mon- 
ths, however, a number of consistent 
results have gradually been building up into 
a picture of the T-cell receptor. The 
publication of the complete sequence of the 
cDNAs for both subunits of a T-cell recep- 
tor on page 757 of this issue! completes the 
task. 

The first glimpse of the receptor came 
last year when monoclonal antibodies, 
specific for individual T-cell clones, were 
found to precipitate protein dimers that 
seemed to be essential for the activation of 
T cells by antigens??. The polypeptide 
subunits of the dimers have slightly dif- 

ferent molecular weights; each polypeptide 
_ contains constant regions, which are com- 

mon to several clones, and variable regions 
» which are clone-specific**. The protein 
© chemists were then overtaken by the 
molecular biologists. In March of this year, 
two groups simultaneously published the 
sequence of cDNA clones from both 
mouse’ and man? which now seem certain 
to 
















discove 
-tributed to our knowledge of the early land | 


















ith the expectation 
ries by those who h 


floras and careful documentation of the 


geological age of their finds, the next few 
years promise to be as exciting as, but 
probably no less controversial than, the re- | 


cent past. (a 
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The T-cell receptor completed 


show that, like the immunoglobulin gene, 
the 8 -subunit gene is split into segments in 
the germ line and the segments are brought 
together in differentiated cells to form a 
functional gene. Since each segment is pre- 
sent in a number of forms, which can be 
randomly assorted, the genes can encode 
an enormous number of receptors. 

The a-subunit has, however, remained 
obscure. Now Susumu Tonegawa and his 
colleagues have isolated and sequenced two 


- distinct cDNA clones from mouse, both of 


which are expressed and rearranged speci- 
fically in T cells'. Their sequence identifies 
one as the f -subunit and the other has all 
the properties predicted for the a-subunit. 

The overall structure of the receptor 
presented by Saito ef al. looks remarkably 


like two immunoglobulin light chains, both | 


anchored in the membrane by a stretch of 
hydrophobic amino acids. Each chain has 


two domains on the external surface of the | 
membrane, one constant and one variable, | 


with the variable region at the amino- 


terminal end of the molecule. Between the | 
constant domain and the cell membrane | 


there is a short sequence which contains the 
cysteine that is thought to bind the two sub- 
units together; this is followed by a se- 
quence that spans the membrane and a 
short tail found in the cytoplasm, The 
a-subunit (which is the larger) has a slightly 
longer tail which contains an extra cysteine. 
Saito et al. suggest that this cysteine may 
form ‘dynamic interactions’ with other 


molecules. One candidate would be the T3 | 


protein which is found in all mature human 





ve already con- | revie 


T cells and which seems to be involved in ! 






















surface (induced by anti-T3 antibodies 
accompanied by loss of the T-cell antige 
receptor, implying that they are physi | 
associated. me 
The new data provide Saito etal. with the | 
first opportunity to compare receptor : 
molecules from different T-cell subsets. 
The earlier clones encoding the f -subunit 
were isolated from T-helper cells, whichac- 
tivate the various effector cells in the im- 
mune system, while the cDNA clones de- peg 
scribed by Saito et al. come from cytotoxic 
T cells whose primary role is the direct kill- 
ing of virally infected cells. ee 
Although only the f -subunits from dif-. 
ferent subsets can be compared, the > 
authors draw two tentative conclusions. 
One is that the variable-region genes used 
by cytotoxic and helper cells may well come 
from different gene pools; the two- 
variable-region genes compared so far ar 
only 20 per cent similar, which is com 
parable to the degree of similarity betwe 
the constant-region genes of the # -subunit 
of the T-cell receptor and those of the 
immunoglobulin light chains. Since helper 
T cells usually recognize antigen in associa 
tion with class I] major histocompatibilit 
complex (MHC) products, while cytotoxi 
cells recognize antigen in assoc- 
iation with class | MHC products, dis 
similarity between the variable region 
of helper cells and cytotoxic cells is no 
unexpected. Moreover, it is compatible 
with the observation that helper cells and 
cytotoxic cells have different antigen 
repertoires. i 
More surprising is the fact that the f- 
subunit gene from cytotoxic cells shares. 
constant-region sequence with one of th 
helper-cell genes, the identity extend 
over the entire 3’-untranslated region. | 
ferences between the constant regions 
different T-cell subsets might have been ex- 
pected; in an immunoglobulin molecule the 
constant region of the heavy chain de 
mines its functional class. Two possibi 
that might account for this anomal 
discussed by Saito ef al. One is simply t 
functional differences between the twocel 
types lie on the constant region of the 
a-chain. The other is that the T-cell recep- 
tor is purely a recognition molecule and has __ 
a non-specific role in triggering effector 
functions. This question should be | 
answered as soon as the a-subunit froma 
T-helper cell has been sequenced. At the _ 
rate events are moving in the field that _ 
should not be long delayed. eae 
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ACLYSMIC variables are close binary 
_ Systems with orbital periods of a few hours, 
‘in which a white dwarf accretes matter 
-from a faint low-mass companion star. 
<: They have shown themselves to be ideal 
systems for studying accretion processes, 
_ allowing frequent and stringent tests of 
__. theoretical ideas. An important new test is 
- - reported by Whitehurst, Bath and Charles 
— -On page 768 of this issue. 

= Cataclysmics show convincing evidence 
of possessing accretion discs; the accreting 
‘matter spirals slowly in to the white dwarf 
through a sequence of Kepler orbits (centri- 
fugal force balancing gravity) under the ac- 
tion of dissipative forces, gradually giving 
up. its gravitational potential energy to 
radiation. The stability of such a disc is a 
nätter of great importance and under ac- 
ve. debate, with dwarf novae providing 
ie. test ground. These are a class of cata- 


enough that the secondary star periodically 
crosses our line of sight to the accretion 
disc, causing a deep eclipse, repeating at the 
orbital period, P. Painstaking efforts by B. 
Warner (Cape Town University) and W. 
Krzeminski (now Las Campanas) have 
yielded optical light curves through super- 
outbursts of these systems. The deep orbi- 
tal eclipses are still there, indicating that 
most of the extra superoutburst light comes 
from the accretion disc. The interesting 
question which Whitehurst ef al, address is 
whether the superhump light is eclipsed. 

Since the superhumps ‘march’ slowly 


period (1/P -1/P’ )"' of about 2-3 days, 
there are phases when the orbital eclipse 
falls right on top of the superhump. If the 
superhump light were totally eclipsed at 
these phases, the residual light at the bot- 
tom of the eclipse should be exactly the 
ysmics which at irregular intervals (weeks same as that at phases where eclipse and 
months) brighten dramatically (factors | superhump do not coincide. If, on the con- 
about 10) in a day or less, remaining at | trary, the superhump light were entirely 
is ‘outburst’ level for anything up to uneclipsed, this residual light should vary 
ut 10 days (occasionally longer) before | in the same manner as the superhump 
ying back to their ‘quiescent’ levelin | | itself. Using data from several eclipses, 
days. Two types of model have been | Whitehurst ef al. conclude that the latter is 
posed to explain this behaviour. In one, | the case. This virtually forces the site of the 
forward by G.T. Bath and co-workers superhump phenomenon to be on the 
versity of Oxford), the ‘donor’ star(or | secondary star, as only a rather contrived 
ondary) is slightly unstable, and at inter- | model could restrict it to the small part of 
-feeds bursts of mass transfer into the | the accretion disc which is never eclipsed. 
cretion disc. In the other, the outburst is Activity on the secondary star is, of 
consequence of instabilities purely within _ 
disc, without any change in the state of 
the secondary: work on these lines is being 
sued by groups in Munich, Texas and 
ta Cruz (see Nature 302, 12; 1983). In 
r paper on page 768, Whitehurst et al, 
mpt to broaden the debate to include 
e phenomenon of ‘superhumps’. 
Superhumps are periodic increases in 
htness (of up to 40 per cent) that are 
ybserved during the occasional ‘superout- 
‘sts’, lasting about 12 days, that are ad- 
litional to the ‘normal’ outbursts of one 
subclass of dwarf novae (the SU Ursae 
Majoris systems). F ascinatingly, the super- 
humps repeat on a period, P‘, that is a few 
percent longer than the orbital period, and 
o cannot be due to some feature locked to 
he orbital rotation, such as an eclipse, for 
xample. (It is an intriguing question — 
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MOLECULAR biologists like mutations. 
Determination of the molecular basis of 
genetic mutations has already revealed 
unsuspected means by which gene ex- 
pression can be disrupted. Now a class of 
mutant genes in species as diverse as yeast, 
| Drosophila and mouse is providing more 
surprises as to mechanisms of mutagenesis, 
and may well yield information about the 
regulation of normal development. The 
mutations are caused by the insertion of 
transposable genetic elements in or near a 
gene and are suppressed by recessive genes 
which map elsewhere in the genome. 
Recently published work together with 
data discussed at a meeting in Colorado* 
reveals a remarkably unified theme among 
the mutations at the structural level, 
although the modes of action of the 


* UCLA: Symposiam, ‘Genaitie catrangemen 
È Steamboat Springs, Colorado, afte Amis 1984: 
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| course, exactly what is invoked | 















through the orbital light curve on the beat 








Transposable elements and 
‘suppressor genes 
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model for dwarf nova outbursts: in tk 
instability picture such activity wou 
quire a separate explanation. Moreovs 
most models place the superhump site | 
the accretion disc, where it would be par 
tially eclipsed (see Warner, op. cit.) 
Whitehurst ef al. suggest that- the 
_ superhump is due to a bright spot on the 
secondary where part of the stellar 
envelope is lost to the white dwarf to cause: 
the superoutburst: the spot is larger than. 
usual since superoutbursts last longer than 
normal outbursts. The superhump period 
P’ then represents the rotation period of 
the secondary; that is indeed expected tobe 
just slightly longer than the orbital period P = 
because of the synchronizing effect of tidal. 
torques in a close binary. a 
All this presupposes that one accepts 
Whitehurst et ai.’s conclusion that the 
superhumps are entirely uneclipsed. 
Because the superhump does not repeat 
precisely on each appearance, an escape 
hatch from this conclusion is still ajar, in 
that partially eclipsed superhumps may be _ 
allowable (see Whitehurst ef al.'s Fig. 2). 
Whether they occur is a question that can 
be settled observationally, and should soon © 
be, with the powerful stimulus of the new | 
paper. But even when this question is 
disposed of, others will remain, such as 
why the superhump radiation pattern has © 
such a highly structured and repeating | 
nature, Superhumps and superoutbursts 
look set to challenge theoreticians and 
observers for some time to come. E 


Semema eneen 


Andrew. King is in the Department of Astron- 


omy, University of Leicester, Leicester LEI 
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| suppressor genes are proving to ihe g 
somewhat enigmatic. | 
The transposable elements that cause the 
mutations include four classes: Ty of yeast, 
copia and gypsy of Drosophila and the — 
ecotropic endogenous retroviruses of 
mouse. Each consists of a few kilobases of 
DNA flanked at either end by a duplicated 
sequence of several hundred base pairs, the 
long terminal repeat (LTR). In all cases 
where they cause a suppressible mutation, 
the transposable elements are inserted not _ 
into coding DNA but intoanintervening or ` 
flanking sequence. After insertion, homo- 
logous recombination between the two 
LTRs can result in excision of the internal 
sequences, leaving a single LTR behind, 
and often resulting in total or partial rever- 
sion of the mutation. In all three specie: ) 
this occurs at-a frequency of about. I 
“105 per generation. Suppression ¢ 





















mutations, however, i 
-increase in the excision rate of the element. 
stead, in some cases at least, it seems that 
the mutant phenotype is a result of tran- 
“scription of the inserted element, and it is 
_on this transcription that the suppressor 
-genes act. All four classes of element havea 
“promoter of transcription in one LTR and 
-a terminator in the other, and thus will 
-= produce, under the right circumstances and 
where there has been no internal excision, a 
RNA molecule running the full length of 
the element. Whether, in all cases, this 
transcription causes the mutant phenotype 
remains to be seen, but the nature of the 
suppression and the wild-type function of 
the suppressor genes should prove 
revealing. 

One good example of the phenomenon is 
the production of the auxotrophic muta- 
_ tions his4-912 and his4-917 in yeast by in- 

sertion of a Ty element upstream of the 
_ HIS4 gene'. The spt3- mutation (formerly 
- spm3-) of yeast suppresses his4-917, in 
-which transcription of the Ty is away from 
the HIS4 gene, but it does not suppress 
his4-912, in which transcription is towards 
HIS4. However, excision of most of Ty 
leaving behind a solo 6-sequence (the LTR 
of Ty) results in a cold-sensitive mutant 
_ phenotype which is then suppressible by 
spt3-. This arrangement has allowed Gerry 
=- Fink (Whitehead Institute/MIT) to ex- 
amine the expression of the gene. At low 
temperatures, transcription of the HIS4 
gene initiates from the é-sequence, 5° of the 
gene, instead of the correct site. The resul- 
tant RNA is inactive. In the presence of 
spt3-, transcription starts from the correct 
position at all temperatures and all tran- 
scription from the normal origin in all 
d-sequences of the cell is inhibited. Thus 
the simplest explanation for the 
mechanism of suppression is that 
transcription from the 6-sequences of the 
Ty elements placed in critical regions 5’ ofa 
gene will prevent normal gene expression, 
and that spt3- mutants lack the ability to 
transcribe some or all of the Tys, so reliev- 
ing the mutation. In this model the wild- 
type SPT3 gene encodes a transcription 
factor required for initiation of transcrip- 
tion from 6-sequences. Perhaps the Ty 
mutations that are not suppressed by the 
spt3- mutation are transcribed by a dif- 
ferent mode. 
Inevitably, the genetics of the Droso- 































































































































































































and the molecular biology less clearcut. 
The suppressor of hairy wing gene, 
su(F1w), not only suppresses hairy wing, 
but a number of alleles at other loci, in- 
cluding cut, scute, lozenge, forked, 


























homoeotic complex, bithorax. In work 
published last year, Modolell, Bender and 
Meselson reported the cloning of DNA 
from five suppressible alleles of bithorax?. 




















able element, gypsy; indeed, ali the genes 








is not caused by an 





phila suppressors is much more complex | 


rudimentary and several alleles of the | 
| genes further, Bingham has made several 


Each of them contained the same transpos- | 


S ffected by su(Hw), except rudimentary, | 
raina ay | Modolell etal. | 


suggested that the product of the wil 
su(Hw) gene somehow interacts witl r gYps) 





to cause the mutations; a mutation at 


su(Hw) prevents this interaction and so 
suppresses the mutagenic effect of gypsy. 
At the Colorado meeting, Welcome 
Bender (Harvard University) presented 
data from bithorax which indicate that it 
may be transcription of the gypsy element 
which is causing the mutant phenotype. It 
cannot simply be the effect of insertion of 
gypsy into bithorax because other inser- 
tions at the same locations have a less pro- 
nounced effect. Similarly, chromosomal 
breaks have a different effect from gypsy 
insertion, suggesting that premature ter- 
mination in the element is not to blame. 
Bender has gone on to show that in the 
presence of homozygous su(Hw), tran- 
scription of the total population of gypsy 
elements is reduced fivefold. Whether the 
reduction of transcription is more from 
certain elements than from others is not 
known, but an effect on gene expression 
via transcription of the element is certainly 
strongly suggested. The problem remains 
of why su(Hw) suppresses two alleles of 
rudimentary which do not contain gypsy 
sequences, 

The precise mode of action of the 
su(Hw) suppressor gene and the function 
of the product of its wild type have not 
emerged, but the observations of Paul 
Bingham (SUNY, Stonybrook) in relation 
to the white-apricot gene of Drosophila 
may be enlightening. The white-apricot 
(w2) phenotype is caused by insertion of 
the transposable element, copia, into an 
intervening sequence of the white eye- 
colour gene (refs 3, 4 and K. O’Hare, per- 
sonal communication). The effect of the 
w? gene is suppressed by suppressor of 
white-apricot, su(w*), which results in a 
darker eye colour, but can also be en- 
hanced to produce a paler eye-colour by 
suppressor of forked, su(f). Somewhat 
enigmatically, su(f) also suppresses the 
same alleles of forked and lozenge that are 
suppressed by su(Hw) and contain gypsy 
insertions. Bingham reported that a partial 
revertant of w°, containing a single LTR in- 
sertion in place of the whole copia, was not 
affected by either su(w’) or su(f). This 
again suggests some effect of transcription 
of the element on the gene into which it has 
been inserted. This is further supported by 
evidence that the very low level of normal 


white transcript produced from the w° gene » 
was reduced still further in the presence of- 
su(f), but increased several fold when | 


su(w? ) was present (Gerry Rubin, Universi- 
ty of California, Berkeley). 


To investigate the nature of suppression | 


and the normal function of the suppressor 


new mutations at sufw?), almost all of 
which are recessive lethals. The exception, 
when homozygous, produces a fly that 
lacks wings and halteres, ina manner which 


‘suggests that specific cells of the imaginal 


discs die or fail to develop. The normal 


function of su( w“), suggests Bingham, is to $ 2 










we gene responds to these signals i in suc 
way as to restore a normal white phenotyp 
is a mystery. A guess would be that in ce 
tain cells the element is dependent for tr 
scription upon these developme tal 
signals, and that some mutations of the 
signal prevent the expression of this par- 
ticular copia, and thus suppress w°, whilst 
still allowing normal development of the _ 
organism. ee 
Hope Sweet, of the Jackson Labora- —_ 
tories, reported last year the identification 
of the first recessive suppressor mutation in — 
the mouse’. The gene, dilute suppressor. 
(dsu), suppresses the dilute mutation (d) 
Dilute produces a pale coat colour. Jenkins 
et al. have shown it to be due to the inser- 
tion of an endogenous retrovirus into the 7 
mouse genome®’. Revertants that are left 
with only one of the two LTRs havenormal __ 
coat colour. Jenkins (University of Cincin- 
nati) reported that the retrovirus seems í 
be inserted into a noncoding segment. 
DNA, so the means by which the retroviru 
disrupts expression of the dilute gene are - 
not evident. Perhaps the presence of thei 
tact viral DNA prevents initiation, or 
causes premature termination or incorr 
splicing of the dilute transcript. Although 
mice bearing the retrovirus do not become. 
viraemic, the viral promoter might be activ 
in melanocytes in a way that prevents correc 
dilute expression and, so, coat colour. : 
The effect of dsu on other genes ma 
help explain how it suppresses d and, 1 
turn, the cause of the d mutation. An allel 
of d, dilute-lethal (d^), causes both a pale 
coat and a fatal neurological disorder. The. 
coat coloration effect but not the lethality 
of d! is suppressed by dsu. Hope Swee 
(personal communication) has also shox 
that dsu suppresses ashen, a mutati 
which mimics the phenotype of dilu 
Neither d! nor ashen is associated with 
retrovirus of the same type that cause 
dilute, although the presence of anot 
virus or solo LTR has not been exclude 
seems, however, that the action of dsu: 
volved more directly in affecting 
melanocyte morphology which gives ris¢ 
the dilute or ashen phenotype than in i 
expression of the genes themselves. How 
recessive suppressor could act in this way 
and the function of the wild-type dsu, are 
of considerable interest; experiments in 
progress at Cincinatti and the Jackson 
Laboratories should illuminate. thes 
points. 
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Southern Hemisphere mantle 
Stanley R. Hart 


Center for Geoalchemy, Department of Earth, Atmospheric and Planetary Sciences, Massachusetts Institute of Technology, a a 
Cambridge, Massachusetts 02139, USA Ee 


Basalts from many Southern Hemisphere regions have anomalous Sr and Pb isotopic characteristics. This article shows 
_ that the isotopic mantle anomaly is globe-encircling in extent, centred on latitude 30° S. Arguments suggesting that this 
mantle anomaly has been in existence for billions of years place severe constraints on mantle convection models. : 


RECENTLY, Dupré and Allègre’ made an important observation 
concerning the existence of a large domain (10° km*), centred 
in the Indian Ocean, which is delineated by oceanic island and 
oceanic crust basalts having anomalous Sr, Nd and Pb isotopic 
signatures. The existing isotopic data for young basalts show 

t this isotopic mantle domain, here termed the Dupal! 
anomaly, can be traced nearly continuously around the Southern 


| Hemisphere between the Equator and 60° S. Part of this anomaly 


; previously delineated in the central Pacific’. This is the 
rgest mantle geochemical domain yet delineated; I argue that 
this isotope domain was produced early in Earth history by 
core-mantle-crust differentiation processes. Survival of this 


anomaly strongly constrains models of mantle convection. 


otope criteria 


ee criteria are used to quantify the Dupal anomaly: (1) 
b/7 Pb and (2) ?°*pb/*Pb deviation from a Northern 
isphere reference line (NHRL), (3) absolute value of 
*°Sr. Choice of a Northern Hemisphere Pb reference line 
rbitrary, but convenient because of the abundance of data 
essential colinearity of mid-oceanic ridge basalt (MORB) 
id oceanic island basalt (OIB) data on Pb—Pb plots. The 
ference lines were drawn to include MORB (both N-type and 
type), the islands of Hawaii, Iceland, Azores, Canaries and 
ape Verde’, and the north-east Pacific seamounts*. The 
“equations of the adopted reference lines (NHRL) are: 


**”Pb/?*Pb = 0.1084(7°°Pb/?™*Pb) + 13.491 
*°Pb/?*Pb = 1.209(?°¢Pb/?*Pb) + 15.627 


e magnitude of the isotopic anomaly of any given data set 
$) is then expressed as the vertical deviation in 2°’Pb/?™Pb 
**Pb/?*Pb from these reference lines: 


| 87/4 = [0 Pb/Pb)ns — 2° Pb/2™ Pb) nz ]100 

— A8/4 =[CPb/?*Pb os — 2°*Pb/?°*Pb vss ]100 
‘or 87Sr/*6Sr, I use the absolute magnitude of the ratio, 
xpressed as: 
- ASr =[(°’Sr/®Sr) s- 0.7}10° 


The coherence between these three anomaly criteria is fairly 
good. Figure 1 shows the correlation between A7/4, A8/4 and 
The limiting precision of these criteria is that derived from 
opic measurements themselves, and is largest for A7/4 

nass spectrometer fractionation effects are large relative 

tal variation of A7/4 (measurement precision of +2 

10% of total A7/4 variation of 20 units) and the 

ion vector is steeply inclined to the reference line. The 
erion is more robust because the fractionation vector 

allel to the reference line and the total spread in A8/4 
surement precision of +5 units is only 3% of the 


uncertainty due to ‘geological scatter’—the fact that averaged 
island data sets are used which may show large isotopic va 
ations internally. For data sets involving many samples (Iceland, 
Hawaii, Galapagos), this scatter may be effectively averaged 
out; for some data sets, however, only one or two analyses a 
available and the problem of representativeness may be vei 
serious. Note, however, that the variations of Pb isotopic 1 
within a given island basalt suite are commonly sub-parallel to 
the reference lines, so that the calculated A values are insensiti? 
to this kind of intra-island isotopic heterogeneity. | | 


Data | : ; 
The basic data set used is that compiled by Zindler et al”: these 
data have been augmented with data from other studies, includ- 
ing some basalts from continental environments. The basic 
criterion has been to restrict the data sets to basaltic rocks and, 
for the continental environments, I have used only basalts fo 

which Pb data exists, and which carry ultramafic mantle- 
xenoliths (as a precaution against crustal contamination). These 
continental basalts are included because they seem to fit the 

picture, and fill in several important geographical gaps. Several 
of the basalt suites may be related to subduction zones (Pribilof’s 
and Fiji); in the case of Fiji, only the young alkali basalt suite 
was used, as this is claimed to postdate subduction involvement“, 
Several suites range up to 85 Myr in age (Walvis Ridge, Rio. 
Grande Rise, Ninety-East Ridge, New England seam < 
while the age correction will not significantly affect the a y 
criterion, it does affect the geographical position of these suites. 
(When formed, the Ninety-East Ridge samples were located 
some 40°-50° south of their present position.) Inclusion of these. 
older suites shows that the Dupal anomaly has been a persistent. 
feature of the mantle for at least 10° yr. Table 1 summarizes the. 
data suites used, not including the Pacific ocean Sr data of 
Hedge* and Duncan and Compston’. | eS 

World maps of these data, contoured for the three anomaly 

criteria, are shown in Fig. 2. While the configuration of the ~ 
Dupal anomaly varies between the three different anomaly — 
criteria, it is, nevertheless, a striking feature on all three maps, © 

occupying a band of some 60° of latitude centred on 30°- 
40° S. The strongest maximum in the anomaly for all three 
criteria stretches from the southern mid-Atlantic Ridge to the 
central Indian ocean; a second maximum shows up on the ASr 
and A8/4 plots in the central Pacific. Very few Pb data have. 


_ yet been published for this region. Based on available isotopic 


data (both Pb and Sr)**~, it appears that a configuration similar 
to the steep gradient between the islands of Tristan, Gough and | 
St Helena in the Atlantic may exist, with Samoa, Raratonga and. 
the Marquesas Islands reflecting a Dupal signature and the 

Tubuai Islands and southern Tuamoto Islands showing low. 

anomaly values, similar to St Helena. Note that these two regions 
are almost antipodal to each other, with a near-equatorial two- 


fold axis of symmetry located at ~100° E. sa 
_.» Aside from the central Pacific, the other areas where the 


- little data coverage are the high latitudes; these 1 





-80 -70 -50 -30 


Fig. 1 Anomaly criteria ASr and A7/4 plotted against A8/4; data 

from Table 1. See text for definition of anomaly criteria. Best fit 

regression lines are: ASr = 32.4 +0.146(A8/4), r= 0.85; and A7/4= 
—0.86 +0.127(A8/4), r= 0.69. 


apparently characterized by unusually low ASr and negative 
values of A7/4 and A8/4. There is a good correlation between 
the features of the isotopic anomaly patterns of Fig. 2 and the 
degree-2 features of the Earth’s geoid'”. The geoid shows nega- 
-tive ‘caps’ in the polar regions and a nearly continuous belt of 
positive values centred on the Equator. The degree-2 geoid has 
` been related by Busse'' to a quadrupolar convection regime in 
-the mantle, with lower mantle upwelling centred on an equatorial 
“axis of symmetry. The isotopic anomaly data also suggest a 
simple quadrupolar pattern, but one which is more nearly 
axisymmetric with the Earth’s spin axis. Higher-degree features 
of the isotopic anomaly pattern, such as the antipodal St Helena- 
type lows, have no obvious counterpart in the geoid. 
= Note that some complexities exist in the isotopic data for 
- Hawaii and the Azores which have been obscured here by using 
averaged data. The Koolau series, Oahu’? and the eastern end 
_ of Sao Miguel, Azores’ , show rather prominent Dupal sig- 
natures, with ASr=41 and 53, and 48/4=51 and 44, respec- 
tively. 


Implications 
In evaluating models for the origin of this anomaly, several 
features need to be considered: (1) the fact that the anomaly is 
present in both OIB and MORB data (at least in the Indian 
- Ocean); (2) the approximate coherence of the three anomaly 
criteria; and (3) positive values of the anomaly criteria require 
~ high time-integrated values for the parent/ daughter ratios in the 
source (in the case of A7/4, the required high U/ Pb value must, 
in addition, date back to early in Earth history), and (4) evidence 
for the Dupal signature in the past geological record. These 
(1) Dupré and Allégre’ proposed that the MORB reservoir 
upper mantle) is polluted by material from the OIB reservoir 
et ng the anomaly signature from 


ating complete isotopic 


Cre: paru 
and su 


oe os... 


cross-pollution takes place during partia 
sequent high-level magmatic processes™'”. | 
Another explanation would relate these two reservoirs thr 
a common parentage. If the depleted MORB reservoir is creat®d 
by extraction of continental crust'*"'’, and if the Dupal anomaly 
signature predates the formation of the MORB reservoir, then: 
the existence of the anomaly signature in the MORB reservoir. 
could simply be inherited from its mantle precursor. To be- 
viable, this mechanism would require that the various MORB 


and OIB reservoirs have maintained their relative lateral posi- > 
tions over long periods of geological time, which seems... ae 
unlikely in view of the rapid convective motions of the upper = ve 
MORB reservoir. I prefer the ‘pollution’ explanation advanced 


by Dupré and Allégre’. 


(2) As shown in Fig. 1, the three anomaly criteria are reason-. Bar 


ably, though not perfectly, coherent (r ranges from 0.69 to 0.85)... 
Each anomaly criterion depends essentially on the time- 
integrated parent/ daughter ratio in the reservoir; their coherence 
therefore suggests that the Dupal reservoir has higher time- 
integrated values of Rb/Sr (ASr), Th/Pb (A8/4) and *°U/Pb 
(A7/4) than the reference reservoir. Because of the coupling of 
U/Pb and Th/Pb in the 7°°Pb/7Pb—°°Pb/***Pb plot, the hig 
A8/4 also requires high Th/U ratios. In other words, the Dup 
source is characterized by high relative Rb/Sr, *°U/Pb and 
Th/U; in most petrogenetic processes, the numerator element 
in these ratios is observed to behave more incompatibly thar 
the denominator element, so that the approximate coherence of 
the three anomaly criteria is not surprising. T 
(3) The Dupal reservoir is characterized by relatively hig 
time-integrated values of Rb/Sr, **°U/Pb and Th/U. What does 
this imply for development of the Dupal reservoir? One obvious 
source for high Rb/Sr, U/Pb and Th/U material is the continen- 
tal crust, and in fact, Dupré and Allègre’ favoured the subdu 
tion of sediments into the mantle to explain the anomalo! 
isotopic characteristics of the Indian ocean Dupal island su 
Other authors*°-* have argued for reinjection of oceanic cru 
or sediment to provide a component in many or all OIBs. 
Recent (<500 Myr) injection of crustal material is not a sati 
factory mechanism for production of the Dupal isotopic : 
nature, as this would produce high angle Pb isotope arrays, 
an apparent origin somewhere along the Northern Hemisph 
reference array. With the exception of Tristan, intra-suite Dt 


(for example, Gough, Walvis, Bouvet, Kerguelen). Furthermore, 
the suites showing the most marked Dupal signature defini 
inter-suite Pb-Pb array which is parallel to the reference ar 
but shifted to higher *°’Pb/?“*Pb and *°*Pb [Pb values. 7 
array, which is defined by 90° E-ridge—-Discovery Seam: 
Gough, St Paul, Crozet and Amsterdam—covers a large range 
in 2°SPh/2°*Pb (17.9-19.2), and cannot be generated by conte 
nation of reservoirs lying along the reference array with cru 
material, even if that were heterogeneous. Inclusion of Sr isotope 
data only enhances the implausibility of this mechanism, a 
*7Sr/"°Sr shows no significant correlation with position. along 
this ‘upper bound’ array. ce 
This problem can be circumvented if the crustal contamina 
was reinjected into the mantle a long time ago, before th 
processes which have subsequently produced the ‘linea! or 
the reference suite along an apparent 1,700-Myr isochre 
which are also responsible for the subparallel lineation 
Dupal suites. Several reinjection models*?'*?, in fi 
that ancient oceanic lithosphere is responsible for th 
signature of many OIB suites, though it has yet to 
strated that such material will have the requisite h 
Th/U ratios. Furthermore, enhanced U/Pb ratio: 
oceanic crust should be accompanied by enhance 
which would | : 





Fi ig. 2 World maps (Miller cylin- 
drical projection) showing distri- 
bution of the ASr (upper), 48/4 
middie) and A7/4_ (lower) 
anomaly criteria; contours are fit- 
ted by eye and are subjective. in 
many areas of non-existent data. 
Anomaly data are from Table 1, 
augmented, in the case of ASr, by 
data from the Pacific Ocean** and 
tarctica®®,. Also shown on all 
‘ee maps are data for the Ninety- 

- Ridge’, although these are 
ples of older age and should be 
lotted at a more southerly position 
onsistent with their location of — 


pdb i? as a 


ea of U/ Pb, Rb/Sr and: Th) U aaee in ot 
Dupal source mantle relative t to the reference mantle. Pik 


ne dereloned dune a diges aio continen : 


: extrac tion. {More crust was. exttaced from ther refer 





“Ahaggar 
Amsterdam (1) 


Bouvet (3) 


. Cape Verde (2) 
Christmas 
< Comores (2) 
Crozet (1) 
Discovery (1) 
Easter (2) 
_ Fernando d’ Noronha (2) 
. Fiji 
Galapagos 
Gough 

_ Guadalupe 
= Hawaii 
_ Teeland 
Kerguelen 

_ Marion-Prince Edward 
Marquesas 
NE seamounts 
NE Pacific seamounts 
Nunivak (1) 
Potrillo (1) 
- Pribilofs 


- Rapa (3) 


Raratonga (2) 
Reunion (2) 

Rio Grande Rise (1) 
Ross 

San Carlos (1) 

San Felix (1) 

St Helena 

St Paul (1) 

St Paul’s Rocks (1) 
Tahiti 

Trindade 

Tristan da Cunha 
Tubuai 

Walvis Ridge 

W. Victoria 


19.915 
19.170 
19.568 
19.731 
19.445 
19.600 
19,080 
18.896 
19.300 
18.913 
18.246 
19.200 
19.501 
18.688 
18.953 
18.435 
20.151 
18.338 
18.752 
18.188 
18.570 
19.107 
20.458 
18.575 
18.628 
18.541 
18.912 
19.051 
18.338 
18.800 
17.619 


19.870 


18.591 
19.312 
20.804 
18.684 
19.773 
19.006 
19.069 
18.551 
21.104 
17.914 
18. 444 


a a i 


15.653 
15.708 
15.625 
15.626 
15.652 
15.613 
15.560 
15.616 
15.549 
15.679 
15.609 
15.600 
15.631 
15.572 
15.547 
15.599 
15.620 
15.479 
15.502 
15.503 
15.548 
15,597 
15.672 
15.492 
15.457 
15.530 
15.485 
15.578 
15.536 
15.585 
15.490 
15.634 
15.508 
15.602 
15.789 
15.653 
15.638 
15.547 
15,559 
15.527 
15.770 
15,492 
15.567 


208 pp /20Ph 


39,525 
39.810 
39.112 
39.341 
39,065 
39.419 
38.900 
38.972 
39.300 
39.290 
38.723 
38.985 
39.429 
38.442 
38.586 
38.917 
40.134 
38.016 
38.382 
38.573 
38.412 
39.077 
40.406 
37.966 
38.112 
38.223 
38.364 
38.892 
38.973 
38.850 
38.073 
39.450 
37.981 
39.349 
40.091 
39.050 
39.360 
38.624 
38.945 
39.013 
40.354 
38.472 
38. 540 


8755 /86¢y o 


0.70328 
0.70400 
0.70282 
0.70379 
0.70369 
0.70307 


sanaram 


0.70368 
0.70411 


0.70320 


0.70369 
0.70317 
0.70532 
0.70326 
0.70338 
0.70317 
0.70492 
0.70320 
0.70451 
0.70329 


0.70297 
0.70320 
0.70284 
0.70370 
0.70420 
0.70410 
0.70476 
0.70323 
0.70298 
0.70409 
0.70293 
0.70383 
0.70341 
0.70411 


0.70507 
0.70277 
0.70457 
0.70425 
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Also utilized are Sr isotope data on Gough, St Paul, Kerguelen, Amsterdam (S.R.H. and C. Brooks, unpublished data), and Kerguelen, E 


Guadalupe, Gough, Tristan and St Helena’. 


Numbers in parentheses after locality are the least numbers of analyses involved in cases for: ‘ 


n<4, Pb data from ref. 9 has been normalized to absolute values using California Institute of Technology Pb standard data of ref. 45. 
* Unpublished data from S.R.H. and + J. Morris, $ A. J. Erlank, § H. Staudigel, || D. Gerlach. 


some means is required to produce the apparent secondary 
isochron Pb—Pb arrays observed in intra-island basalt suites, 
and in the reference reservoir suites as a whole. This requires 
a process, with a mean age of ~2;000 Myr, that will increase 
the U +Th/ Pb ratio of all oceanic mantle sources. Core-pumping 
of Pb has been advocated for this’, as has concentration of Pb 
into the lower crust'’. Mixing with ancient high U/Pb oceanic 
© crust (with present 206 py /24 pp > that of St Helena) has also 


: been advocated’. I have little to add to the problem of the Pb- 


paradox, other than my prejudice that the Dupal anomaly pre- 
. dates, and is perhaps not even related to, the events which have 
created the oceanic Pb paradox. 

(4) As outlined, the Dupal anomaly is globe-encircling and 
restricted to the Southern Hemisphere. I have argued above that 
this anomaly has probably existed as a mantle entity for billions 
of years. 

‘Support for the antiquity of this anomaly comes from Sinha” 
o compiled existing Pb isotope data for continental rock and 
leads of all ages, and showed that samples from the Southern 

isphere fall along a higher u growth curve than did those 
1 Northern SR oae gisa ji of 9. 3 and 


many of these leads appear to be generated in an are 

and may involve rather extensive mixing in sedimentary en 
ments. Sinha did not compile 7°*Pb/?™Pb data, so the existe 

of a A8/4 anomaly in this continental data set is not verifiabl 
at present. 

Note that the rock Pb isotopic data sets compiled by Man 
et al™, also show the Sinha divergence. The eight So 
Hemisphere data sets have a higher average *°’Pb/?™Pb int 
cept value than do the 12 Northern Hemisphere data sets. 
sets consist of data of variable analytical quality, and repres 
a diversity of rock types with both crustal and mantle aff 
If the Sinha hemispheric Pb divergence withstands 
scrutiny, two important conclusions are implied: : 
divergence is genetically related to the Dupal anomal 
Dupal anomaly is indeed of ancient constitution ; 
existence of a Dupal-type anomaly i in continental ro 
a genetic link between oceanic island mantle and 
crust. Because the continental crust is presumed to 
the mantle, it could carry the. Dupal Spaar y M 


reinjection of continental. material; the signatu 
origwaliy | bred in the Gondwana crust 











cient parentage where were these continental blocks and 
oceanic reservoirs in the past? Have they been anchored to the 
3 ) ithern Hemisphere? Could there be a mantle convection 
te which would not, in billions of years, destroy the isotopic 
lature of the Dupal mantle, and which would not decouple 


a he geographical positions of the Dupal continents and mantle 
“reservoirs? 
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F E most characteristic feature of the vertebrate immune system 
is its capacity to respond to an enormously diverse set of anti- 
enic determinants. At the molecular level this capacity has been 
raced to an equally diverse set of glycoproteins that are synthe- 
ized in B and T lymphocytes. The glycoproteins produced by 
cells, called antibodies or immunoglobulins, recognize and 
bind free antigens and are responsible for humoral immunity, 
~ ‘the T-cell molecules, commonly called T-cell receptors, 
ze cell-bound antigens in the specific molecular context 
major histocompatibility complex (MHC) products’? 

esponsible for cellular immunity. The MHC-restriction 
uired phenomenon*” determined not by the genotype 
ells but by that of the host thymus in which the T cells 


Dupal anomaly i is ‘détined on the basis of the present position | 
he oceanic islands and continents. If the anomaly is of 


omplete primary structure of a heterodimeric T-cell 
receptor deduced from cDNA sequences 


Haruo Saito, David M. Kranz, Yohtaroh Takagaki, Adrian C. Hayday, 
Herman N. Eisen & Susumu Tonegawa 
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related, but distinct, cDNA clones have been isolated and sequenced from a functional murine cytotoxic T-lymphocyte 
ne. The genes corresponding to these cDNA are expressed and rearranged specifically in T cells and both have similarities 
se hindered variable and constant region genes. It is concluded that these genes code for the two subunits of the 
terodimeric antigen receptor on the surface of the T cell; its complete deduced primary structure is presented. 


ent approach, succeeded in isolating T-cell-specifiċ-. T) 
. clones - of mouse or human origin wl ich show 












by analysis of basaltic rocks from both oceanic and contine 
regimes in the Southern Hemisphere. It will also be useful. 
search for Dupal signatures in Southern Hemisphere volcani 
arcs. ee ae . $ 
I thank B. Taras for the use of his data on the 
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position they occupy in immunological phenomena, the 
chemical nature of the T-cell receptors has been elusive’. Only 
recently has the first glimpse of these molecules been obtained 
through the development of effective antisera and monoclonal 
antibodies that recognize and precipitate clone-specific proteins 
on the surface of functional T-cell clones, hybridomas or T-cell 
tumours*'°. These studies suggested that the portion of the 
receptor determining specificity is a heterodimeric glycoprotein 
corresponding to a molecular weight (M,) of about 90,000 (90K) 
consisting of a 40-45K a-subunit and a 42-44K B-subunit. 
Moreover, peptide fingerprint analysis suggests that both the a- 
and 8-subunits, like immunoglobulin heavy and light chains, 
are composed of variable (V) and constant (C) regions", 
These studies, however, have not provided a primary structure 
because of the difficulty in preparing a sufficient amoun 
purified receptor protein. 


More recently two groups of workers, using an entirely diffe 






















Pyull EcoRI 


Pvul EcoRI BamHI 


Fig. 1 Southern blot analysis of DNA from BALB/c embryos, 
myeloma P3 (BALB/c derived), and CTL 2C (BALB.B). DNA 
was digested with the indicated restriction enzymes, elec- 
trophoresed through 0.8% agarose, blotted onto nitrocellulose, 
and hybridized with *’P-labelled, nick-translated inserts from clone 
pHDSI1 (a) or clone pHDS4 (b). Hybridization was carried out 
at 42°C in 50% formamide and 4 xXSSC. The filters were washed 
at 65 °C in 0.25% SSC. Separate experiments showed that BALB/c 
and BALB.B embryo patterns are indistinguishable. 


homology to immunoglobulin genes'*"'°. Consistent with their 
interpretation that these cDNA clones represent one of the two 
subunits of the receptor, one group has shown that the cDNA 
encodes a protein composed of an amino-terminal V and a 
carboxy-terminal C region’®. They also showed that the corre- 
sponding genomic DNA sequences have undergone clone- 
specific somatic rearrangements in various T-cell lines'*!°. As 
the predicted amino acid sequences encoded by the mouse and 
human cDNA clones isolated by Hedrick et al.'° and Yanagi et 
al.'*, respectively, are highly similar in the C regions, it is very 
likely that they represent only one of the two subunits of the 
T-cell receptor. 

We have applied the subtraction-cloning method of Davis 
and his co-workers'* to a clone of murine alloreactive, cytotoxic 
T lymphocytes (CTL) and have identified two clearly distinct, 
mutually ‘non-cross-hybridizing T-cell-specific cDNA clones. 
Both of these clones show significant sequence homology to 
immunoglobulin light and heavy chains as well as to the putative 
receptor genes‘of Hedrick et al.'° and Yanagi et al'*, In fact, 
one of our cDNA clones and those of Hedrick et al. have a 
virtually identical nucleotide sequence in the entire constant 
and 3’ untranslated regions. In addition, the genes corresponding 
to both types of our cDNA have undergone rearrangements in 
this as well as other cytotoxic T-cell clones. 

On the basis of these findings we believe that we have iden- 
tified and sequenced the genes coding for both subunits of the 
heterodimeric T-cell receptor of a functional CTL clone. We 
report here the predicted complete primary structure of this 
T-cell receptor. 


y Isolation of T-cell-specific cDNA clones 

-The alloreactive CTL clone 2C, of BALB.B origin and specific 
| of the D end of the BALB/c H-2 complex (d 
as been described previously'’. The cDNA synthe- 
* RNA from 2C was subtracted twice with 


































Fig. 2. RNA blot analysis of poly(A)* RNA from various B- and. 
T-cell lines. RNA was extracted from B-cell lymphomas A20-2J - 
and CHI and alloreactive (H-2° anti-H~-2°), cytotoxic T- 
lymphocyte clones 2.1.1, 1.5.2, G4 and 2C. Approximately 1.5 pg 
of poly(A)* RNA were denatured with glyoxal and electrophoresed — 
through 1% agarose in 10 mM sodium phosphate buffer, pH 6.5. 
RNA was transferred to nitrocellulose and hybridized to *’P- 
labelled, nick-translated inserts from clone pHDSII (a) or clone — 
pHDS4 (b). Positions of rRNA markers (5.0 and 1.8kb) are as 
indicated. 


he 


poly(A)* RNA from a mouse B-cell lymphoma, A20-25 {f 

18), according to Hedrick et al.'* and a library was constructed 
from the subtracted cDNA using the vector pBR322 and a 
standard G-C tailing method. A quarter of this library, contain. 
ing about 20,000 independent cDNA clones, was subjected 
differential screening using two hybridization probes. The 
was the 2C cDNA prepared from the poly(A)” RNA of me 
brane-bound polysomes by subtraction with poly(A)” R 

from another B-cell lymphoma, CH-1 (ref. 19). The second w: 
the cDNA prepared from the total poly(A)” RNA from A20- 
One hundred and forty 2C-specific cDNA clones were ident 
and their plasmid DNA was used as hybridization probe 
series of RNA blotting experiments in order to confirm 
T-cell-specific expression of the corresponding genes. Thi 
mitted us to group the T-cell-specific cDNA clones into at le 
10 sets according to the sizes of the corresponding mRN 
present in 2C. One was judged to be for the T-cell-speci 
surface marker Thy-1 on the basis of its hybridization to a 
previously identified Thy-1 cDNA clone (a gift of Mark Davis). 








Two distinct cDNA classes 


As was the case in the work of Hedrick et al.'*'®, one of out 
assumptions was that the receptor genes in question are 
arranged in CTL. Thus we used representative CDNA clones o 
each set as hybridization probes and compared EcoRI-diges 
genomic DNA from 2C and BALB.B embryos by Southern b 
analysis (data not shown). This screening led to the identifi 
of two distinct classes of cDNA, one represented by 
pHDSI1 and the other by clones pHDS4 and pHDS20 
genes of which are rearranged in 2C. The other classes o 
did not give any indication of DNA rearrangement 
Figure la, b shows the results of more extensi 
blot analysis carried out using clone pHDS11 a! 
hybridization probes A respectively. Th e results cå 
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First, the hybridization p< ô 


ized as follows.. 












early distinct, confirming that the two classes _ 


DNA clones represent two different sets of genes that do 
lot Cross-hybridize to a detectable level in the conditions used. 
econd, with either probe the hybridization patterns obtained 

with 2C DNA are different from the patterns obtained with 
BALB embryo DNA. Third, the myeloma P3 DNA patterns are 
ame as the embryo DNA patterns. In addition, DNA from 
different CTL clones was analysed and each gave patterns 
different from those of embryo DNA with at least one enzyme 
(data not shown). Considering the multiplicity and specificity 
Of the pattern differences, these results Strongly suggest that 
genes corresponding to both cDNAs have undergone gross 

Sequence rearrangement in 2C. 

_.. The T-cell-specific expression of these genes has been con- 
firmed by analysing poly(A)* RNA from 2C and three other 


- Independently derived alloreactive CTL as well as two B-cell 


=- lymphomas, A20-2J and CH1. As shown in Fig. 2a, b, each of 
< the two cDNA probes detected RNA of distinct sizes in all four 
CTL but not in either of the B-cell lymphomas, although the 
relative content, and in some cases the size, of the RNA varied 
somewhat between CTL. When analysed with the clone pHDSII 
probe, CTL 2C, 1.5.2 and 2.1.1 all gave a major RNA component 
of about 1.3 kilobases (kb) while CTL G4 contained two major 
components of 1.4 and 1.2 kb. On the other hand, all four CTL 
ave a 1.5kb RNA component with the clone PHDS4 probe. 
Nucleotide sequence analysis 
‘he restriction maps of the three cDNA clones, pHDSI11, 
DS4 and pHDS203, were constructed by standard procedures 
ig. 3), and the DNA sequences were determined by the method 
of Maxam and Gilbert” according to the strategy shown in Fig. 
. As both the restriction maps and DNA sequences (see below) 
nfirm that pHDS4 and pHDS203 are derived from the same 
ne while pHDSI1 represents a distinct one, we will describe 
“sequence features of the two genes separately. 
ihe entire nucleotide sequence of the 1,054 base pair (bp) 
nsert of clone pHDSII is shown in Fig. 4a. The longest open 
eading frame is composed of 879 nucleotides whose corre- 
iding amino acid sequence of 293 residues is also shown in 
3. 4a. For reasons given below, the codons are numbered 
rting with the triplet GAC at nucleotide positions 36-38. 
etween codons 110 (Glu) and 236 (Cys) the pHDSI1 sequence 
identical to the sequence of the corresponding region of 
Hedrick et al.’s thymocyte cDNA clone, 86TI (ref. 16), except 
for one base pair difference in codon 159 (Arg). According to 
-authors this region defines the major body of the C region: 
odons 109 (Leu) and 110 (Glu) define the joining (J) and C 
gion boundary while codon 236 (Cys) precedes the N-terminus 
of the transmembrane segment. The sequence identity is even 
ore striking between pHDSI1! and 2B4.71, the latter being a 
DNA clone isolated from a T-helper cell hybridoma specific 
igeon cytochrome c (ref. 21). From codon 109 (Leu) the 
o sequences are virtually identical throughout the C regions 
nd the entire 3' untranslated regions. The exceptions are two 
base pair differences, one in codon 159 (Arg) and the other at 
nucleotide position 992. 
_ Between codons 97 and 109 the PHDSI1 sequence is similar 
to but distinct from the corresponding sequence of 86T] or 
2B4.71. As pointed out by Hedrick et al.'®. this region is strikingly 
homologous to the J segments of immunoglobulin genes. In 
fact the pHDSI1 J sequence corresponds exactly to the sequence 
the J;7 genomic segment recently identified and characterized 
ien et al?', 
een codons | and 97 the pHDS11 sequence is quite 
from the sequence of the corresponding region of either 
:2B4.71 (Fig. Sa). However, patches of conserved 


dues clearly exist throughout the three sequences and also 
hese sequences and those encoding immunoglobulin 

of both light and heavy chains (the latter not shown). 
"noteworthy conservations are the two Cys residues 
volved in intra-domain disulphide linkages in 


gions (residues 23 and 9 L in Figs. 4a and 


< pyrollidone carboxylic acid residi 


a pHDSII 


b  pHDS203 C= 


Fig. 3 Restriction maps of the inserts of cDNA clones isolated == 
from CTL 2C. The maps were constructed by the standard single, = 
double or triple digestions of the plasmid DNA. The V, J, C and 
5- or 3’-untranslated regions are shown by &, @, @ and O, 
respectively. Also shown are the sequencing strategies used to 
produce the nucleotide sequences shown in Fig. 4. The S- and 
3'-end labellings are indicated by O and @, respectively. 


5a). The Trp residue that is universally conserved in immuno- 
globulin V regions is also present in the corresponding position 
of the T-cell proteins (residue 34). 

At the 5’ end of the open reading frame (see Fig. 4a) there 
is a stretch of 11 highly hydrophobic residues that probably 
comprise part of a signal peptide”. The position of the N- 
terminal residue of the mature protein is ambiguous. However, 
homology between the pHDS11 protein and immunoglobulin 
V regions, particularly V, regions”, suggests that Asp at position 
l is the N-terminal residue. . | 

As already pointed out by Hedrick et al.'®, another stretch of 
a highly hydrophobic region of about 22 residues, evidently 
constituting a transmembrane peptide, occurs immediately. 
before the C-terminal 5 hydrophilic residues: the latter are 
thought to extend into the cytoplasm. Overall, the gene defined 
by pHDS11 can encode a processed protein of 282 residues with 
a molecular weight of 32K. _ a : 

The composite nucleotide sequence of 1,286 bp defined by 
the two overlapping cDNA clones PHDS4 and pHDS203 is 
shown in Fig. 4b. The longest open reading frame begins with - 
the Met codon at nucleotide positions 88-90, extends over a 
stretch of 912 bp, and ends at nucleotide position 999. Th 
predicted amino acid sequence is also shown in Fig. 4b. Tt 
sequence is significantly homologous to those of PHDSI1, 86T1, 
93G7 immunoglobulin heavy chain, MOPC603 immunoglobulin 


This is shown 


gions (FR) of immunoglobulin _ 
V regions. In addition, many of the residues shared by the five 
non-pHDS4/203 proteins are also shared by the pHDS4/203 
protein. These residues (indicated in Fig. 5b by *) include the 
Cys residues involved in the intra-domain disulphide linkages 
as well as the Trp residue which is universally present at the 
boundary of the first hypervariable (HV-I) and FR-2 segments 
of all immunoglobulin V regions studied to date”? SoD 
As in the pHDSI1 protein, the peptide at the amino-terminal 
end of the pHDS4/203 protein is highly hydrophobic and 
most probably constitutes a signal peptide. Accordingly. the 
N-terminal residue of the processed protein cannot be un- 
ambiguously determined from the cDNA sequence. However, 
we believe that the N-terminal residue is the Gin at position 1. 
in Figs 4b and 5b. This is because the N-terminal residue of th 


a-subunit of the T-cell receptor is blocked, probably by 
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CCATCCACTC CAGAAGTCCC CICCCCCAGA AGCCTGAAAC ATTAAAATTC TAGTACCCAT AGCCTACAGC TTTTACCCAT GOCCCTT 


communication). In addition, this residue number assignment 
places the first conserved Cys residue at position 21, which is 
-şimilar to the position (22 or 23) of the corresponding Cys 
residues in immunoglobulin regions” 

Near its carboxy-terminus the pHDS3/ 203 protein also con- 
tains the second highly hydrophobic peptide of about 20 residues 
reminiscent of a transmembrane peptide. This region is followed 
~ bya hydrophilic C-terminal segment of 12 residues which prob- 
ably comprises an intracytoplasmic peptide. The processed pro- 
tein is 286 residues long and the calculated molecular weight is 


33K. 
The a- and fB-chain 


On the basis of T-cell-specific expression, T-cell-specific Te- 
















the cDNA clones reported by Hedrick et al.'®, Yanagi et al.'* 
and Chien et al?” have been thought to code for one subunit 
of. the murine and human T-cell receptor. That this subunit is 

hain has rec ntly been shown by E. L. Reinherz and his 
al com unication), bee have purified the 
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Fig. 4 The determined nucleotide 
and predicted amino acid sequences o; 
of cDNA clones pHDSI1 (a) and 
pHDS4/pHDS203 (b). The numbers: 
given above the amino acid sequen- >. 
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The numbers on the right show 
nucleotide positions. The negative 
numbers are for predicted signal 
peptides. The V, J, C, TM (trans 
membrane) and CY (cytoplasmi 
regions are indicated although the 
exact boundaries are somewha 
“10 ambiguous. The cysteines thought. 
be involved in intra-domain or int 
chain disulphide linkages are indi- 
cated. The two nucleotides that 
different in the C or 3’-untranslat 
regions of pHDS11 and 2B4-71- 
21) are indicated by *. The oligo: 
nucleotide thought to be a signal fi 
the poly(A) attachment site is under 
lined in a. 
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and determined the amino acid sequence of the N-ter 
region. This sequence matches well with the N-terminal ami 
acid sequence predicted from the nucleotide sequence. of 
human cDNA clone of Yanagi et al.'*. We have shown. th 
pHDSI1 gene is expressed and rearranged in CTL, but notin | 
B-lymphoma cells, and that the C-terminal half of the protein _ 
encoded by this gene is similar or identical to the corresponding 
regions of the proteins encoded by the clones reported by Yanagi 
et al'*, Hedrick et al.' and Chein et al.”'. Thus we can conclude 
that clone pHDSI1 encodes the -subunit of CTL 2C, 
The gene defined by cDNA clones pHDS4 and. pHDS 02 
also expressed and rearranged specifically in T cells.” 
and the £- chain gene are oy distinct and. d T 
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2C a polypeptide chain 
*. Approximate boundaries of 
ulin V regions are indicated by arrows. 











lunoglobulin-like domains, a transmembrane peptide and a as is characteristic of immunoglobulins. The obligate participa- 
plasmic peptide of similar sizes in the two chains. Earlier tion of two different subunits in the formation of a Single © 
at the protein level indicated that the mouse receptor is 


osed of two different subunits of similar size held together 











combining site means that combinatorial variability is likely to 
| contribute to structural and functional diversity of these - 
ne or more disulphide linkage(s)*"". In agreement with receptors. an Ct aa 
ndings, the predicted molecular weight (33K) of the The protein molecular weights of the a- and A-subunits are 
4/203 protein is very similar to that (32K) of the B-chain each about 10K less than the apparent molecular. weight. ob- 
ed by pHDS11. Also, the PHDS4/203 protein and the served in SDS-PAGE. The difference suggests that the subunits 
IS11 B-chain each contain one Cys residue in corresponding are glycosylated. There are four potential sites for N -glycosyl: 
ositions (234 and 236, respectively) that lie outside the tion of the B-subunit but none in the a-subunit. It is possible 
unoglobulin-like domains. These residues can provide the that the a-subunit is’ O-glycosylated on serine and threonine 
ilated inter-chain disulphide linkage. Thus, while direct residues, 
fidence is yet to be produced it is very likely that pHDS4/203 
des for the a-subunit of the CTL receptor. 












































After the constant domain, each subunit has at its carboxyl — 
end a hydrophobic stretch of 21-22 amino acids followed by a | 
short stretch of 5(B) or 12(@) amino acid residues in which | 
cationic residues abound. As these segments correspond, respec- 
tively, to the transmembrane and cytoplasmic domains that are 

_ characteristically found in transmembrane proteins, they sup- 
port the proposed membrane location and receptor function of 
the gene products. -& 3s | 

The presence of a cysteine residue in the cytoplasmic domain 
of the a-subunit might provide an SH group for dynamic 



















separated in the linear 
eq 60-70 residues. Amino acid sequence similarity 
globulin V regions (Fig. 5b) point to V (or V+D), 
terminal domain of the a-subunit 2Cq J 
s previously proposed for the corresponding domain of 2Cg J 
ubunit (VJZ, 86TIJ 
ne residues at positions 234 and 236 of the a- and Consensus Jj, 
its, respectively, could well form a single inter-chain Consensus J, 

Consensus J, 




















located close to the cell outer membrane. This bond 
the two subunits in the intact molecule and account 





Fig. 6 Comparisons of the J region sequence of 2C a (predicted 
from pHDS4/203) and those of 2C 8 (predicted from pHDS11) 
 B6TI (ref. 16), and immunoglobulin Jg, Ja and J, (ref. 23) co 
oh betwee SCL TL 






üs sequences. Those residues, common between 
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Fig. 7 Proposed overall structure of the 2C receptor. Each recep- 
tor molecule is made up of two chains, a and B, each with two 
extracellular immunoglobulin-like domains, an amino-terminal 
variable and a carboxy-terminal constant domain. Each of these 
domains is stabilized by an S-S bond between cysteine residues. 
Two chains are held by a single inter-chain S-S bond located close 
to the cell’s outer membrane. The protein is anchored on the 
membrane by two (one for each chain) hydrophobic transmem- 
brane peptides. A short carboxy-terminal peptide rich in cationic 
residues extends into cytoplasm in each chain. The 5H group of 
the cystein residue present in the cytoplasmic peptide of the a- 
subunit may interact dynamically with a membrane or cytoplasmic 
protein and thereby may be important for the cell's effector func- 
tion. Both a- and -chains are glycosylated, although the exact 
site(s) and extent of glycosylation are unknown. 
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_ interactions between the receptor and other molecules of the cell 
membrane (such as T3 (ref. 9) in human CTL) or perhaps the 
cytoskeleton. The need for a functional association with such 
_ accessory structures is suggested by the overall resemblance of 
-the proposed model to Fab fragments of immunoglobulin 
< molecules: as is well known, these fragments have ligand- 
` binding activity but lack effector functions. 
- These data throw light on the question of whether CTL and 
. T-helper cell receptors are encoded by the same or separate sets 
of genes. We will consider the V and C regions separately 
- because the two regions are encoded by distinct gene segments 
` (ref. 21 and our unpublished observations). In immunoglobulin 
` molecules the primary function of the Vy and V, regions is, of 
course, to determine antigen specificity. Each of the multiple 
Cy regions defines an immunoglobulin class and carries a dis- 
tinct effector function. The primary function of the C, region 
is unclear. It is not required for antigen specificity but may be 
necessary to enhance L-H gene interactions or to facilitate some 
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difference.) This conclusion is supported by two observations. . - 











































First, the near identity of the two cDNA sequences occur not 
only in the C regions but also in the 3’ untranslated regions 
Second, the J segments in the two cDNAs are different bui 
belong to the same cluster linked to a single C gene segment 
While sequencing of more B genes is required before a firm 
conclusion can be drawn, these results already suggest strongl; 
that the same C gene segments are used for B chains of CT 
and T-helper cells. : 
Concerning the V regions, several earlier observations” 
suggested that CTL and T-helper cell receptors use non- 
overlapping sets of gene segments that have evolved separat 
under different selective pressure: first, the antigen reperto 
seem to be quite different; second, different classes of | 
gene products restrict CTL and T-helper cell responses; th 
no clearly demonstrated case of T-cell reactivity that crosse: 
MHC class barrier has been reported (D. Raulet, perso 
communication). An alternative view is that CTL and T-hel 
cell receptors share a common pool of germ-line gene segme: 
for V regions and that the distinction between function a 
by somatic selection. s 
The amino acid sequences predicted by the 2C 8 cDNA 
pHDS11) and 2B4 B cDNA (clone 2B4.71) are only similar 
21% of residues in the V (or V+D) segment-encoded region 
(Fig. 5a). This is substantially lower than the similarity ob: 
between any pair of immunoglobulin V, segments (4 ) 
and is even less than that observed between the Ca region 
the immunoglobulin C, or C,, domain (22% and 31% 
tively)'®. While characterization of more Vg regions is requ 
before a firm conclusion can be drawn, the v jë 
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I VIDUAL. inultipotential stem cells can give rise . to all of 
different ‘cell types of the haematopoietic and. lymphoid 
ms’ . Although this process is poorly understood, it has 
me apparent from in vitro studies that the proliferation, 
ferentiation and functional activation of the various blood 
isare controlled by a group of glycoprotein regulator factors 
ding erythropoietin, T-cell growth factor (IL2) and the 
ny stimulating factors (CSFs)*. The colony stimulating fac- 
hich regulate the formation of neutrophilic granulocytes 
acrophages have distinctive biological activities (M-CSF 
lective proliferative stimulus for macrophages’; G-CSF 
ranulocytes*; GM-CSF for both granulocytes and 
phages’), while multi- CSF—also known as interleukin-3 
i), burst-promoting activity’, P-cell stimulating factor’, 
li growth factor’ and haematopoietic cell growth fac- 
timulates the proliferation of not only neutrophilic 
cytes and macrophages, but also eosinophils, megakary- 
erythroid and mast cells''. Although it has been possible 
y all four colony stimulating factors, detailed analysis 
many. aspects of their biology and biochemistry has been 
pered by the limited quantities available. This problem can 
gely. circumvented by molecular cloning of the correspond- 
y gene sequences. . 

he present report describes molecular clones. corresponding 
M-CSF. GM-CSF: synthesized by mouse lung tissue is a 
glycoprotein of molecular weight 23, 000 (ref. 5) which is active 
at low concentrations (107''-107'? M) and is ‘required con- 
ti ously for the in vitro. proliferation of progenitor cells of 



































































commitment of these ‘progenitors to the formation of 
granulocytes and macrophages” * and can regulate the functional 
activity of the mature end cells”. A partial NH,-terminal amino 
acid sequence has recently been determined for GM-CSF iso- 
lated from mouse lung-co jitioned medium (L. Sparrow, D.M., 
T. Hunkapillar, L. Hood ind: A.W.B., manuscript in prepar- 
tio ig this pa o acid sequence, oligonucleotides 
omple ne: tary ve GM-CSF mRNA were apie 









cid a of € GM- CSF and Said it with that 


ai for a functionally related growth factor, multi- 
me 3) s 


nof GM-CSF clones 

issues contain and synthesize detectable amounts of 
although the levels are extremely low'>. To isolate a 
lementary DNA clone, we constructed a cDNA 
RNA from: the most active tissue available: lungs 


lar cloning of cDNA encoding a murine 
L haematopoietic growth regulator, f 
ĝi] ranulocyte—macro phage colony stimulating fact 


Nicholas M. Gough’, Jill Gough’, Donald Metcalf’, 
Anne Kelso’, Dianne Grail’, Nicos A. Nicola’, 
Antony W. Burgess’ & Ashley R. Dunn’ 


o! *) “Melbourne Tumour Biology Branch, Ludwig Institute for Cancer Research and + The Walter and Eliza Halli Institute of Medical Research, 
A | Post Office, Royal Melbourne Hospital, Victoria 3050, ‘Australia | oo E : 


© cDNA clones. specifying the murine granulocyt te~macrophage colony uals ieee: have been isolated: This 


haematopoietic growth factor is encoded by a unique gene specifying a messenger RNA of 1,200 nucleotides and a polypeptide 
of 118 amino o acids: It bears no structural similarity to the functionally related factor, interleukin-3, described recently, 


granulocytes and macrophages’. It also controls the irreversible — 


line TIKAUT (lane 1) and the plasmacytoma P3 (lane 2). 


-cand R. H. Whitehead, unpublished results) and M- -CS 


xin “The : bior was a tively: The very. low abundance of the transcript corre 








searched for GM-CSF clones by hybridization with: s 
oligonucleotides complementary to two short region: 
putative GM-CSF mRNA sequence, predicted from th 
NH.-terminal amino acid sequence of the protein. _ 
oligonucleotide probes complementary to two different region: 
of the mRNA to help rule out irrelevant clones: whilst some 
clones may contain sequences fortuitously complementary to 
one of the oligonucleotide probes, a clone containing the GM- 
CSF sequence would be expected to hybridize to both, Figure 
1 shows the GM-CSF amino acid sequence between residues 7 
and 16, the possible combinations of nucleotide sequences tha 
could encode this peptide and the oligonucleotides that were 
used as hybridization probes. As the assignment of amino acid 
9 was equivocal (being either histidine or cysteine), two differen: 
sets of oligonucleotides encompassing this region were synthe 
sized; probe | assumes a histidine and probe 2 a cysteine residue 
The second region chosen within the amino acid sequ 
required an extremely degenerate set of oligonucleotides ¥ 
were synthesized as two 48-fold degenerate sets (probes 3. 

In the initial screening, all four sets of oligonucleotide. 
were used as a mixture (see legend to Fig. 1); screen 
~100,000 cDNA clones yielded 22 positives, of which tw 
(pGM37 and pGM38) hybridized separately with probe i anc 
with a mixture of 3 plus 4 and were therefore strong candidate 
to contain sequences coding for GM-CSF. In order to confirm 
their identity, we asked whether transcripts complementary ti 
these cloned sequences were present in cells that synthes 
GM-CSF; whether DNA from these clones could specifica 
select, by hybridization, biologically active GM-CSF mRNA 
and whether the nucleotide sequence of the clones could sncod. 
the known GM-CSF protein sequence. T 


Detection of GM-CSF mRNA 


Initially we determined whether the abundance of ranschpi — 
corresponding to pGM38 in various cell types paralleled the ` 
ability of those cells to synthesize GM-CSF. Messenger RNA 
from mouse lung (which synthesizes GM-CSF) and from various 
cells which do not synthesize GM-CSF was fractionated on . 
formaldehyde-agarose gels, transferred to nitrocellulose and 
hybridized with a probe derived from pGM38. Figure 2 shows | 
that this probe detected a low abundance transcript of about — 












































_ 1.2 kilobases (kb) in mRNA from mouse lung (lane 3), but not _ 


in mRNA from several randomly selected cell lines which do _ 
not synthesize GM-CSF, including the thymoma-derived cell _ 










Furthermore, this probe failed to detect any transcript in mRNA : 
from WEHI-3B D` (lane 6), RHI (lane 7) and L cells (lane. 8 
which synthesize multi-CSF°, G-CSF (N.A.N., G. R. Johnsi 
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R? W fisin ven 
frequency of pGM38-related cDNA clones in the lung cD [A 
‘library (~1 in 50,000). 
As a more critical test of whether transcripts complementary 
o pGMB83 correlated with GM-CSF production, we used a 
Joned T lymphocyte cell line (LB3) in which the synthesis 
of both GM-CSF and multi-CSF is induced by concanavalin A 
(A.K., D.M. and A.W.B., unpublished results). Figure 2 shows 
‘that the pGM38-derived probe detected an abundant mRNA in 
= LB3 cells that had been stimulated with concanavalin A (lane 
< 5) but failed to detect any transcript in mRNA from unstimulated 
© EB3 cells (lane 4). As the probe used does not hybridize to the 
multi-CSF mRNA in WEHI-3B D` (lane 6), it is likely that 
© pGM38 hybridized to the GM-CSF mRNA in LB3 cells. 


- Synthesis of GM-CSF in Xenopus oocytes 


As a direct test of the identity of pGM38, we sought to establish 
. whether this cDNA could specifically select, by hybridization, 
biologically active GM-CSF mRNA. GM-CSF mRNA was iden- 
tified by translation in Xenopus oocytes and the culture medium 
assayed for ability to stimulate granulocyte/macrophage pro- 
liferation in three microculture systems: (1) liquid cultures con- 
“taining purified fetal liver haematopoietic progenitor cells, which 
respond directly to all four colony stimulating factors'*!?; (2) 
-micro-agar cultures containing bone marrow cells, in which the 
-formation of morphologically identifiable granulocyte and 
macrophage colonies can be stimulated by all four colony stimu- 
lating factors; and (3) liquid cultures containing the factor- 
dependent mast cell line, 32D C13 (ref. 20), which responds to 
multi-CSF but not GM-CSF”'. From this set of assays, GM-CSF 
‘and multi-CSF can be unambiguously distinguished. 
< Initially we tested whether pGM38 DNA could select GM- 
-CSF mRNA from mouse lung RNA. After injection of unfrac- 
-tionated lung mRNA or mRNA selected by hybridization to 
-pGM38 DNA into Xenopus oocytes, very low levels of CSF 
activity could be detected in the culture media, a finding that 
was anticipated from the very low abundance of mRNA corres- 
ponding to pGM38 in mouse lung (Fig. 2). By contrast, mRNA 
from concanavalin A-stimulated LB3 cells (which synthesize 
both GM- and multi-CSF) is rich in mRNA corresponding to 
pGM38 (Fig. 2) and, on injection into Xenopus oocytes, repro- 
ducibly directed the synthesis of high levels of material stimu- 
lating the proliferation of fetal liver and 32D C13 cells (Fig. 3). 
Triplicate filters containing either pGM38 or vector DNAs were 
therefore challenged with concanavalin A-stimulated LB3 
mRNA in a hybrid-selection experiment (see legend to Fig. 3). 
Figure 3a shows that medium from oocytes injected with mRNA 
selected by pGM38 DNA strongly stimulated fetal progenitor 
_ cell proliferation with the development of maturing granulocytes 
and macrophages (Fig. 4). These oocyte-conditioned media also 
stimulated typical”? granulocyte-macrophage colony formation 
in micro-agar cultures (18% granulocyte, 53% mixed granu- 
_locyte-macrophage and 29% macrophage colonies). In neither 
assay was there evidence that these oocyte-conditioned media 
stimulated the proliferation of erythroid, megakaryocytic or 
eosinophilic cells, hence the active factor appeared to be GM- 
CSF rather than multi-CSF. In confirmation of this conclusion, 
< these oocyte-conditioned media were found to be incapable of 
= stimulating proliferation of 32D C13 cells (Fig. 3b). Vector DNA 
alone failed to select mRNA corresponding to GM-CSF or 
~ multi-CSF (Fig. 3a, b). 

Taken together, these data indicate that pGM38 DNA can 
pecifically select a mRNA encoding a factor with the unique 
‘biological characteristics of GM-CSF from a mixture containing 
‘both GM-CSF and multi-CSF mRNAs. 

Nucleotide sequence of GM-CSF mRNA 

Nucleotide sequence analysis of the cDNA portion of pGM37 
and pGM38 revealed that these two clones, which contain 
“sequences. complementary to overlapping portions of the same 

















mRNA, contain the putative GM-CSF mRNA sequence. The 
a tween the cD! 
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Fig. 1 Synthetic oligonucleotides used for identifying GM-CSF 
clones. A portion of the amino acid sequence of murine GM-CSF 
(residues 7—16) is shown on the top line, the possible combinations 
of nucleotide (mRNA) sequences that could encode this peptide 
segment in the middle, and the four different sets of oligonucleotid 
probes complementary to regions of this mRNA sequence below 
Methods: The methods used for the construction and screening of 
the lung cDNA library were as follows. Ninety C57BL/6 mice 
were injected intravenously with bacterial endotoxin (Sug per 
mouse) and after 3 h the lungs were removed and cultured in vitro 
in serum-free Dulbecco’s modified Eagle’s medium'®. Total cellula: 
RNA was extracted, essentially as described in ref. 42, from batches 
of 30 pairs of lungs after 0, 5 and 15h of culture, pooled and then ` 
poly(A)-containing RNA prepared by oligo(dT)-cellulose _ 
chromatography. A duplex DNA copy of the pooled lung mRNA 
was synthesized using avian myeloblastosis virus reverse transcrip- 
tase for synthesis of the first-strand and Escherichia coli DN¢ 
polymerase I (Klenow fragment) for synthesis of the second stra 
using standard techniques**. After cleavage of the hairpin k 
with S, nuclease, oligo(dC) tails (approximately 20-30 residues 
per end) were added using terminal deoxynucleotidyltransferase* 
The tailed cDNA was fractionated by electrophoresis on a 1. 
agarose gel and molecules greater than 500 bases in length 
recovered and annealed to dG-tailed plasmid DNA. The plasmid 
used (pJL3) is an $V40-based expression vector (J.G., N.M.G an 
A.R.D., manuscript in preparation) that contains the B-lactam 
gene and origin of DNA replication from pAT153, the SV40 origin~ 
of DNA replication and T-antigen coding sequences and at 
cloning site adjacent to the SV40 late promoter. E. coli MCH 
(ref. 46) was transformed with the annealed cDNA-plasmid mi 
ture using a high efficiency transformation procedure (J.G., unpu 
lished) that yields > 10° transformants per pg of vector DNA. Pools 
containing approximately 2,000-3,000 ampicillin-resistant clones 
were stored in 10% glycerol at —70 °C. For screening by colony | 
hybridization, approximately 4,000 bacterial colonies from each e 
pool were grown on agar plates (containing 40 ug ml “i ampicillin), 9 
transferred to nitrocellulose filter disks and plasmid DNA” 
amplified by incubation of the filter on agar plates containing 
200 pg mi”! chloramphenicol”, After regrowth of colonies onthe = 
original plate, a second nitrocellulose filter was prepared. The 
master plate was regrown a second time and then stored at 4°C.. ee Ss 
Plasmid DNA was released from the bacterial colonies and fixed 
to the nitrocellulose filters’, Before hybridization, filters were 
incubated for several hours at 37°C in 6xSSC (SSC =0.13M : 
NaCl, 0.015 M sodium citrate), 0.2% Ficoll, 0.2% polyvinyl-py 
lidone (PVP), 0.2% bovine serum albumin (BSA) cor 
50 wg ml”! of denatured salmon sperm DNA and 10 pg mI" 
denatured E. coli DNA. Hybridization was in the same solut 
containing 0.1% NP40, at 37°C for about 18h. [he $ 
oligonucleotides (kindly supplied by S. Horvath and L. 
were radioactively labelled using [y-**PJATP and polyn 
kinase and each was presént in the hybridization re 
1.5 ng mi~}. After hybridization, filters were extensively. 5 
6 x SSC, 0.1% SDS at 42°C and then autoradiogra 
positive on duplicate filters were picked and res 
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_. Fig. 2. Detection of GM-CSF mRNA in various cells. 5 pg of 

poly(A) RNA from TIKAUT (lane 1), P3 (lane 2), mouse lung 
(ane 3), unstimulated LB3 (lane 4), concanavalin A-stimulated 
S LB3 (lane 5), WEHI3B D` (lane 6), RHI (lane 7) and L cells (lane 
8) were electrophoresed on 1% formaldehyde/ agarose gels, trans- 
-ferred to nitrocellulose and hybridized with a fragment of DNA | 
<- spanning the entire insert of pGM38 2p labelled by nick-transla- 
© tion*®, Hybridization was at 65°C for 16h in 2 xSSC, 0.1% SDS, 
0.2% Ficoll, 0.2% PVP, 0.2% BSA containing 50 pg mi’ of 
denatured salmon sperm DNA. LB3 (formerly B3)** is a cloned 
y-1*, Lyt-27, MT4* T lymphocyte line derived from BALB/c 
anti-DBA/2 mixed leukocyte culture, and maintained by weekly 
“ passage with irradiated DBA/2 spleen cells (1,500 R) in the pres- 
-ence of interfeukin-2. Concanavalin A-stimulated LB3 cells were 
prepared by culturing cells at 10° per ml with Spgml”’ con- 
canavalin A in tissue culture medium with 5% fetal calf serum for 
© Sh. The molecular weight markers used and their presumed 
~ molecular weights were: mammalian 28 and 185 rRNA (4,700 and 
1,800 nucleotides) and EF. coli 23 and 168 rRNA (2,904 and 1,541 
nucleotides). A low level of hybridization to residual 285 rRNA 
5 evident after long autoradiographic exposure (tracks 1-3). 
















































mRNA is shown in Fig. Sa. The nucleotide sequence given 
‘ig. 5b is a composite derived from both clones. A stretch 
0 adenosine residues, corresponding to the poly(A) tail of 
mRNA, preceded by the hexanucleotide AATAAA (found 
ard the 3’ terminus of most eukaryotic mRNAs”) is present 
ne end of pGM38. This allowed us to orient the sequences 
of the cDNA clones with that of the mRNA. 
he sequence presented in Fig. 5b contains a single large 
‘reading frame of 354 nucleotides; the amino acid sequence 
icted by this region is presented from the first residue of 
jature protein and is given above the nucleotide sequence. 


or four residues) with the partial NH,-terminal amino acid 
sequence for GM-CSF (L. Sparrow et al., manuscript in prepar- 
ation), which is shown above that predicted by the cDNA. Of 
the four discrepancies, two of the residues (20 and 24) had been 


rst residue of the mature peptide, which could not be deter- 
mined in the protein sequence, is predicted by the nucleotide 
sequence to be isoleucine. The primary structure of the protein 
deduced from the nucleotide sequence has a molecular weight 
< of 13,500, which is in good agreement with the apparent 
molecular weight of 16,800 for GM-CSF extensively deglycosy- 
ated with endoglycosidase F (A.W.B., unpublished results). 
‘Two potential N-glycosylation sites (Asn—~X-Thr)** which occur 
ithin the predicted amino acid sequence, are indicated in Fig. 
bby asterisks. 
pGM37 extends 20 nucleotides 5' to the first position presented 
$b and does not contain an initiation codon; several 
hobic amino acids are contained within this region (not 
a characteristic of signal peptides of secreted proteins”. 
of the GM-CSF mRNA is ~ 1,200 nucleotides (Fig. 2), 
i ~150 nucleotides are probably contributed by the 
i126, The 3’ untranslated region is 319 nucleotides and 
ncoding the mature protein 354 nucleotides (Fig. 
me 350 nucleotides remain for the putative NH- 


nal peptide and the 5’ untranslated region. — 





















i residues 2 to 29, the amino acid sequence is identical (but - 


nly tentatively assigned in the sequence of the protein. The | 


GM-CSF locus, and as there appears to be only on 








encoding GM-CSF in the mouse germ line (see bel 
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Dilution of oocyte conditioned medium 


Fig.3 Stimulation of cellular proliferation in suspension cultures 

of haematopoietic progenitor cells from fetal liver (upper panel) 

and multi-CSF-dependent 32D C13 cells (lower panel) by medium 

from mRNA-injected Xenopus oocytes. Unfractionated LB3 

mRNA is indicated by heavy lines. @—@®, mRNA selected by 

hybridization to pGM38 DNA; O—©, that selected by vector DNA 

alone: the three separate curves represent triplicate experiments. 

Methods: Hybrid selection was performed essentially as described 

elsewhere*”. pGM38 or vector (pJL3) DNA (S-pg aliquots) were 

bound to small squares of nitrocellulose and incubated with | -2 pg 

aliquots of concanavalin A-stimulated LB3 mRNA in 50% for- 

mamide, 0.5 M Tris-HCI pH 7.5, 0.75 M NaCl, 0.002 M EDTA, 

0.4% SDS, 10 pg ml! E. coli tRNA in a reaction volume of 30 pl 

at 37°C for 16 h. After incubation, filters were exhaustively washed 

in hybridization buffer at 37 °C and then in 10 mM Tris-HCI pH 7.5, 

2 mM EDTA at 52°C. Bound RNA was eluted by boiling for Lmin 

in 300 pl 10 mM Tris-HCI pH 7.5, 2mM EDTA containing | 5 pg 

of E. coli tRNA. RNA was precipitated by addition of sodium — 

acetate and ethanol and chilling at ~20°C for 16h. After centrifu- 

gation, precipitated RNA was washed with cold 70% ethanol, 

dried and redissolved in 1.5 p1 1 mM Tris-HCI pH7.5, 0.1mM - 

EDTA. For each RNA sample, groups of 30 Xenopus oocytes were 

injected with 50. nl of RNA per egg. Unfractionated LB3 mRNA 

was at | pg ml7! for injection and 50 ni was injected per egg. After a 

incubation of injected oocytes for 4 days, oocyte culture medium 

was diluted 1:2 in medium containing 5% fetal calf serum, filtered 9 

and 5-yl volumes assayed in serial dilutions in 15-pt cultures. iio 

containing 200 fluorescence-activated cell sorter fractionated 14.0 

day CBA fetal liver progenitor cells'* or 200 32D C13 cells”, Each = 

point is the mean cell count from duplicate cultures after 2 days 0 
of incubation. Rage 
















There are three discrepancies between the nucleoti 
sequences derived from the two cDNA clones (positions 23 
346 and 507), one of which (position 346) causes an amino acid . 
sequence ambiguity (Gly or Ser at amino acid residue 116). As- 
the mice (C57BL/6) from which the cDNA clones were isolated 
are highly inbred and hence should be homozygous at the 
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Fig. 4 Four-day suspension culture of purified fetal liver 

haematopoietic progenitor cells after stimulation by medium from 

oocytes injected with pGM38-selected mRNA from LB3 cells. Note 

mitotic activity and the production of maturing granulocytes and 
macrophages. 


likely that these three sequence ambiguities reflect artefacts 
created during cDNA synthesis?”’, and indeed reverse transcrip- 
tase has an error frequency on synthetic polynucleotides of 
approximately one in 600 nucleotides (ref. 28). 


GM-CSF is encoded by a unique gene 


As there are known to be multiple molecular forms of GM-CSF 
isolated from various mouse organs”, we tested how many genes 
the GM-CSF cDNA could detect in the murine genome. BALB/c 
embryo or C57BL/6 liver DNA digested with various restriction 
endonucleases was fractionated on agarose gels, transferred to 
nitrocellulose? and hybridized with a fragment containing the 
entire CDNA insert in pGM38. In both mouse strains, a single 
EcoRI fragment (Fig. 6, lanes 1, 2), a single Pst! fragment (lanes 
3, 4) and a single BamHI fragment (not shown) were detected. 
Since the PstI fragment is only 2.5 kb in length it is unlikely 
that this fragment could accommodate more than one gene. We 
therefore conclude that there is only one gene encoding the 
lung-type GM-CSF in the mouse germ line, barring the unlikely 
possibility that two (or more) genes are flanked by identically 
positioned EcoRI, PstI and BamHI restriction sites. 

Figure 6 also reveals that the GM-CSF gene is contained 
within the same EcoRI fragment in DNA from concanavalin 
A-stimulated LB3 cells (lane 6) as in embryo DNA (lane 5). 
No additional bands were evident in LB3 DNA nor was the 
intensity of hybridization different from that of embryo DNA, 
from which we infer that there are no alterations in the copy 
number or gross changes in the context of the GM-CSF gene in 
cells which synthesize large quantities of GM-CSF. 

In order to determine the chromosome on which the GM-CSF 
gene resides, we examined DNA from seven mouse—Chinese 
hamster hybrid cell lines which retain various mouse chromo- 
somes (see Table | in ref. 31). Southern analysis of the cell lines 
(not shown) indicated that the 22 kb EcoRI fragment present 
in the murine genome was absent from every hybrid cell line. 
As chromosome 11 is the only mouse chromosome not retained 
in any of these lines?’ (a characteristic of mouse—Chinese ham- 
ster hybrids**), we conclude that the GM-CSF gene is likely to 
be located on this chromosome. The GM-CSF gene is therefore 
unlikely to be linked to the four loci in the mouse, S/, W, an 
(ref. 33) and op (ref. 34), which are involved in the control of 
haematopoietic stem cell development and which are located 
on chromosomes 10, 5, 4 (ref. 33) and 12 (ref. 35) respectively. 


Comparison with other growth factors 


Four distinct colony stimulating factors with distinguishable 
biochemical and biological properties have been found to act 
within the granulocyte-macrophage pathway. Furthermore, 
multiple molecular forms of each of these factors have been 
observed'*"*-*’: the GM-CSF extracted from various mouse 
organs have different physical properties’®; indeed, it has been 
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tlelleValThrArgProTrpLysHisValGluAlalleLysGluAlaleuAsnLeuLeu 20 
ATAATTGTTACCCGGCCTTGGAAGCATGTAGAGGCCATCAAAGAAGCCCTAAACCTCCTG 60 


- Ser- - - i A 
ASpAspMet ProVal Thr LeuAsnG1uGluValGluVal ValSerAsnGluPheSer Phe 4e 
GATGACATGCCTGTCACGTTGAATGAAGAGGTAGAAGTCGTCTCTAACGAGTTCTCCTTC 


LysLysLeuThrCysValGInThrArgLeuLys!IlePheGluGinGlyLeuArgGlyAsn 6@ 
AAGAAGCTAACATGTGTGCAGACCCGCCTGAAGATATTCGAGCAGGGTC TACGGGGCAAT 


Phe ThrLysLeuLysG) yAlaLeuAsnMet ThrAlaSerTyrTyrGinThreTyrCysPro ga 
TTCACCAAACTCAAGGGCGCCTTGAACATGACAGCCAGCTACTACCAGACATACTGCCCC 240 
T 


ProThrProGluThrAspCysGl uThrGinval The ThrTyrAlaAspPheIleAspSer 
CCAACTCCGGAAACGGACTGTGAAACACAAGTTACCACCTATGCGGATTTCATAGACAGC 388 


Gly 
LeuLysThr PheLeuThrAsp!!eProPheGluCysLysLysProSerGinLysTER 
CTTAAAACCTTTCTGACTGATATCCCCTTTGAATGCAAAAAACCAAGCCAAAAATGAGGA 368 
G 


AGCCCAGGCCAGCTCTGAATCCAGCTTCTCAGACTGCTGCTTTTGTGCCTGCGTAATGAG 428 
CCAAGAACTTGGAATTTCTGCCTTAAAGGGACCAAGAGATGTGGCACAGCCACAGTTGGA 488 


AGGCAGTATAGCCCTCTGAAAACGCTAACTCAGCTTGGACAGCGGAAGACAAACGAGAGA 548 
G 


TATTTTCTACTGATAGGGACCATTATATTTATTTATATATTTATATTTTTTAAATATTAT 688 


TTATTTATTTATTTATTTTTGCAACTCTATTTATTGAGAATGTCTTACCAGAATAATAAA 668 


TTATTAAAACTTTAAAAAAAAAAAAAAAAAAAA 


Fig.5 a, Map of the GM-CSF mRNA and of clones pGM37 and 
pGM38. The mRNA is taken to be 1,200 nucleotides in length. 
The region of the mRNA encoding the mature protein is shown 
as a thick line. The untranslated regions are designated by UT and 
a putative precursor peptide by P. The regions contained within 
clones pGM37 and pGM38 are indicated with bars. pGM38 
extends from nucleotide 14 in the sequence presented in b to the 
poly(A) tail, whereas pGM37 extends from 20 nucleotides 5' to 
the sequence presented to position 574. b, Nucleotide sequence of 
GM-CSF mRNA. DNA fragments subcloned in M13 vectors™® 
were sequenced by the chain-termination method using dideoxy- 
nucleoside trisphosphates*'. Sequencing reactions were elec- 
trophoresed on thermostatically-controlled, 0.2 mm thick, 8% 
(w:v) polyacrylamide gels**. The nucleotide sequence given is a 


at three positions where the pGM37 nucleotide sequence differs 


composite of sequence derived from clones pGM37 and pGM38; — ve 


from that of pGM38 the pGM37 alternatives are given below the 
line. The sequence of the mRNA-synonymous strand is listed 5’ 
to 3’, with the predicted amino acid sequence of GM-CSF given 
above; numbers at the ends of lines indicate the position of the 
final residue (amino acid or nucleotide) on that line. The partial 
amino acid sequence determined by L. Sparrow er al. (manuscript 
in preparation) for GM-CSF is indicated above the sequence 
derived from the clones; at positions where there is no discordance 
between the two, dashes are given. The first amino acid residue, 
determined by analysis of the protein, could not be assigned, and 
is indicated by a question mark. Potential N-glycosylation sites** 
are indicated with asterisks, and the putative polyadenylation 
signal” is underlined. 


suggested that the GM-CSF produced by T lymphocytes may 
also represent a distinct form*®. However, after appropriate 
treatment to reduce carbohydrate and charge heterogeneity, the 
GM-CSF from different organs have been shown to have nearly 
identical biological and biophysical properties'°. Nonetheless, it 
is still unclear whether they represent products of multiple 
related genes or a single gene product with post-translational 


one gene in the mouse germ line corresponding to the lung-tyf 
GM-CSF, it is highly likely that the differences in the GM-C 
produced by different adult organs reflect post-translational 
modifications of a single product. Moreover, since the lung- 
derived GM-CSF cDNA can hybridize to the GM-CSF mRNA 
in the T-cell line LB3, this T-cell derived GM-CSF must be 


modifications. However, as we have shown here that there is oa 
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= Fig.6 Detection of the GM-CSF gene. DNA (20 yg) was digested 

-with EcoRI (lanes 1,2, 5,6) or Pst! (lanes 3, 4) and electrophoresed 
-on 0.8% agarose gels. After transfer to nitrocellulose”, the filters 
were hybridized with a fragment spanning the entire cDNA insert 
of pGM38, **P-labelled by nick-translation”. Hybridization was 
at 65°C for 16h in 2xSSC, 0.1% SDS, 0.2% Ficoll, 0.2% PVP, 
“0.2% BSA containing 50 pg ml” ' of denatured salmon sperm DNA. 
The DNA used in lanes 1, 3 and 5 was from 10 day old BALB/c 
mouse embryos, that in lanes 2 and 4 from C57BL/6 livers and 
: that in track 6 from concanavalin A-stimulated LB3 cells (see 
legend to Fig. 2). Fragment sizes are given in kilobases and were 
“determined” by reference to a HindIII digest of bacteriophage A 
DNA. 


ded by the same gene as the lung-type GM-CSF. Variants 
th different amino acid sequences from that of the lung-type 
M-CSF, and whose genes do not cross-hybridize with the 
ig-type GM-CSF, may of course exist. 
is intriguing to compare the sequence of GM-CSF with that 
ulti-CSF which, in addition to its other activities, has similar 
ions to GM-CSF in stimulating the growth of granulocyte 
nd macrophage colonies from committed progenitor cells'’”’. 
might not have been surprising if these two factors had shown 
rimary amino acid sequence similarity, reflecting a common 
eceptor binding site or similar modes of action within the cell. 
This is, however, not the case. When we compared the amino 
acid sequence of GM-CSF (Fig. 55) with that for murine multi- 
1314 using the ALIGN computer program’, we found only 
ne cluster of three consecutive amino acids in common between 
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GM-CSF and 40-42 of multi-CSF. The dissimilarity oft l 
two regulators is emphasized further by the differences in 
predicted secondary” and tertiary*' structures. Whereas G 
CSF is predicted to contain two long a -helical segments towards 
the NH,-terminus of the molecule (from residues 7-22 anc 
25-40), the only notable a-helix predicted in multi-CSF is 
towards the C-terminus (residues 123-132). Furthermore, the- 
hydrophilicity profiles for the two molecules are quite different, 
suggesting that their surface structures bear little resemblan 
to one another. Thus it would appear that GM-CSF and mul 
CSF represent an example where similar biological activities : 
have arisen by convergent evolution. a 
The apparent structural dissimilarity of GM-CSF and mul 
CSF suggests that they may have different receptor binding sites; 
indeed, the simplest model would be that these binding sites: 
represent two independent receptors. In this model, a cell. 
responsive to both GM-CSF and multi-CSF would have both: 
receptors, either of which when triggered would stimulate. pro 
liferation and differentiation, whereas a cell responsive only to. 
multi-CSF would have a receptor only for this factor. However 
this model is complicated by the observation that multi-CS| 
can compete efficiently with GM-CSF for binding to its recepto: 
on bone marrow cells (F. Walker and A.W.B., unpublished» 
results), suggesting that GM-CSF and multi-CSF may in fact 
interact with the same receptor. 
As the molecular cloning of the murine GM-CSF mRNA: 
sequence should facilitate the production of larger quantities o 
this regulator molecule than previously available, it should be- 
possible to study in detail the interaction of GM-CSF with its 
receptor(s) and the signals thus generated. Moreover, by in vitro — 
mutagenesis it should be possible to dissect the active site(s) of © 
the molecule and to ask whether the different activities of GM- © 
CSF—survival, proliferation and differentiation of progenitor 
cells—are determined by the same or different active sites. f 
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SU Ursae Majoris systems are short-period binary dwarf novae 
- characterized by two distinct classes of outbursts: ‘normal out- 
bursts’ of duration ~2 days and less frequent ‘superoutbursts’ 

which last ~12 days. Superoutbursts may be present in longer- 
period systems but could be classified as wide outbursts’. Superout- 
bursts require enhanced mass transfer rates for an extended period 
of ~ 10 days to explain their sustained activity”*. During superout- 
bursts, ‘superhumps’ are observed*® which modulate the visible 
light by <40% with a period 3-7% longer than the binary period. 

Measurement of eclipse depths in the two eclipsing SU UMa 
systems during superoutburst should show whether or not the 
superhump light is eclipsed and hence make it possible to infer 
its location either in the eclipsed disk or in the uneclipsed red 
component. Study of the available eclipse data reported here shows 
hat the superhump light is not eclipsed, so that the red component 
‘is the location of the superhump. 

Several models*’* locate the superhump in the vicinity of the 
accretion disk. Hence the superhump is at least partially eclipsed 
at the superhump maximum. Furthermore, models based on 
eccentric structure of the outer disk have significant difficulties 
on dynamical grounds”’®. The red-component superhump 
model due originally to Warner’ and also suggested by Vogt® 

and Bath et al'' places the superhump on the red star and it 
would not be eclipsed (Fig. 1). 

The eclipse acts as a ‘stroboscope’, revealing the brightness 
of the non-eclipsed material at various phases of the superhump 
light. In models where the superhump light is eclipsed the 
brightness at mid-eclipse will be unchanged by the passage 
through superhump maximum. A non- eclipsed superhump 
would cause the eclipsed light level to rise simultaneously with 
the out-of-eclipse superhump light''. The profile of the non- 
eclipsed light against superhump phase can be mapped using 
data from several eclipses. 

The data analysed are those of Warner’, and Krzeminski (see 
: ref. 12). We have examined data for Z Chamaeleontis from three 


Fig. 1 Structure of the cataclys- 

mic variable Z Chamaeleontis. 

Parameters used are those due to 

Vogt'?, and are the most probable 7 

for this sytem. a, An Earth-bound j 
_ oberver’s view at mid-eclipse, at 
- superhump phase ¢,=0.35. The 
extent of the uneclipsed disk sur- 
face is shown shaded above the 
dashed line. Any disk origin for 
superhumps must be located in 
this region at all times. A red- 
component superhump model has 
no such limitation. The Roche limit 
is indicated along with the best 
observational evidence for the disk 
tidal radius. b, The structure pres- 
ent during outburst. Superhump 
maximum at ,=Q migrates 
round in orbital phase through 
non-synchronism, and possibly 
_ additional changes in azimuthal 
structure. When  superhump 
ximum coincides with mid- 
the | superh mp. Aight 


Uneclipsed disk 


superoutbursts, January 1973, February 1980 and Decembi 
1982, all observed by Warner at the SAAO**:'*. Plottin: 
excess light at mid-eclipse relative to the total light of the syst 
(well away from both eclipses and IE against he 
superhump phase we obtain Fig. 2a (see Table 1). Note that 
this has been corrected for the effect of the fading of the 
non-eclipsed material*. The feature remaining corresponds to 
both the shape and amplitude of the superhump in Z Cha, aso 
is shown in the typical light curve in Fig. 2b. This result demon-. 
strates conclusively that the superhump is uneclipsed in Z Cha . 
at mid-eclipse. | 

The only other eclipsing SU UMa star, OY Carinae, was : 
observed in superoutburst in January 1980 by Krzeminski. Vogt’? 
measured the eclipse depths in magnitudes (relative to the light _ 
just out of eclipse) rather than intensities. The result of his 
method of analysis is that: (1) for eclipsed superhumps the — 
relative eclipse depths will vary in phase with the total super- 
hump light with a maximum at superhump maximum; (2) non- — 
eclipsed superhumps will cause eclipse depths which will vary 
out of phase with the total superhump light and show a minimum 
at superhump maximum. The behaviour observed for OY Car‘ 
is compatible with case (2), and an uneclipsed origin for t 
superhump light. è 

Thus, in both observed eclipsing systems the superhump tight 
is visible at mid-eclipse. This is most naturally accounted for a 
being due to an active, luminous region on the red componen: 
rotating more slowly than the orbital period. The red componen: 
then contributes between 20 and 40% of the optical outburs 
light in an asymmetric ‘superspot’ region. 

If the superhump light originates in the outer rim of the disk 
it can still be visible at mid-eclipse (except if located close to` 
the line of centres). This light would still be eclipsed, however, | 
and broaden the eclipse, or. produce breaks in the eclipse profiles me 
comparable to those visible in quiescent eclipse profiles? (pre 
duced in the quiescent case by the orbital hump visible in t 
light curve of these systems). Because such features are not 
evident in the superhump eclipse profiles we conclude that. the 
superhump light is entirely uneclipsed. 

The observations of Z Cha and OY Car made in superdut 
burst indicate that the eclipse minima vary from their expect 
times of minima in a manner dependent on the superhur 
phase at eclipse*’?. When presented as O-C (the difference. 
between observed, O, and calculated, C, times of mid-eclipse 
diagrams of phase of eclipse minimum versus superhump phan 
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superoutburst Superhump excess 
(days) phase light Refs: 
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-the times of minima show two effects: an oscillation correlated 


th superhump phase, and a constant shift. In the data for OY 
ar, presented in five colours by Vogt'*, both of the above effects 
present, and in the case of OY Car find a natural explanation 
1 a red component origin for the superhump light. 
possible explanation of the constant shift has been sug- 
ed by Warner’, The constant displacement is most naturally 
) an asymmetry in the luminosity of the disk due to stream 
ct and penetration. This displacement of the eclipse minima 
be explained by allowing the fi ollowing lune of the accretion 
to have a luminosity about 5% greater than the preceding 


ne*. If spread over a large region of the surface of the disk, 


lis asymmetrical disk light distribution. would not be apparent 
the light curve except through its shift of mid-eclipse times. 


The red-component model necessarily produces an oscillatory 


flect. The oscillation is due to the geometrical appearance of» 
red component. The amplitude of the oscillation is deter- 
ned by the relative shapes and sizes of the eclipses and — 
iperhumps which, in turn are determined by the distribution | 
of light over the red component. As the red component rotates 


hin the binary frame, the ‘centre of] ight’ of the faintest region 
lates about the line of centres with the superhump period. 
nthetic light curve based on appropriate eclipse and super- 
p parameters generates the theoretical O-C diagram shown 


8: 3 which mimics very well the observed behaviour for 


Car'’. The variation is caused physically by the changing 
aspect of the red component and its superhump: if the eclipse 
inimum (¢)=0) lies before superhump maximum (5 =0) 
en the asymmetry of the red component advances the eclipse. 
When the eclipse lies after the superhump then the asymmetry 
slays the eclipse. 
he observed O-C behaviour of Z Cha* does not follow the 
| positive/ negative oscillation seen for OY Car as the super- 
asses through eclipse, but rather a positive shift only. 
-chanism is apparent within any proposed model which 
$ in this fashion. However, complex structure in both the 
pot and disk will distort the behaviour shown in Fig. 3, 
uperhump luminosity will reduce its amplitude. 
ciple, the structure of the superspot region can be 
ing the properties of secondary eclipses. Within the 
ata no secondary eclipse is apparent. This lack of 
is not, however, inconsistent with a red-component 


p-iighi 


= the ionization zones are brought, b 


xcess light at mid-eclipse 


E 


-0.1 
Superhump phase 


Du 


Fig. 2 a, The excess light at mid-eclipse in Z Cha as a function 
of superhump phase. At, = 0 this is typically 25% of the back: 
ground. The additional light is accounted for by the superhumps, | 
as can be seen in b where the points in a are replotted under a 
single cycle of the light curve, The dashed line shows the behaviour — 
of eclipsed superhumps, whereas the shaded region indicates the — 
behaviour of uneclipsed superhumps. The shaded area shows the 
region enveloped by a bright superhump (early outburst) and a 
faint superhump (late outburst) in which the eclipse minima will 
lie, in the case of uneclipsed superhumps. Variations in superhump 
structure lead to some scatter of the points. Clearly the data show 
that superhumps are not eclipsed at mid-eclipse. 


red component is at most 22% (see Fig. 1). If the superspo : 
concentrated towards the equatorial belt then the dey 


_ Secondary eclipse is as small as 0.06% of the total ligh 


case of no temperature change in the eclipsed polar regio 


df the superspot is uniformly. distributed over one hemisp 


the eclipse light is at most.9% of the total light for. 


- Superhumps, and 5% for more typical cases. Similar constra 
apply to OY Car. The present superhump light curves § 


intrinsic variations (due to superspot structure) at levels com 
able to the maximum possible secondary eclipse depth. Suc 
eclipses are therefore not read visible without more data at 
times of conjunction of superhump maximum with bina 
phase = 0.5 to reduce the noise. | a ao 

In both Z Cha and OY Car the red-component mass is 
estimated'* as 0.1-0.2 Mo (ref. 14). Such main sequence masses: 
imply quiescent temperatures of =4,000 K. Initially the super- 
hump luminosity is 290 times brighter than the quiescent lu- ` 
minosity of the red component. With a red-component origin © 
the superhump must then be emitted from a region at a black- 
body temperature of at least 12,000 K and probably, with con- 
finement to the equatorial region, superspot temperatures are 
= 15,000 K. Such a characteristic temperature for the superspot 
region is in agreement with the colour temperature deduced: 
from UBV fluxes when the superhump is present in both OY 
Car’? and the non-eclipsing system VW Hydri'®. as 

These temperatures are consistent with predicted responses. 
to dynamical, ionization driven overflow instabilities'®!’, As | 
result of such instabilities, upwelling of material continu 


-adiabat 
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Fig. 3 Model O-C diagram: as the superhump passes through 
the eclipse, its light alternately shifts the time of minimum to 
positive, and then negative, phase. The shape and amplitude fit 
well the observed’? results for OY Car. 


< surface. Typical surface temperatures are then 12,000-16,000 K. 
-In normal outbursts these changes will be confined to a region 
local to the lagrangian point, with typical dimensions of less 
han a few scale heights (<0.03R in the region of L,). However, 
if non-synchronism spreads the instability along the equatorial 
elt, a significant fraction of the stellar surface can be affected. 
‘he streamlines due to non-synchronous rotation will depend 
n latitude'®, and lead to further stretching of the superspot 
egion along the longitudinal direction. Azimuthal spatial 
anges in brightness along the equatorial belt would explain 
he underlying variation in superhump light. The large opacity 
janges at the expected superhump temperature > 15,000 K may 
xplain the persistent superhump structure on shorter time 
cales. 
The simplest interpretation of the eclipse observations, which 
thas the attraction of being a simple physical structure, is a 
uminous rotating active region on the equator of the red com- 
onent. Asynchronous rotation leads to the small period differ- 
nce between the superhump feature and the binary orbit. 
Asynchronism may have been driven by the past history of mass 
nd angular momentum exchange (and loss), and gravitational 
‘radiation'®. We stress the close similarity between the marching 
behaviour, of superhumps and the migrating wave in the light 
curve of RS CVn stars”, and the geometrical similarity in their 
: suggested structure?’ 
The origin of the superspot region is consistent with dynamical 
component at L,. This powers the superout- 
le material is carried through the L, region 
component relative to the orbital frame. 
ted that such instabilities will induce 
s of high latitude. However, pressure 
| over the sub-photospheric equipotential 
fficient to account for the total super- 
reading the disturbance to high enough 


| instability of the rec 
‘burst as ff resh ul 
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The rapid X-ray burater, MXB1730 ~ 335, discovered by Lewin ef = 
al.' and identified’ with the compact globular cluster Liller 1, 
produces thousands of X-ray bursts a day when in an active phase. 
The X-ray bursts have thermal spectra and can be classified into — 
two types by their spectral evolution during burst decay (see ref. 
3 and refs therein). Type I bursts normally occur at intervals of 
hours or days, their spectra soften during decay and their. 
behaviour can be accounted for well by a thermonuclear flash in ~ 
accreted material on a neutron star. Type I bursts are produced 
by all other bursters. Type II bursts are unique to the rapid burster, 
occur at intervals from a few seconds up to 10min and their. 
spectra do not soften during burst decay. Type I bursts are: 
probably caused by an instability of the accretion flow onto t 
neutron star. We report here the absence of an IR burst during a © 
type I X-ray burst from MXB1730— 335. The upper limit on the 
IR luminosity during the X-ray burst is 70 times smaller than 
those of reported IR bursts from this object. This seems to rule 
out a connection between type I X-ray bursts and the reported IR 
bursts. 
MXB1730 — 335 became a controversial object when IR bursts: 
were detected. A total of eight IR bursts have apparently been 
seen by Kulkarni ez al’ (six bursts with a peak flux of ~5 Jy in... 
the H-band) and Jones et al.” (two bursts with a peak flux of 
~7 Jy in the K-band) observing at different times for a total of | 
8h. None of these IR variations corresponds with X-ray bursts” 
of the object as the IR bursts they detected were not accompanied — 
by X-ray observations. On the other hand, on nine occasions, = 
an absence of IR bursts during type I] bursts was reported by. 
Sato et alf and Glass and Carter (reported by Lawrence et al.) 
The upper limits placed on IR bursts by these authors are 
estimated to be more than one order of magnitude smaller tha 
those of the reported IR bursts. Clearly, then, type H bursts ar 
not normally accompanied by IR bursts. Kulkarni et al sug- 
gested that their IR bursts may be associated with type I bursts. 
During 1980, Lawrence et al? conducted 180h of IR observa- 
tions and did not detect a single IR burst. The upper limit durin: 
the main part of these observations was <0.2 Jy in the K-band 
which is more than one order of magnitude smaller than t 
reported IR bursts. Unfortunately, the rapid burster was in it 
quiescent state during these IR observations; the Hakucho satel- 
lite, which was looking at this source, detected no X-ray 
bursts’. 
On 5 August 1983, the X-ray satellite Tenma detected type. re 
bursts almost every 72 min, showing that the rapid burster was 
in an active phase. On 20 August, type II burst activity was 2 
present, and the burster terminated its activity on 31 August’. fy 
We undertook- IR observations on 17 August 1983 using . ae 
K -band (2.2 um) photometry on the 1.9-m telescope of Mount — oe 
Stromlo Observatory. Sky chopping was used in an east-west 
direction with a beam throw of 96 arcs at 20 Hz. The diameter 
of the beam was 30 arcs. The time constant on the lock-in 
amplifier was set at 0.3 s. No IR burst was detected during: 
observation time of 90 min between 10 h 54 min and 12h 23.m 
(UT) on 17 August 1983. During this period, a typical. : 
burst was detected by Tenma. This burst began a 
13 min 31 s (UT), peaked 8 safter the onset and faded gi 
into the noise 0 S after the peak. The peak bolomet 
flux was 8 x 10° erg s` ' em” C inea a black- bo 
(H. Kunieda et al., pe ion). F 
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(onset) 


Fig. 1 IR raw data at the K-band corresponding to the time of 

` the X-ray burst, which began at 12h 13 min 31 s and faded com- 

pletely into the noise around 12h 14min 595. The. steady level 

corresponds to the flux from the globular cluster, which has a 
magnitude of K = 5.56 (3.76 Jy) in the 30 are s aperture. 


“ponding to the X-ray burst. The steady level corresponds to the 
flux from the globular cluster. We obtained K =5,56 for the 
magnitude of the cluster within the 30 arcs aperture, which is 
onsistent with the relation between K- magnitude and aperture 


“size reported by Kleinman et al’, | | 
The upper limits on variability can be set by using the 
iximum fluctuations during the observation (times given as 
it): AK <0.10 Jy 12h 13 min 31 5-12 h 14 min $9 s (during the 
-fay burst); AK <0.25 Jy 11h 32 min-12 h 24min: AK <0.4 Jy 
h 54 min-11 h 32 min. where 1 Jy corresponds approximately 
K =7. Note that the large upper limit of 0.4 Jy in the early 
tt of the observation was probably due to atmospheric condi- 

ns and not to luminosity variation of the source. 
The upper limit of 0.1 Jy during the type I burst is 70 times 
maller than those of reported IR bursts from MXBI730 — 335. 
is unlikely that our time constant of 0.3 s is too long for the 
detection of IR bursts. Note that Kulkarni et al* detected bursts 
using a time constant of 0.6 s at the H-band as did Jones et al 
nth a time constant of 0.3 s at the K-band. 

Our negative result seems to rule out the suggestion by 


ulkarni et al’ that their IR bursts are connected with type I 


bursts. It is useful to compare our observation with those of 


other bursters. Coincident X-ray and optical bursts were detec- _ 


ted from three type I burst sources, namely 4U/MXBI1735 — 44 
efs 9, 10), MXBI837 —05 (ref. 11), and 4U/MXB1636 — 53 (refs 
2, 13). Ten simultaneous X-ray and optical bursts have been 

observed from 4U/MXB1636—53 by Pedersen et al'? and 
Lawrence et al.'* who found that the optical bursts were delayed 
by a few seconds relative to the X-ray bursts and that the optical 
burst flux is too large to explain the optical emission as the tail 
of the black-body X-ray spectrum. It has been suggested’? that 
the matter in the vicinity of the X-ray burster absorbs some 
fractions of the X rays, is heated to T ~ 50,000 K and re-emits 
the absorbed energy at optical wavelengths. 

< The 2.2-um burst flux which accompanies a type I burst from 

the rapid burster can be estimated on the assumption that type 

's from the rapid burster are caused by the same physical 
s as that suggested for 4U/MXB1636 —53: the ratio of 


2.5 (ref. 11) and assuming that the material heated by 


s emits a black-body spectrum with T = 50,000 K at 
id. IR wavelengths'*. The bolometric X-ray burst peak 


x 10° ergs”! cm”? measured by Tenma predicts an 
oun Cea ant 


ux of 3x107'* erg s™' pm! cm 


Ax = 1.1 (ref. 8). This is three orders of magnitude st 
our upper limit of 0.1 Jy during the type I burst. Hen 
fraction of type I bursts are accompanied by the repo 
bursts, the mechanism should be quite different from the 
gested to explain the well known optical bursts of n 
bursters. We note that Lewin et al.'* have also reporte 
absence of an IR burst during a type I X-ray burst from Ser 
Jones et al? pointed out that neither type I nor type II burs 
fit the reported IR bursts, whose pattern of occurrence differ 
from those of X-ray bursts. We conclude that type I burst 
not seem to be accompanied by the reported IR bursts. Howe 
we cannot rule out the possibility that a fraction of type 
bursts may be accompanied by the reported IR bursts. as W 
have only observed one type I burst which shows no IJ 
counterpart. : a 
We thank Dr H. Kunieda and his collaborators from Nagoya 
University and the Institute of Space and Astronautical Scienc 
for providing X-ray data before publication and for collabor 
ation. We also thank Professor H. Okuda for useful suggestion 
and correspondence. =, © os 
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anea manei 


(D/H) ratio of 
3x 10`* is slightly enriched over the seawater value of 1.6 1074. 
In the terrestrial upper atmosphere, hydrogen atoms are 
illuminated by the intense solar Lya line at the resonance 
wavelength of 121.566 nm in the far UV. The solar Lya is so. 
wide that it can also illuminate deuterium atoms at the resonance | 
wavelength of 121.533 nm. Through resonant scattering, hydro- 
gen and deuterium can re-emit their Lya line. Although hydro- 
gen Lya emission has been observed many times from space, 
deuterium Lya has not been detected for two reasons. First, the 
(D/H) ratio in seawater is only 1.6 x 107*. Second, the spectral 
distance between the two Lya lines is quite small. oe 

However, the resonance lines of both isotopes are well sepa 


ated, as their spectral distan: e of 0.033 nm is. much large: th 
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Fig. 1 Optical diagram of experiment 1ES017. The mass of the 
‘instrument is 12.5 kg. The dimensions are 685 x 300 x 320 mm and 
R the average power required is 30 W. 


Fig. 2 Geometrical! configuration for bright limb observations 
from an altitude of 250km. The orbit altitude sketch is greatly 
exaggerated in respect to the Earth’s radius. 


resolution needed to distinguish them would have meant using 
a prohibitively large and heavy classical spectrometer on this 
first Spacelab mission. We have, therefore, designed and built 
ca lightweight spectrophotometer (Fig. 1) equipped with 
molecular hydrogen and deuterium absorption cells to suppress 
electively one or two of the natural emissions of both isotopes 
H and D recorded by the instrument. Atmospheric light 1s 
collected with a small parabolic off-axis mirror, rotating around 
one axis to provide a vertical scan of the emission around the 
imb; The light goes through the hydrogen cell, which is trans- 
parent to Lya when itis not activated, and enters a spectrometer 
with a single concave holographic grating. A hole at the exit 
defines both the 2.5° circular field of view of the instrument and 
y spectral bandwidth of ~4.5 nm centred at Lya. Thus, the 
“strong atmospheric emission line of atomic oxygen at 130.4 nm 
-is eliminated. The light is then focused on the photomultiplier 
“window through the deuterium cell equipped with MgF, lenses. 
‘Photons are counted in two counters, sequentially opened in 
` phase with a 5-Hz modulation of the deuterium cell: one counter 
C, is devoted to photons when the deuterium cell is off, the 
other counter C, is devoted to photons when the deuterium cell 
is activated, that is, when molecular deuterium is dissociated 
to atoms in the cell. 7 | 
Fortunately, the atomic hydrogen Lya emission is saturated, 
looking towards the limb, because of the large H column 
‘in the line-of-sight, whereas the optically thin emission 
f D atoms is proportional to the D column density. As a 


t the intensity ratio I,,/1, is much larger than the (D/H) 
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Fig.3 Measured atmospheric Lya intensity is shown in the upper — 
part. The residual Lya intensity indicated in the lower part corre- 
sponds to the intensity which is not absorbed when the hydrogen. : 
cell is turned on. The left-hand ordinate corresponds to the photo- - 
multiplier count rate which is converted into kR in the right-hand 
scale. The geometrical significance of the observational angle @ is ~ 
shown in the centre. | 
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Fig. 4 Atmospheric deuterium Lya intensity absorbed by th 

activated deuterium cell. During these measurements the hydroge: 

cell is permanently on whereas the deuterium. cell is alternativel: 

switched on and off. The measured points represent an average of 
74 angle scans. Angle @ has the same significance as in Fig: 


orbital plane, in order to cancel the Doppler shift asso 

with the 8 km s~? space shuttle velocity. Otherwise, the a 

tion cells would have had little or no effect on the atmos 

H and D emissions. | _ oe 
The measured intensity, which essentially results fron 

emission, is displayed in the upper part of Fig. 3 as 

of the angle 6 with the local vertical. When app: 

limb from below, the H Lya increases up to th 

the line-of-sight passes above 110 km altitude, coi 

@ = 78°. Above this height, absorption of Lya emis 


pheric molecular oxygen becomes. negligible 
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gs a lly in the H, a 
optical thickness | 600 of atomic Hi is created inside the 
ell, which absorbs a large fraction (80-90% ) of the total signal. 
The H, cell acts as a ‘negative’ filter and lets through every 
photon with a wavelength lying outside the absorption profile, 
which has an equivalent width of 0.006 nm. The transmitted 
il is recorded ¿counter C, and shown at the bottom of 
ly H Lya photons from the linewings, 


















> can then be identifie d by using the deuterium cell, which creates 
an optical thickness. Tps = 1.5, representing a negative filter selec- 


tive for D Lya emission. For 7p= 1.5, it can be shown that 
~60% of the deuterium intensity Ip is absorbed in the cell, and- 


_.. the difference between the two counters C, — C, represents a 
_ ¿measurement of 0.6/p. This absorbed intensity is plotted both 
in counts per 0.48 and in Rayleighs in Fig. 4. 
~ Seventy-four scans around the limb were averaged and binned 
in steps of A0 = 1° to obtain the curve in Fig. 4, representing 
~ 100 min of measurements spread over three orbits and a large 
"Tange of latitudes. The size of the error bar attached to C, — C, 
is 2.5 times the error bar attached to counts C,, which is 
(C,/n)'’*. Without measurable deuterium emission Ip, the 
ints would be equally positive or negative, which is not the 
se. Except for one value at @ = 86°, all points are positive, 
which means that atmospheric deuterium Lya emission has 
been unambiguously detected. 
. A narrow maximum of deuterium emission is found around 
6 = 78°, at an altitude of ~110 km. This limb brightening effect 
is expected from the optically thin deuterium emission, when 
the line-of-sight passes just above the Lya limb created by 
atmospheric O, absorption. As the field of view of the instrument 
s 2.5°, it means that the observable deuterium layer is even 
smaller than what is shown in Fig. 4. However, we can produce 
preliminary estimate of the deuterium quantity corresponding 
to our observations. Because the emitted deuterium Lya 
tensity Ip is 330 R, the column number density Np and the 
tensity Ip are linked by: 


Ip(R) = 10° F, Np = 107° g Np 


where F, is the solar flux'® of 2.8 x 10’? photons cm? 57! nm™'. 
‘Because the integrated cross-section of D atoms is o= 
5.43 x107% cm? nm, the excitation rate of D atoms by solar 
photons is g = oF, = 1.52 x 107° s~', and these photons are scat- 
d isotropically. 
For Ip = 330 R, Np = 2.2 x 10"! atoms cm~™ along the line-of- 
ight tangent at 110-km altitude. We have compared this 
ntegrated density to a vertical distribution model depending 
“Mainly on one parameter, the eddy diffusion coefficient K, which 
ndicates roughly the altitude of the homopause level, where 
he atmosphere goes from a well mixed regime to one in which 
all gases are distributed according to their own scale height and 
mass. It has been shown'! that the (D/H) ratio is sensitive to 
this value of K and also to the exospheric temperature T. Our 
value of Np =2.210'' atoms cm~? corresponds to a model 
vith a thermopause temperature of 900 K in which the number 
lensity is 2.5x10° cm™* at 110km of altitude, and the (D/H) 
‘Yatio is of the order of 3 x 1074. This modest enrichment by a 
factor of 2 corresponds to a height- independent eddy diffusion 
coefficient of 1.3 10° cm? 57’. 
Our deuterium observations were hampered during this 
pacelab mission by two problems. First, the sensitivity of our 
flight model was a factor of 4 below its nominal value, 
tile. a-second unit unfortunately achieved nominal sensitivity 
too. lat o be accommodated in the Spacelab payload. Second, 
because of date and time of launch, soon shifted 
| position near the terminator, where excitation of 
1 atoms by solar Lya photons is decreased by a larger 
in density. As a result, we could observe deuterium 
only during the first 24 h, although the mission lasted 
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objective. 

Nevertheless, we have demonstrated that the natural ] 
emission of deuterium atoms can be used to evaluate the 
number density in the Earth’s atmosphere by a remote-sensing 
technique. 

Finally, this remote-sensing technique could be used with the 
Space Telescope or space probes for the other planets, in par- 
ticular for Venus and Mars, where the (D/ H) ratio is unknown. | 
For Venus, a (D/H) ratio of 1.6 x 10°" was found’ in a cloud” 
-droplet sucked by a neutral mass spectrometer on board the — 
large probe of Pioneer Venus mission. Such a high value can 
be explained only by a fantastic differential escape of both | 
>13, the heavier D atoms being left behind in the atmos- _ 
phere of Venus. The quantity of water at the origin of Venus 
was at least 100 times larger’ than it is now. a 

Such an important clue about the history of water on ' Vems 
deserves further investigation. We have demonstrated the feas 
bility of the deuterium Lya detection technique. It can now b 
applied to detailed terrestrial and planetary studies, = ` 
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The relationships between the various crustal provinces that | com- 
prise north-east and east Africa are far from clear and reflect 
diverse tectonic and. magmatic processes which took place during 
the Proterozoic. Here we present the results of an Nd isotope study 
on the major rock units of the Pan-African (1,100-500 Myr BP) 
terrane. Charnockites from Jabel Uweinat, a basement inlier at 
the junction of Egypt, Libya and the Sudan, yield middle Archaean 
model Nd ages, whilst model ages of <1,200 Myr have been 
obtained in a belt from the Eastern Desert of Egypt to north-west 
Kenya. This, therefore, represents a westward extension of the 
juvenile Pan-African crust of the Arabian Shield (Fig. 1). The. 
shield itself is characterized by comparatively rapid crustal 
growth’, probably in an accreting island arc environment”. Betweer 
the two areas, there is a marginal zone of Pan-African rocks with 
relatively low e.,(T) values (see Table 1) due to increased cont 

butions from the pre-Pan African crust. Overall, the Pan-A{ 
rocks from north-east and east Africa and those from the Dan 
of Namibia? exhibit a wide range of e,,(T) from +7.5 to = 
which reflects regional changes in tectonic style and is not readi 


~ Arabian € 
; Shield @ 


>A Graton 


bi 


Congo Craton 


Fig. 1 Sample location map showing extent of basement outcrop 
and distribution of Nd model ages in north-east and east Africa 
and Arabia. @, 800-1 ,300 Myr; ©, 1,600-1,900 Myr; ©, 3,000-3,200 
Myr. Inset shows the location of the study area relative to African 
cratons of Archaean age, and basement inliers at Hoggar (H), 
Tibesti (T), Jabel Uweinat (U), Darfur (D), Kordofan (K) and 
western Ethiopia (E); also shown are Nubian (N) and Arabian 
(A) shields. 


The Karkur Murr charnockites from Jabel Uweinat (Fig. 1) 
form the oldest known basement in north-east Africa and two 
‘samples have model Nd ages, relative to depleted mantle®, of 

000 and 3,200 Myr (Fig. 2, Table 1). This confirms their 

Archaean age, while their low exg(T) and high es,(7T) values 
ndicate that the event dated at 2,617+21 Myr by Rb/Sr whole 
rock analyses’ involved considerable crustal reworking. Figure 
2 also illustrates that none of the other samples from this study 


` has a uniquely Archaéen source. Most samples from Egypt and 


= the Sudan have Nd model ages between 750 and 1,150 Myr. 
<. They are. ‘therefore. isotopically indistinguishable. from the 
juvenile Pan-African crust of the Arabian Shield™”. 7. The 
amphibolite from the Marich area (K57B) of- north-west 
Kenya? and the foliated granodiorite from the Abu Harik 
complex (194A) of the Bayuda Desert of the western Nubian 
Shield’? lie just above the evolution path for average depleted 

_mantle, as do some of the Pan-African rocks from Arabia” 
< The metasedim t (265) and the foliated granite (7.12) from the 
Hafafit region of Egypt represent the highest grade of meta- 
morphism in the Eastern Desert!’ and lie well within this age 
group, indicating that, despite their strong deformation, they 
-African in age and were derived from juvenile crust. 
ran ) has: righ i initial Enal T) (+2. 3) and low 

a i he 


* ” 
T Mur = 3000-3.200Myr goo?” 
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Fig. 2 Variations in initial: **°Nd/'*Nd ratios in samples from 
north-east and east Africa. The stippled region encloses the evol- — 
ution lines for samples 265, 7.12, Al, 194A, 214, N1, 39, K32, K33 
and K57B. The hatched region encloses the evolution lines for 
samples 342, 700, 15, 149B, K34 and K35. Evolution paths trun 
cated by inferred light REE-depleted mantle®. W, Granitic and 
meta-igneous samples; A, metasediments; ©, amphibolites. Field 
of Arabian data taken from ref. L 
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Fig. 3 Mixing model curves for evolution of oceanic mantle anid 

continental crust assuming that the last two orogenies contributed 

to continental crust’. Pan-African data are taken from north-east 

Africa, Arabia’ and Damara*”®. Also shown are data from norther 

Chile? , Himalayas (Hy)°’, the Hercynian of south-west Europ 
(Hn)? 28 and the Columbia Front Range (CFR)®. 


younger granites in the Eastern Desert’ and to ma 
mantle-derived rocks. However, this lack of evidence fo 
a significant contribution from older crustal ma 
apparently at variance with published radiogenic lead i 
results'*'*. This may simply reflect differences betw 
samples analysed: other Rb-Sr studies'* have repo 
€s,(T) as high as +70, implying that the Aswan 
isotopically heterogeneous at the time of emplac 

tively, feeb lead could have been introdu 





dcality Lithology Sample (Myr) Ref. "’Se/**°Sr_ ’Rb/*Sr eg (T) “8Nd/™4Nd gy Sm/'4Nd engl T) {N 
Charnockite 117 2617421 5 0.8037 2.515 +99.6 0.510733 0.099 -44 
{Karkur Murr) 
Charnockite 2,617421 5 0.8928 4.915 +74.4 0.511032 6: ; 0.119 
{Karkur Murr} 
Metasedimentary 0.512592 , 0.118 
pebble (Hafafit) 
Metapelite | 0.5120023 
(Wadi Haimur) 
Foliated granite ; — 0.512554] 
{Gabal Zabara) 
Granite (Aswan) 680210 R 0.70334 -8, 0.512321 
Quartzofeldspathic 874+33 _ 0.512064 I 
metasediment 
{Rahaba) 
Quartzofeldspathic 87433 0.512024 
metasediment 
{Rahaba) 
Foliated granodiorite 194A 89845] i 8  0.5127742 
(Abu Harik} 
Quartzite 214 764422 : 0.512402 
o (Abu Hamed) i 
Central Foliated biotite NI | 0.5122943 
< Sudan granite (Rashad) 
7 Foliated granodiorite : 0.5123742 
(Abbasiya) | 4 
Muscovite granite 15 ~ 0.512143 
(El Obeid} 
Granite (Marich) K34 $93%49 0.5120222 
Granite (Marich) K35 593449 O.S1185+1 
Metapelite (Sekerr) K32. 584425 0.51239+2 
Metapelite (Sekerr) K33 58425 0.5123723 
Amphibolite (Sekerr) KS7B 982440 i 0.5124343 


wa(T) is the deviation from the value expected in a chondritic reservoir (CHUR) at time T, and is defined as Eni T} = of 
Nd/ "Nder in( T) =0.51264—0.1967[{exp Ag, F)-ij. Tpm calculated using values from ref. 6. l 
Assuming age of 750 Myr. + A.C.R., unpublished data. ¢ Isochron initial °’Sr/**Sr ratio. 


. Farther south, the quartzite from the Abu Hamed series 
the Bayuda Desert!® (214), and the Rashad granite (N1) and 
-Abbasiya granodiorite (39) from the Nuba Mountains of 

southern Kordofan, central Sudan” are derived from the source 
regions of Pan-African age. 
- The third group of results provides Nd model ages between © 
1,500 and 2,000 Myr. Model ages in this range were not observed 
in a recent Nd isotopic study of the Arabian Shield’ (Fig. 1). 
\In general, such isotopic characteristics may be derived either | 
m a source region of this age or from mixed sources includ- 
presumably, both Archaean and Pan-African material. In 


was derived from pre-existing continental crust, and its model 
implies that the source included a pre-Pan-African com- 
ent. The variation in model age between the two samples 
ndicates that isotopic homogeneity was not reached during 
inatexis, consistent with the scatter of the Rb/Sr whole rock 

analyses (mean sum of weighted deviates = 51: A.C.R., unpub- _ 

ished data). The Sekerr metasediments (K32, K33) into which | 
he Marich granite is intruded have model ages of 1,150-1,100 
Myr, implying that little, if any, of the sediment was derived 
rom the Archaean craton to the west. The muscovite granite 
5) from the El Obeid area of Kordofan Province, Central 
dan, also has a low present day '“7Nd/'**Nd ratio relative to 
f granite of known Pan-African age, but its model age 
t be calculated since its evolution path closely parallels 
. Its flat rare earth element (REE) profile is typical of 
linous granites and indicates an increase in Sm/Nd 
melting. In the simplest model, if it is assumed that 
ig occurred during the Pan-African from a single source 

m/Nd ratio similar to that of average crust, the model pre-Pan-African crust of 1,500-2,000 Myr. Two upper intercep 
) _ U-Pb zircon ages from distinct metasediments in the Eastern 
Desert—a granite pebble from a conglomerate in Wadi Mobar 
.960+200 Myr)? and an arkosic metased 
















he Hoggar region of north-west Africa a widespread ‘Eburnean’ 
‘vent of granulite metamorphism at 2,000 + 100 Myr has been 
dentified”*; in the Jabel Uweinat inlier crustal anatexis has been 
ecorded at 1,800+40 Myr (ref. 5); zircons from Phanerozoic 
sandstones in Tunisia indicate an age of 1,750+ 100 Myr (ref. 
25) and in the Iringa region on the edge of the Mozambique 
“Belt in Tanzania isotopic ages of 1,850 + 100 Myr are common”. 
` Thus it is not unreasonable that crust of this age was sampled 
-by sediments in the Eastern Desert and the Bayuda Desert, and 
- by anatectic melts in central Sudan and north-west Kenya. 

The Pan-African event represents a critical stage in the evol- 
ution of both large-scale tectonic processes and the continental 
crust. The volume of stable continental crust has increased, 
probably at varying rates, since ~4,000 Myr. Since the stabiliz- 

“ation of such low Sm/Nd, high Rb/Sr crust is held to be 
` primarily responsible for the high Sm/ Nd, low Rb/Sr charac- 
teristics of most of the upper mantle, the Nd- and Sr-isotope 
ratios of the average crust and average upper mantle have also 
diverged with time” (see Fig. 3). Successively younger orogenic 
episodes, and particularly those over the last 1,000 Myr, should 
therefore have had more opportunity to remobilize crust which 
was old enough to have developed distinctive isotope ratios, 

Figure 3 summarizes data on granitic rocks from Columbia 
Front Range®, the Hercynian of Europe*’*, the Himalayas”’, 
and on both extrusives and intrusives from a section across the 
northern Chilean Andes’. Igneous rocks older than 2,000 Myr 
tend to have initial Nd- and Sr-isotope ratios close to those of 
the bulk Earth?’ (although Jabel Uweinat offers an interesting 
exception) while the Phanerozoic examples have variable and 
often lower enal T) values. Thus the young granitoids contain 
a greater contribution from significantly older crust, either 
because little old crust survived early in Earth’s history and/or 
younger granites were generated by different processes. Also 
shown in Fig. 3 are analyses of Pan-African granitoids and 
metasediments from Arabia’, north-east Africa and the Damara 
Belt in Namibia??? with calculated curves for the evolution of 
average continental crust and upper mantle’. Superficially the 
wide range of enal T) in the Pan-African is difficult to reconcile 
with the curve for the evolution of average crust, but that in 
part depends on the processes responsible for enal T) values in 
orogenic rocks. 
= The range of Enal T) in the Pan-African samples reflects 

differences in the tectonic regime, and in the age of the pre- 
existing crust. Areas of significant crustal accretion have Eng = 
+2 to +7, and it requires a marked change in thermal regime, 
with an increase in metamorphic grade usually associated with 
crustal thickening, to generate predominantly crustal-derived 
magmas with low enal T) (for example, the Damara’’). In this 
_ case £nal T) values primarily reflect the age of the pre-existing 
- crust. But crustal thickening is typically a late and comparatively 
© short-lived stage in an orogenic cycle, and thus the low engl T) 
© granites are often trivial volumetrically. For example, a detailed 
© section across the northern Chilean Andes” has shown that 

from the start of the present orogenic cycle at ~185 Myr until 
~20 Myr the intrusive and extrusive rocks had ex4(T) = +6 to 
0, and it is only over the past 10-15 Myr, since the development 
of thick crust, that low exg( T) rocks have been generated ! (see 
also Fig. 3). Similarly, in the Himalayas subduction zone related 
magmatism associated with the closure of Tethys may have 
- occurred since the Upper Triassic, but the low Exal T} rocks on 
- Fig. 3 are small-volume, post-collisional crustal melts again 
formed in response to crustal thickening. 

Thus, while crust-forming processes tend to generate magmas 
with eng(T)= +7 to +2 (as in northern Chile and Arabia, 
Fig. 3), the Nd-isotope composition of low Ena( T) granites is, 
like that of sediments, primarily an indication of the age of the 
local. pre-existing crust. As demonstrated here for the Pan- 
‘African, the enal T) values of magmatic rocks can vary dramati- 
cally even in broadly contemporaneous orogenic areas, depend- 

n both the age of the basement and the tectonic 

























ugrus (1,700£40 Myr)?*—support such a view. Moreover, in zes, W. 
D. O'Halloran and J. R. Vail for samples, 
and I. G. Gass for their constructive reviews. 
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Previous work’ has shown that y-radiation induced enhancemen 
of leach rates from high-level radioactive waste (HLW) solids € 

be attributed to radiolytic acidification of the aqueous solutio 
and to radiolytic formation of organic complexing species, fc 
example, (COOH), HCOOH. Barkatt et al.' compared the lea 
resistance of three HLW glasses and SYNROC D (specifically 
designed for incorporation of US defence wastes’) and found tha 





SYNROC and waste glass PNL 76-68 


SYNROCC  SYNROCD 




































































(batch 160) (S21S18) PNL 76-68 

56.0* 21.9 3.0 

11.9% 5.8 1.9 

5.4* 18.9 ae 

<0,1* 6.7 38.3* 

13.5* 6.6 2.5" 

5.7% 1.2 0.5* 
Fe,0, tl 23.0 10.3 
BLO, = Pe 9.1* 
SrO 0.7* 0.2 0.5* 
Cs,0 0.7% 0.2 1.2* 

2o NaO oe 3.2 12.8 
3 Rare earths 25 19.9 


5.0 
and others ; 





* Measured values, otherwise nominal compositions are given. 


© Ringwood has proposed several different formulations of 
SYNROC to accommodate various types of high-level nuclear 
waste’. The two formulations that have received most attention 
are SYNROC C and SYNROC D. Commercial and defence 





andard HLW glass PNL 76-68, supplied’ by the Materials 


ILY, are given in Table 1. 
20 wt% commercial wastes and has four major phases of 
srovskite (CaTiO;),. hollandite (Ba (Al, Th ")rTigO16), zif- 








phases’. SYNROC D, however, designed to accommodate 
» 65% defence wastes, has major phases of hollandite, 
onolite and perovskite but also an aluminosilicate nepheline 
1S 10,4) and a spinel titanate phase (Fe, Ni; Mn)(Al, Fe),0,- 
Ni, Mn),TiO,)*. The last two phases normally comprise 
| two-thirds of SYNROC D on a volume basis. The high 
na content of SYNROC D arises, not from SYNROC D 
iditives, but from the waste itself. i 

Barkatt et al.', in examining the effect of y-radiolysis on HLW 
glasses and SYNROC D, reported HNO;, HCOOH and 








i days irradiation with a | 
is recognized’ that a very low pH is unlikely to be found in 
igh-level waste repository (owing to buffering- by rock 











as well as the effect of organic complexing agents in solution 
y be important. We have tested both effects i ina comparison 
of SYNROC C and PNL 76-68. 
The SYNROC C used in our experiments was prepared by 
andard oxide-route method’. This entailed. mixing the 
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wastes differ in composition and the corresponding SYNROCs. 
o vary considerably in mineralogies and properties**. The 
Mpositions, on an oxide basis, of both SYNROCs and the 


aracterization Center (MCC) at Pacific Northwest Laboratory. 
SYNROC C can immobilize. 


olite (CaZrTi,0,) and rutile TiO, with some minor metal. 


- (COOH), at concentrations of 78, 46 and 30 pmol dm™* after 3 _ 
l *7Cs source (8.6 x 10° rad h`’). Although 
-effect of organic acid complexation as well as acidification 
<. was adjusted to 1.5 with concentrated ammonia solutio: 
inerals), the local effect of acidification near the waste surface © 


6-68) and SYNROC C (batch 160). as a function of pH MCC- bi test t conditions ; at 
90 °C for 7 2 


ffer pH =42 | | Buffer pH= 7. 0 


 SYNROC 







l precursor oxides or carbonates with a simulated was 
containing a shortened version of the reference US cor 
waste PW-4b°. The waste loading was 10 wt% on an oxi 
After calcination at 1,100 °C in an Ar/3% H, atmosphere; 
- powder was added and the blended powder hot-pres: 
250°C for 3h. The test specimens were 10 mm diameter 
si -mm thick discs of SYNROCC and PNL 76-68 | prepa 
according to the method recommended by the MCC°. The fi 
faces of these discs were ground to a 240-300 grit finish before 
leaching. - 
Table 2 compares the leach rates of SYNROC C and PNL 16- 
68 in static test conditions (MCC-1) at 90°C for 7 days. Th 
leachants were pH 1.8, 4.2, 7.0 and 9.0 buffer solutions. Th 
results clearly show that, in all test conditions, the leach resis 
ance of SYNROCC is superior to that of borosilicate glas 
PNL 76-68. Furthermore, the leach rate of SYNROC C is les 
susceptible than glass to changes in pH. The difference. in th 
leach rate of the major SYNROC matrix elements, titanium in 
zirconium, compared with that of the major borosilic 7 
matrix elements, silicon and boron, is particular! 
Although the leach rate of Ti from SYNROC C i increas 
factor of >250 when the pH is lowered from 7 to 1.8, it is: 
200 times lower than that of silicon from glass. The methoc 
reporting results as a ratio of leach rates at two different p! 
values, used by Barkatt etal.', tends to obscure such information 
Campbell eral,’ have measured the leach rates of SYNR( 
in deionized water in identical test conditions (MCC- ; 
3 shows that SYNROC Cis clearly more resistant to lea 
than SYNROC D and PNL 76-68. The differences in leas 
of the two types of SYNROC are clearly indicated in the resul 
for Al, Ca and Sr. Table 3 also indicates that the leach. rate of 
Si from SYNROC D is- quite high. These facts support the 
contention’? that it is the aluminosilicate phase in SYNROC D, 
known to exhibit a sharp dependence of dissolution on pH, that 
is leachable. Conversely, our results show that the absence of 
aluminosilicate phases in SYNROC C lead to much enhance 
resistance to leaching. | os 
Table 4 compares leach rates of SYNROC C and PNL 76- 5-6 
in more extreme conditions. Hydrothermal leaching at 150° 
in Teflon-lined. Parr autoclaves was used to simulate conditions 
that could occur if shorter storage times were used before 
disposal. We have used an. acidic solution of nitric acid 
(0.16 mol dm~’), formic acid (0.37 mol dm™) and oxali 
(0.01 mol dm™) in the proportions 2:1:1 by volume tot 
























. discs were leached in 10cm? of the acid mixture for | day 
` leachant was then replaced and leaching continued for a fu 
5 days. Table 4 shows the leach rate for the first day and 
average for the entire 6 days. ‘After leaching of the glass, a ge 
_ layer had formed on the Teflon container walls and a sediment 
settled on the bottom of the container, These solids © were 3 
















Bufer + pH= 9.0 


Glass SYNROC 


Glas: SYNRO Glass Glass SYNROC 
1.89 1.80 4.35, 4.20 72 6.9 9.41 90 
67 Oio 0.63 0.015 0.39 0.009 0.30 0.009 - 
44. 0.10 0.39 0.032 0.25 0.020 0.16 0.021 — 
k 0.094 0.030 0.010 0.019 
0.11 0.03 0.03 0.05 

). <0.0002 0.54 <0,0002 1.8 <0. 0002 

0.68 <0.001 2.4 <0,001 | 





0.03 0.04 








‘able 3 Leach rates {g m day} 
ass in deionized water (MCC- 1 test conditions at 90°C for 7 days) 


ranean nmr 















Glass | - SYNROC C SYNROC D* 
PNL 76-68 = batch 160 batch S21S18 
- Final pH 9.40 5.3 6.0 
- Element | 
Cs 1.8 0.39 0.74 
Sr 0.42 0.011 1.17 
Ca 0,16 0.017 0.41 
Ba NA 0.021 0.05 
Al NA 0.03 0.47 
Si 1.9 NA 2.29 
Ti NA <0.0002 <0.0003 
B 2.4 NA NA 
Zr NA <0.001 <0.001 
Mass 0.82 0.01 0.30 


NA, Not applicable. 
* From ref. 7, Cs was presynthesized in hollandite. 
| “Table 4 Average leach rate (gm °day`') of borosilicate glass 


PNL 76-68) and SYNROC C (batch 114) in hydrothermal conditions 
(150°C) at pH 1.5 in acid mixture (nitric, formic, oxalic) 


rmana AAEN EAEE EANA AAAA NA TT 


Wasteform Glass SYNROCC 
Total leach 
l 6 l 6 
2.5 2.6 2.1 2.2 
43.2 (72.9) 17.1 (27.1) 13.0 4.8 
45.0 (64.7) 15.9 (22.8) 2.5 1.3 
Ca 20.1 (5) 8.1 {*) 2.7 1.4 
Ba NA NA 0.55 0.23 
Si 35.6 (74.0) 15.5 26.1) NA NA 
Na 54.4(*) 18.8 (*) NA NA 
Mass 80.5 28.4 2.5 0.8 


NA, Not applicable. Numbers in parentheses include contributions 
due to sediments. | 
* Interference precluded analysis. 


dissolved and their considerable contribution to the leach rate 
was determined as shown by the numbers in parentheses in 
Table 4. The results show clearly that in these extreme condi- 
tions, SYNROC C has superior leach resistance. When com- 
pared with results at pH 1.8 (Table 1), it is seen that the leach 
rates of both glass and SYNROC are enhanced by the combina- 
tion of lower pH, higher temperature and organic acids by a 
factor generally <10. 

The leach rates we have reported are based on relatively 
short-term tests (7 days) and relatively low surface area/solution 
volume ratios. They therefore represent a comparison of relative 
reactivity towards acid attack and organic acid complexation in 
initial leaching. The long-term effects of, for instance, solution 
saturation, reprecipitation and recrystallization have not been 
considered but some comments on Cs, the most leachable rad- 
waste element, are relevant. Table 4 shows that, in acidic hydro- 
© thermal conditions, the leach rate of glass and SYNROCC 
_ decreases with time. Glass leaches more or less congruently, but 
caesium is the most leachable element from SYNROC C. The 
relatively high initial leach rate of caesium from SYNROC 

-occurs because a small amount (<5%) is incorporated not in 
the hollandite phase but in intergranular films®. The high initial 
rate is caused by the leaching of this loosely bound caesium. 
_ Preferential leaching during the first few days depletes the near- 

-surface region of the intergranular regions and as the thickness 
of the leached layer increases, so the rate of dissolution 
decreases. Solomah and Zumwalt? found that at 25°C the 
caesium leach rate fell from 0.07 gm” day! after 3 days to 
0.0004 g m`? day’ after 100 days. Similarly, Reeve et alf found 
hat the leach rate at 100°C fell from 0.4 g m` “day ' after | 
m 4day ` after: bdays. The caesium leach rate 





of SYNROC and boros iati waste the È S AND 


ursor is prepared AO 











IA method ™. The leach rate of Cs from 
constant when the leachant BEA T rate iS S high®.” i 
conditions the average leach rate decreases by a factor of abo 
three over the first 100 days'' but, like SYNROC C, the inst 
taneous leach rate of Cs after 6 months is not measurabl 

It is clear, then, that acidification and complexation effet 
resulting from y-radiolytic reactions may be important in ASSES: 
ing different HLW forms. The incorporation of alumina asan 
aluminosilicate in crystalline materials or as a network- former pe 
in glassy materials could result in a large increase in leachability 
in irradiated aqueous media. SYNROC C, in which the alumina > 
is incorporated into the hollandite phase, shows a much smaller: x 
increase than PNL 76-68 or SYNROC D in leachability in con- 
ditions expected in the first phase after disposal. 2 

We thank Ms T. Morley-Buchanan, Mr J. Cooper, Mr F. | 
Jackson and Mr A. Reid for assistance in carrying out the- 
experiments and chemical analyses. 
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In the British Quiera: two post-Cromerian interglacials, the 

Hoxnian and the Ipswichian, are recognized’. Evidence of addi- ae 
tional interglacials i in this interval is widely accepted in the oceanic 
record of Quaternary events’, and the possibility that at 
additional nett Howe of this age is represented in Bri 
been discussed™ However, in the absence of datable ei 
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` Elephant (indeterminate) 
Dicerorhinus hemitoechus (Falconer) 
Hippopotamus amphibius Linné 
Megaceros giganteus (Blumenbach) 
Cervus elaphus Linné 
Bison priscus Bojanus 
Arvicola terrestris Linné 
Microtus sp. 
Canis lupus Linné 
Ursus arctos Linné 
Panthera leo Linné 
Mammuthus primigenius Blumenbach 
Equus ferus Boddaert 
Equus hydruntinus Regalia 
Cervid (indeterminate) 
Bovini (indeterminate) 
Microtus oeconomus Sid 


E Lower channel 


Ä At the base of the succession at A (Fig. 2), a channel up to 


-35 m wide in the surface of the chalk (lower channel) contains 


sediments of a shallow stream. The channel-fill includes gravelly 
sands below, passing up into organic mud. The organic mud is 
-onfined to the area indicated in section E-F ( Fig. 3), but the 
gravelly sands have been traced continuously | in this section. 
| organic muds and the gravelly sands are overlain by chalky 
muds full of small chalk pellets. Lenses of water-laid sand and. 
fine gravel are also present. These largely colluvial deposits, up 


o 4m thick, are found within and beyond the lower channel 
d.are overlain by a coarser head of chalk and flint debris. 
This Coombe Rock, 2~3 m thick and involuted in its upper part, 
an be traced across the site of the lower channel and widely 
eyond it. 

:B (Fig. 2), a separate channel (upper chansiél), 8 m wide, 
esent in the surface of the Coombe Rock, truncating the 
utions. It contained finely stratified sandy gravel, and marl. 
> were several small pond-like depressions containing 

lar deposits nearby. 
he lower channel-fill contains abundant fossil material, 
cluding molluscs, ostracods, beetles, vertebrates and pollen 
d plant macrofossils. Travertine is present in clasts up to 0.8m 
, and bears occasional leaf impressions of temperate wood- 
species, including Acer. It also contains Mollusca of tem- 


perate woodland habitats, including Azeca goodalli, Discus . 


ç rotundatus and Clausilia bidentata. The upper channel con- 


ned abundant mammalian bone, but no other fossil material. : 
n the mud of the lower channel-fill, herbs dominate the pollen - 
macrofossil flora throughout. Gramineae are best represen- 


i the pollen record, with subsidiary amounts of Cyperaceae 


id nany grassland herbs. The small quantities of tree and — 


hrub pollen consist mainly of Pinus with occasional Picea, 
Betula, Quercus, Ulmus, Alnus, Salix, Juniperus and Ribes. 
ic pollen i is present (Potamogeton, Hippuris and Butomus) 


ate in the sequence the spore flora includes Lycopodium 


avatum and Selaginella selaginoides. The Mollusca are pre- 
dominantly undemanding. in their habitat requirements (for 
example, Trichia hispid anta arbustorum). In the lower part 
of the sequence, marsh and aquatic species occur, including 


loma pfeifferi and. Sphaerium corneum. In the upper part of | $: 


the sequence they are. replaced by grassland species such as 


Pitstonét 


Marsworth 


Fig. 1 


i Map showing the location of Marsworth. 


ies upper deposit 
mH lower deposit {channel} 
[=] original ground surface 


930 931 © > 932 


Fig.2 Pleistocene fossiliferous deposits in Pitstone no. 3 qua Ty 

Marsworth, showing alignment of sections illustrated in Fi 

National Grid coordinates are given at the margin (100 km square 
SP). 


Pupilla muscorum, together with many fragments of A. goodalli 
and C. bidentata, possibly derived from earlier sediments or 
soils. The lower part of the sequence yields an ostracod fauna’ 


of limited species diversity, dominated by Prionocypris se 
and including Ilyocypris bradyi, Candona negle 
Potamocypris spp. 

Eighty species of Coleoptera are present and suggest a tempér- 
ate marshy grassland habitat dominated by Glyceria maxima, 


the foodplant of Donacea semicuprea and Notaris acridulus, 


which are both common. The abundance of dung beetles sug- 
gests that the grassland was grazed, and the small carnivorous: 


: beetle Anotylus gibbulus, which is also common, is probably 


associated with the dung of large herbivores. The central and 
southern European weevil Stomodes gyrosicollis, which lives on 


Table 2 “Uranium series disequilibrium ratios and ages of travertines obtained from the lower channel at Marsworth 


Acid-insoluble Uranium content 
residue (p.p.m.) 
Nil 0.14 + 0.02 
Nil 0.12 +0.02 
Nil 0.06 + 0.01 
Nil 0.08 +0.01 
Nil 0.10+0.01 


yig erro ors quoted are 3 to Statistical error only. 


2344 5/2381) 
0.81+0.16 
4.41 +0.83 
2.1640.19 
1.48+0.13 
1.55+ 0.08 


Activity ratios 
hy 2341) 230TH /?232- Th 
1.910+ 0.347 5 
1.033 + 0.107 17 
0.880 + 0.065 12 
0.833 + 0.071 15 
0.795 + 0.041 37 





upper deposit conveyer 


Fig. 3 Sections in Pitstone no. 3 quarry, Marsworth. |, Topsoil; 2, upper deposit; 3, Coombe Rock with involutions; 4, chalk muds with 
waterlaid sand and fine gravel; 5, organic muds; 6, fossiliferous gravelly sand; 7, Lower Chalk. : 


various species of clover, is present. Late in the sequence, an 
increase of the less thermophilic species, including Pycnoglypta 
lurida, Arpedium brachypterum and Olophrum fuscum, occurs. 
The mammal fauna (Table 1) is an assemblage recorded at 
several sites in Britain®’. These Mammuthus—Equus faunas are 
distinguished by a large form of lion, Panthera leo, and a small 
form of wolf, Canis lupus. At Marsworth, the fauna includes 
Microtus oeconomus and the extinct equid, Equus hydruntinus. 
_ The fossils in the lower channel-fill indicate a shallow spring- 
fed stream with backwater slacks, in a local context of marshy 
grassland. The stream was subsequently replaced by Carex- 
dominated swampy depressions, and these were finally infilled 
colluvial debris. The regional vegetation was predominantly 
rassland throughout the period of record. A climate similar to 
‘hat of northern England today is represented, with indications 
in the travertine of earlier warmer conditions, and in the deposits 
remselves and the fossils contained therein, of slight cooling 
during sedimentation. 
-Travertine from the lower channel was dated by the ”°Th/ 7U 
isequilibrium. method (Table 2). Samples HUTH 1539, HUTH 
215 and HUTH 2237 yielded analytical results indicating a 
ood standard of reliability*'°, and together suggest a range of 
vertine deposition ages between 140 and 170 kyr. 
ie In the upper channel, the mammal fauna (Table 1) is a 
characteristic temperate woodland assemblage, known from 
many other British sites | and apparently restricted to the 
Ipswichian Interglacial®’”""' Speleothem enclosing a similar 
fauna in Yorkshire has yielded uranium series dates around 
120 kyr BP (ref. 12). Stratigraphical relationships at Marsworth 
(Figs 2, 3) show that the upper channel-fill overlies the lower. 
The coombe deposits separating the channel-fills suggest an 
intervening period of severe periglacial conditions. 


Dating of the travertine in the lower channel indicates a 


re-Ipswichian age, but one too young to fall within the Hox- 
ian. In addition, the mammal fauna in the lower channel is 
unlike faunas of Hoxnian age. Mammuthus— Equus faunas occur 
n middie Devensian contexts®’, but differ in composition from 
hat at Marsworth. Sites having Mammuthus—Equus assem- 
lages comparable with Marsworth have generally been assigned 
oò the late Ipswichian®’. The Marsworth evidence demonstrates 
hat a pre-Ipswichian age is possible for such assemblages’? t, 
ie beetle A. gibbulus, which is common at Marsworth, has 


und in faunas. of: firmly. k established Hoxnian or 


Ipswichian age. It occurs very rarely in middle Devensia 
deposits, but in assemblages unlike that from Marsworth. It is 
relatively common (G.R.C., unpublished data) in interglacial 
sediments at Stoke Goldington in the Great Ouse valley, at- 
Aveley in the Lower Thames Valley, and at Stanton Harcourt 
in the Upper Thames Valley. At none of these sites are the total 
fossil assemblages comparable with examples of Hoxnian | i 
Ipswichian age. 
The Marsworth pollen shows no clear resemblance to esta 
lished floras of either interglacial or interstadial status. In the 
Hoxnian and the Ipswichian, Picea was scarce, and while Abies 
was present towards the end of the Hoxnian, it was rare or 
lacking in the Ipswichian'>. The middle Devensian, Upton War- 
ren Interstadial has a flora with temperate, boreal and arctic 
alpine components, with grassland as the major vegetation'®. | 
the early Devensian forested interstadials, Betula, Pinus i 
Picea are the usual tree components and Abies is unknown. 
High Lodge, in what may be a Wolstonian interstadial cont 
open coniferous woodland occurs with Betula, Pinus, Pic 
Alnus, Gramineae and open-ground herbs. Despite the va 
of these interstadial floras, they all differ from Marswo 
We conclude that the travertine in the lower chan 
resents a previously unrecorded. interglacial, intermedi 
between the Hoxnian and the Ipswichian. We note in pi 
that it preserves temperate woodland species. The sedi: 
the lower channel, which enclose the travertine, indicate 
land environment. We note the absence of obligate colc 
in the contained fossil assemblages, and conclude that t 
ments probably represent conditions. succeeding. those 
in the travertine, but within the same temperate epis 
possible, however, that the sediments denote an additic 
Ipswichian temperate phase of interstadial status. = 
We thank Tunnel Cement Co. for access to Pitst 
quarry where this investigation was carried out. > 
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nergetic eddy currents are the oceanic analogue of atmospheric 


eather and have time scales of days to weeks and space scales 
tens to hundreds of kilometres’. We have predicted their evol- 
ion in time by internal dynamical processes. For the forecasts 
transferred initialization data from ship- to shore-based com- 
rs, during two 2-week periods i in June and July of 1983 from 
an proximately (150 km)* region in the deep north-east Pacific 
ifornia. This is, to the best of our knowledge, the first such 

time forecast at sea. The results were substantially successful; 
amics predicted a prominent zonal jet absent in the initial 
Iso, the model forecast revealed a strong eddy merger event 
ise obscured in the data. Prospects are encouraging for 
forecasting, which should have important implications for 

rch and practical operations at sea’. 

e efficient description and prediction of the flow field in 
ocean is necessary because of the difficulty and cost of direct 
vations due both to the opacity and vastness of the sea 
nd to the natural scales of the phenomena. Modern. predictive 


methodology is developing, guided by related experience in - 


orology, astronomy and engineering, ; and based on optimal 
ation procedures. Key issues are data assimilation in 
fanieal models’, 
iding (analysis) of gappy multicomponent data sets, and the 
der tanding of initialization and verification procedures. Our 
nce t invokes a descriptive predictive system** ‘consisting of 
servational network, a dynamical model and.a statistical 
del. The statistical model i is an anisotropic mixed space-time 
jective analysis scheme which depends on east, west and time 
ags”; it is used for initialization and verification analyses for 
lynamical forecasts. The dynamical model is a baroclinic 
uasigeostrophic model which interrelates the flow, density and 
yressure fields. The open (water—water) boundary conditions, 
which allow. the utilization of the model in arbitrarily located 
egions, require the specification of the normal flow everywhere 
around the region and the vorticity (horizontal gradients of 
r tal flow components) on inflow. The model has been 
cumented, calibrated, and applied to hindcasts of the POLY- 
10ptic/dynamics experiment data. With adequate 
onal resolution and accurate boundary conditions, the 
forecast its interior domain for months, with a nor- 
m.s. error of only a few per cent’. 
block’ of ocean, located in the California Current 
is centred at 38°15’ N and 126° W, with a mean depth 
m: Although close to topographic features, the bottom 
lly only 0(10°7) or less in the region. Three surveys 


highly variable flow consisting of current filaments F 


which involves the regular and synoptic 


75km 


Fig. l a, Streamfunction (pressure field) at 150-m depth in the 
main thermocline for Julian day 5506 (20 June 1983), used as the 
initial condition for forecast. and forecast experiment. The centre’ 
of the domain is at 38°15' N, 126° W. The ordinate is rotated 10°. 
west of north. The scale of the streamfunction is 5,000 m*s"! 
Arrows indicate flow speed and direction. The contour interval is 
0.5. b, As for a, Julian day 5520 (4 July 1983) used as verification 
for both the forecast and forecast experiment, also used in. the 
linear interpolation of boundary conditions for the forecast © 
experiment. 


intermingled with cyclonic and anticyclonic eddies. Substantial p 


changes in the flow system can occur within a weekë. These 
cruises were carried out to provide the requisite kinematical i 
background for the forecast reported here. In 1983, three.hydro- ` 


graphic surveys each of a week duration were obtained 2 weeks 


apart, to provide two sets of initialization and verification data. — 
Each hydrographic survey consisted of approximately 90 XBT 


_ (expendable bathythermograph) measurements of the vertical : 
temperature profile interspersed with 10 CTD (conductivity- 


temperature—depth) measurements of both the temperature and 
salinity profiles. Nominal station spacing along the ship track 
was ~10km. Temperature and salinity are well correlated in 
this region so the mean temperature-salinity relationship was > 
used together with the XBT measurements to obtain density — 
profiles and geostrophic currents (dynamic height). Although’ 
we plan direct current measurements in future work, the thermo- 
cline flow pattern is not sensitive to reasonable assumptions 
about a geostrophic reference level. Analyses were carried out: 
for each central day by combining data and mapping with a 
time-independent objective analysis scheme. The first ae 
second analyses are shown in Fig. la, b. 

Originally (Fig. 1a) the flow in the centre of the region. was 


_ weak with a strong anticyclonic eddy in the north-east corner, 
a Southwesiward current, > part of an ie A eddy H 
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Fig. 2 a, Forecast streamfunction at 150-m depth for Julian day 
5520 (a 2-week forecast), using persistent boundary conditions 
- {those of Julian day 5506). b, Forecast experiment streamfunction 
< at 150m for Julian day 5520 (a 2-week forecast), using linearly- 
interpolated boundary conditions (between Julian day 5506 and 
at) C, ae for b, anes day 5513 (the forecast after | week). 


north-west and a segment of cyclonic flow in the southern 
- boundary. Two weeks later (Fig. 1b) the flow had dramatically 
changed; the centre was dominated by a strong zonal jet, the 
-anticylones in the north-west and north-east had apparently 
merged, and the southern cyclone intensified. After another 2 
weeks (not shown), the anticyclonic eddy was further enlarged 
and the jet, now entering from the eastern edge and oriented 
towards the south-west, filled the entire central and southern 
region. 

- For the dynamical model forecast runs, physical resolution 
and computational accuracy considerations led to a time step 
of 3h, 9km horizontal resolution and six vertical levels 
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then taken to be composed of only the barotropic and firs 
barolinic modes, with an amplitude ratio determined by numeri 
cal experiments. Thus determined, the deep flow estimate pro 
vides a velocity at 500m, which was used as a reference value. 
for the thermocline shear. This choice of deep structure, and 
the ability to estimate the first mode structure from thermocline 
measurements only, are supported by our related studies with 
empirical orthogonal functions. After trying different mode ratio 
assumptions in real time, a barotropic mode was added which =- 
had 75% of the energy of the first baroclinic mode and opposed ik 
it below the thermocline. This initial mode ratio resulted inthe 
least rapid change of the amplitude ratio of the barotropic to Eg 
first baroclinic mode at the start of the forecast. The forecasted” 
thermocline flow patterns were in any case found to be insens 
tive to the assumptions about the mode ratios. 

Real-time forecasts were performed by initializing the dynami 
cal model with the analysed data and by simply persisting the 
initial boundary conditions for the duration of the forecas 
Later we performed a dynamical ‘forecast experiment’ w 
boundary conditions linearly interpolated in time between t 
initialization and verification analyses. The forecasts are sho’ 
in Fig. 2(a, b) for the cases of persisted (interpolated) oe 
conditions. | 

During the forecasts the anticyclone in the north-west com 
moved into the region, merged with the anticyclone in th 
north-east corner, which then weakened and disappeared, the 
small closed contour in the eastern central region of Fig. 1b is 
the remnant of the original north-east corner anticyclone. TF 
southern cyclone enlarged, strengthened and also contribute 
to the zonal jet. This dynamical behaviour occurred in both 
forecast and the forecast experiment and the zonal jet is $ 
prominently in Figs 1b, 2a, b. The (incorrect) persisted boundai 
conditions of the forecast alter the flow pattern at the edges a a 
ultimately suppress the north-west corner eddy. However 
forecast experiment with interpolated boundary conditions 
resents very well the flow pattern and current strengt : 
everywhere. This indicates that the dynamical model can ‘pre 
ject’ good resolution boundary data into a rather large dom 
Results for the second period were similar. 

To illustrate the power of the model as an interpretative. 
physical tool, we show in Fig. 2c the flow field a week after th 
start of the forecast experiment. Without dynamical model 
polation it is impossible to relate unambiguously the syni 
realizations of Fig. 1 separated by only 2 weeks. Figure 2c sho 
the anticyclone originally in the north-east weakened to half 
original strength; the jet has formed and the southern cyclor 
is present. Elucidation of the nonlinear processes inherent in 
the eddy merger and jet production shown in Fig. 2 will be : a gi 
contribution to eddy dynamics. ee 

The success of our real-time dynamical forecast is encouraging eee 
for the prospects of practical real-time ocean forecasting. The _ 
substantial improvement of the dynamical forecast with: intere 
polated boundary condition directs our research now towards: 
(1) statistical forecasting of the boundary conditions for the _ 
dynamical forecast and/or (2) strategies for acquiring new data ee 
for boundary condition updating during the forecast. The use 
of time-dependent objective analysis is essential. The 19% 
forecast was a prototype experiment performed as part of tl 
OPTOMA program (Ocean Prediction Through Obs 
tion, Modeling and Analysis) which plans a major fo 
experiment in the summer of 1984 when mixed-la 
namics and satellite imagery will be added to t 
scheme. 

We thank the Office of Naval Research for thei 
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imary productivity in natural waters may sometimes be limited 

y the availability of iron’*. To understand the process it is 

lecessary to know which form(s) of iron can be utilized by phyto- 

lankton. Here we present evidence, from algal culture work and 

otochemical experiments, which suggests that the prevalent form 

iron in most natural waters—-particulate iron(111) oxide—is an 

uate source of iron for algae, even though iron is taken up 

its soluble, ionic form“. This is because the oxide undergoes 

ight-induced reduction, providing a continuous supply of soluble 

e) iron(11). Humic substances (HS), co-precipitated with 

le, participate in the reduction process by reducing the 

directly and/or by maintaining it in a reducible state. 

ndings suggest that, at least in freshwaters, cessation of 
plankton growth is rarely due to lack of iron. 

1¢ uptake of iron by phytoplankton, and the possibility of 

‘on-limited growth, depend on the chemical speciation of the 

ement”. It has usually been assumed that algae take up 

soluble ionic species. However, the stable form of iron in oxic 

waters of neutral or near-neutral pH is Fe(111), which has a low 

ubility®. Therefore, algal growth might cease or be severely 


ailed if, after initial growth had used up the small amount 


oluble (available) iron, its replenishment was slow in relation 

to the further demands of the algae*®. Whether such a situation 

actually arises depends on the lability of those iron species 

which, although unavailable per se, can be converted into avail- 
able forms. ae 

n algal culture work, iron is commonly added in a soluble 

helated form, such as Fe(11)~EDTA’. Such chelates are 


ought to allow iron to be taken up efficiently through photo- 
composition, whereby. the chelated iron is reduced and 


eleased as solub 


‘ when exposed to light'*. These facts prompted us to 

ally-occurring iron oxide for light-induced reduction 

iron source for the common green alga Monoraphidium 

| (Thur. in Bréb.) Komdrkova-Legnerova. We believe 

to be the first study of a well-characterized naturally- 
g form in relation to algal iron nutrition. 

atural iron oxide, ~10% by weight HS, accumulates in 

polimnion of Esthwaite Water in Cumbria, UK, during 


lea 


Nephelometer reading 
Enn 


Growth time (days) 


m7? 


_the summer, being formed through the oxidation of Fean ` 

- diffusing out of the sediment. The sample used in this work was 

collected from 1m above the sediment of Esthwaite Water in 
July 1983, and was kept at neutral pH in the dark at 6 °C before 


use. Details of material sampled on earlier dates are given in 
ref. 13. 

As well as the natural oxide, other forms of Fe(111), were 
tested. Aged ferrihydrite’? was prepared by neutralizing . 
Fe(NO;)3, with NaOH and keeping the precipitate at pH7 for. 
4 months at 6°C in the dark. Fresh ferrihydrite was obtained 
by addition of a solution of Fe(NO;), directly to the culture 
medium in algal cultures or to the Tris-HCI buffer in the photo- 


chemical experiments (see below). A synthetic Fe(111)-humic 


co-precipitate (HS/Fe = 2, by weight) was prepared by oxidizing. 


FeSO, in the presence of Penwhirn Reservoir HS” and was 
stored in the same conditions as the aged ferrihydrite. Colloidal 
haematite (a-Fe,O0;), goethite (a-FeOOH) and lepidocrocite 


FeOOH) were synthesized by. 


ethods given in refs 17 








le 1 ~ Reaction of different forms of Fe( it) with bathophenanthro- 
= line disulphonate (BPDS) 











% Fe reacted with BPDS after 16 h 
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| Form of Fe(111) Light Dark 
Esthwaite Water iron oxide 6 2 
_ Fe(111)~HS co-precipitate 7 2 
Fe(n1)-EDTA 34 0 
Ferrihydrite Fresh 39 tl 
Aged 2 1 


Iron samples were incubated at a concentration of 2 x 1074 mol dm™* 


in 5x 1074 mol dm? BPDS and 0.02 mol dm? Tris-HCI at pH 8.15 and 
` 20°C. When applied, illumination was as in the algal culture expert- 
~~ ments (Fig. 1). The formation of Fe-BPDS complexes was monitored 

by spectrophotometry at 536 nm. No reduced iron was detectable at 


zero time. 


‘and 19 respectively. The Fe(1i) chelates of EDTA and the 
siderophore desferrioxamine B” were prepared with the chelates 
in twofold molar excess. 
= Figure 1 shows that, with a light regime which simulates 
natural conditions reasonably well, and at a total iron concentra- 
tion (2x 107° mol dm~*) typical of natural waters, good growth 
of Monoraphidium was obtained with four of the forms of iron 
studied; Fe(111)-EDTA, the synthetic Fe(111)-HS co-precipitate, 
the fresh ferrihydrite and the natural Esthwaite Water iron oxide. 
‘The aged ferrihydrite was less effective but gave slightly better 
growth than was obtained with no added iron. Neither the 
crystalline oxides nor the Fe(111)—desferrioxamine B chelate 
improved growth. 
Table 1 shows the results of photochemical experiments in 
which the different forms of iron were incubated, either illumi- 
nated or in the dark, at the same pH (8.15) as the algal cultures, 
in the presence of bathophenanthroline disulphonate (BPDS). 
BPDS strongly complexes Fe(11) and so would trap any Fe(1!) 
produced before re-oxidation’*"'. The results for Fe(in)-EDTA 
are consistent with the well-established photodegradation of the 
chelate to- give Fe(i1) (ref. 10). The results for the other four 
types of iron which enhance algal growth are less clear-cut 
-because in each case iron was to some extent trapped by BPDS 
“in the dark. The dark-iron—-BPDS reactions were probably due 
to the complexation by BPDS of the relatively labile Fe(it1), 
followed by reduction to the BPDS—Fe(1!) complex”! or, when 
HS were present, due to the reduction of the iron to Fe(1!) 
which then reacted with BPDS. Notwithstanding the reactions 
“in the dark, however, the enhanced production of BPDS- 
complexed iron when the samples were illuminated indicates 
that these Fe(111) species each underwent light-induced reduc- 
tion to give Fe(11) which was subsequently trapped by BPDS. 
_ No Fe-BPDS complexation occurred with the crystalline oxides, 
| nor with the Fe(111)—desferrioxamine B chelate. 
© The results in Table | and Fig. 1 show that those forms of 
~ Fe (101) which undergo light-induced reduction also support the 
-growth of Monoraphidium, in accord with the hypothesis that 
_algae utilize soluble, ionic iron. The Fe(111)—desferrioxamine B 
chelate is neither reduced nor does it support growth, showing 
that iron uptake does not depend merely on solubilization. 
The results for the humic-free ferrihydrite samples show that 
HS are not essential for the production of Fe(11). However, the 
_ susceptiblity of ferrihydrite to reduction decreases quite rapidly 
with time, as shown by the results for the fresh and aged samples 


at pH 8.15 was sufficient to decrease by 80% the amount of Fe 
trapped by BPDS in 16 h in illuminated conditions. In contrast, 
-the synthetic Fe(111)-humic co-precipitate, in which the iron 
appears (by transmission electron microscopy) to be present 
“largely as ferrihydrite, was both more readily reduced and better 
at supporting algal growth than the aged humic-free ferrihydrite, 
although the two samples were prepared at the same time and 
stored in the same conditions. The difference might be expl ained 


¥.f* 


by the co-precipitated HS i thibiting the agel 









under illumination”. = 


ing of the ferrihy- 28. 


ce ats 
















Irrespective of their mechanism(s) of action, howe’ 
conclude that co-precipitated HS can maintain the suscep 
of iron(111) oxide to light-induced reduction, and that th 
longs the availability to algae of Fe(111). The possible rote?! 
HS in making iron available was discussed by Shapiro’, but Yn 
terms of peptization of colloidal particles rather than red tion 
of Fe(111). The beneficial effects of HS on the growth in culture 
of a variety of algae?” may well have been due tothe HS 
making iron more susceptible to reduction. ae 

Wells et al2° considered that algal uptake of iron from syn- 
thetic iron(111) (hydr)oxides was related to the rate of (ligbt-; a 
independent, non-reductive) dissolution of the solid. However, = 
at neutral or alkaline pH, dissolution due to light-induced reduc- 
tion is likely to be of much greater significance. f 

The mechanism for making iron available to algae demon- ` 
strated by our results is similar to one suggested? in relation © 
to manganese uptake by marine phytoplankton, which wasbased 
on observations of light-induced reduction by marine HS of = 
synthetic manganese dioxide. ieee 

In the epilimnion of Esthwaite Water, much of the particulate’ 
iron is present as amorphous iron(1n) oxide particles similar in 
appearance and size to the hypolimnetic material studies 
above. Assuming that the epilimnetic iron is similarly suscep-, 
tible to reduction, then at any one time during the summer | 
months there is a large pool of iron (10°°-3 x 107° mol dm 
which can be made available to algae. The pool is continua 
replenished by iron oxide brought into the lake in inflow: 
diffusing upwards from the deep water or sediment. It is: 
difficult to see how, in this lake, algal uptake could exhaust the 
supply of iron to the point where further growth was demon- ` 
strably iron-limited. Whether this applies to other natural waters `- 
remains to be seen. The effects on iron supply of total iron. 
concentration, pH and light intensity require investigation, an 
other natural iron oxides need to be tested for light-induced: 
reduction. Clearly, however, substantiation of suspected iro 
limitation in nature must take account of the reducible iro 
oxide pool in relation to the modest iron requirements of plank- 
tonic algae. ee 

We thank W. Davison for helpful comments, M. Ohnstad and _ 

C. Woof for technical assistance, B. Winstanley for the construc: 

tion of gas manifolds and J. Hawksford and E. M. Evans for. 

typing the manuscript. This work was supported by the NE 
and was carried out while D.A.S.F. was on a sandwich cou 
at Brunel University. 







































Received 23 February; accepted 8 May 1984. 


Gran, H. H. Biol. Bull. 64, 159-18} (1933). 

Harvey, H. W. J. mar. Biol. Ass. 22, 205-219 (1937). 

_ Goldberg, E. D. Biol Bull. 102, 243-248 (1952). 

_ Davies, A. G. J. mar. Biol. Ass. 50, 65-86 (1970). 

_ Anderson, M. A. & Morel, F. M. M. Limnol. Oceanogr. 27, 789-813 (1982). 

. Shapiro, J. J. Am, Wat, Wks Ass. $6, 1062-1082 (1964). 

_ Shapiro, J. in Chemical Environment in the Aquatic Habitat (eds Golterman, H. L. & Clymo, 

R. §.} 219-228 (North-Holland, Amsterdam, 1967). 

8. Stumm, W. & Morgan, J. J. Aquatic Chemistry (Wiley, New York, 1970). 

9. Provasoli, L., McLaughlin, J. A. & Droop, M. R. Arch. Mikrobiol. 28, 392-428 (1957). 

10. Hill-Cottingham, D. G. Nature 175, 347-348 (1955). 

ti. Owens, L. D. & Chaney, R. L. Pl Physiol. 48, 8 (1971). 

12. Tipping, E. Geochim. cosmochim. Acta 4S, 191-199 (1981). : 

13. Tipping, E., Cooke, D. & Woof, C. Geochim. cosmochim. Acta 48, 1411-1419 (1981)... 

14. Miles, C., J. & Brezonik, P, L. Envir. Sci. Technol. 18, 1090-1095 (1981). Kipri, 

15. Schwertmann, U. & Taylor, R. M. in Minerals in Soil Environments (eds Dixon, J. B: & 
Weed, S, B.} 145-186 (Soil Science Society of America, 1977). 

16. Tipping, E. & Ohnstad, M. Chem. Geol. (in the press). 

17. Matijevic, E. & Scheiner, P. J. Coll. Interface Sci. 63, 509-524 (1978). 

18. Atkinson, R. J., Posner, A. M. & Quirk, J. P. J. phys. Chem. 71, 550-558 (1967). > 

19. Sung, W. & Morgan, J. J. Envir. Sci. Technol, 14, 561-568 (1980). ae 

20. Neilands, J. B. in inorganic Biochemistry Vol. | (ed, Eichhorn, G. 1.) 167-20 
Amsterdam, !973). 

21. Lee, G. F. & Stumm, W. J. Am, Wat Wks. Ass. $2, 1567-1574 (1960). 

22. Prakash, A. & Rashid, M. A. Limnol. Oceanogr. 13, 598-606 (1968). 

33. Prakash, A., Rashid, M. A., Jensen, A. & Subba Rao, D. V. Limnol. Oceanogr. - 
(1973). Bete 

24. Giesy, J. P. J. Phycol. 12, 172-179 {1976}. 

25. Lange, W. Proc, 13th Conf. Great Lakes Res. 58-70 (1970). N: 

26. Wells, M. L., Zorkin, N. G. & Lewis, A. G. J. mar. Res. 41, 731-746 (198 

27. Sunda, W. G., Huntsman, $. A. & Harvey, G. R. Nature 301, 234-23 

28. Tipping, E., Woof, C. & Ohnstad, M: Hydrobiologia 92, 383-393 (198 


= GUA da tn bom 







































































of leaves 


ian p 


| ution 


ie 


Devo 
rly evol 


Patricia G. Gensel 


artment of Biology, University of North Carolina, Chapel Hill, 
-North Carolina 27514, USA 








Paateron eremm eaa titrer eine m 


The fossil record suggests that, by the end of the early Devonian, 
: vascular plants had diversified considerably but they were still 
> felatively simple in their organization’. Most exhibit much- 

divided aerial shoots arranged in various patterns but lack clear 
© differentiation into stems and leaves. I describe here a novel plant, 
~ discovered in the upper Lower Devonian of Gaspé, Quebec, 
__ Canada, whose anatomy is more complex and indicates a level of 
_. stem-leaf differentiation significantly more advanced than any 

known for trimerophytes or other taxa of this age. The presence 
-of a lobed xylem, with mesarch protoxylem elements in major 
axes, and an elliptically shaped trace in first-order lateral axes in 
: the new plant suggests that by the end of the early Devonian, the 
_- evolution of megaphyllous leaves has indeed begun, even though 
morphologically they were still much divided and non-laminate. 

«i The anatomy of most vascular plants from the Lower 

Yevonian consists of a solid terete or elliptical cylinder of 
tracheids with centrarch or exarch primary xylem maturation 
(except in lycophytes or lycophyte precursors with vascularized 
microphyllous leaves and lobed xylem). A variety of sporangial 




































> possess unvascularized, usually multicellular emergences. 
econdary tissues other than wound tissue are known and 
»duction was homosporous or incipiently heterosporous. In 
rast, middle and late Devonian plants show the first appear- 
ce of more complex stelar patterns, some morphological 
nd/or anatomical distinction between stems and megaphyllous 
leaves, secondary tissues, arborescence, heterospory and the 
seed habit. By then, many major plant lineages had become 
evident, some of which can be linked, at least indirectly, to 
modern plant groups. a 

_ The new plant described here is represented by compression 
~ and permineralized specimens collected from the Battery Point 
~ Formation near Seal Rock Landing on the north shore of Gaspé 





siensis dispersed spore assemblage zone* of early Emsian 
“age. On some compressions, short lengths of axes are per- 
mineralized by pyrite or limonite. Some axes also occur in 
isolated pyrite nodules. So far, only vegetative remains have 
been found in attachment, although associated fertile organs 
occur. 

<. The new plant, although similar in external vegetative mor- 
¿phology and complexity to the contemporaneous (Lower 
< Devonian) trimerophyte genera Pertica, Trimerophyton and, to 
some extent, Psilophyton*’, differs significantly on close examin- 
-ation in details of branching pattern (Fig. la, b) as well as 
anatomy. The major axes, 0.7~I cm wide, bifurcate into two 
_equal-sized units (Fig. 16, B). Each of these divides equally 
(isotomously) again or unequally (anisotomously) to produce 
distantly spaced, spirally arranged lateral branches (Fig. 1b, L). 
_ The latter divide anisotomously either just above their point of 
departure or more distally to produce small third-order axes. 
These divide one to three times and, where complete, terminate 
ecurved tips. All axes are covered with short (0.3-0.6 mm) 
which are represented by punctiform scars on axis 





e xylem consists of primary tissues forming a deeply three- 
:d_protostele (Fig. 1c). Three protoxylem areas, one near 
end of each arm, are present, and a fourth is often 
in the centre (Fig. 1c). This type of xylem was observed 
. the major axes above and below isotomous 


es and modes of attachment (terminal, lateral) occur and 


Bay, Quebec, Canada. The age of the sediments is determined © 
y dispersed spores which represent McGregor’s caperatus- — 


monopodially divided lateral branches. Where anatomy is 


_lem region and irregularly shaped metaxyiem. Additional 
~ lobed xylem with protoxylem areas in t as fe 








Xylem maturation thus is mesarch; the protoxylem el 
commonly are broken down to form lacunae. Protoxyle 
sometimes appear linked by a band of small cells which prot 
represent compressed metaxylem elements. The latter exhib 
scalariform thickenings or oval and circular pits on all w 
(Fig. ld). | 

Lateral traces are helically arranged. Formation of a later 
trace involves: (1) tangential enlargement of the end of a xylem 
lobe, first to one side and then the other (Fig. If, g), (2) 
enlargement and division in protoxylem tissue (Fig. 1g, h) and 
(3) separation of outer protoxylem and associated metaxylem 
elements (Fig. 1h, e). The tangentially elongate lateral trace 
usually remains elliptical in shape, with centrally located pro- 
toxylem, after leaving the cortex. These traces supply the lateral . 
branches resulting from anisotomies (branches labelled L in Fig. 
Ib). | a 

No early Devonian plant exhibits this particular combination : 
of a lobed vascular strand, mesarch primary xylem maturation. | 
and type of lateral trace production. Several groups of middle 
Devonian plants, namely the Aneurophytales (Progymnosper- 
mopsida), Iridopteridales (sensu Stein, 1982) and Cladoxy- 
lales*"'* have variously lobed xylem with protoxylem lacunae 
surrounded either by remnants of protoxylem or by metaxylem. 
In these plants, vascular traces to lateral branches usually depart 
from the lobe tips; at some level the lateral traces differ from 
the parent axis in size or shape and where different are believed 
to indicate the presence of leaves. These plants can be distin- 
guished from each other and from the new plant in number and 
location of protoxylem areas, shape and mode of production 
of lateral traces, and in the presence (in aneurophytes) of secon- 
dary tissues. The new plant might be regarded as a trimerophyte 
derivative leading towards certain of these younger plant groups, 
such as the Aneurophytales or Iridopteridales. Other plant. 
groups such as the Cladoxylales and/or ferns probably evolved 
independently from a trimerophyte ancestor, perhaps at different 
times. | 

The anatomy of the new plant offers evidence concerning 
differentiation of stems leading to the establishment of leaves. 
In most early Devonian plant groups, evolution of megaphyllous: 
leaves is regarded as being at a very early stage, manifested: 
mainly as variability in branching patterns of stem-like axes. 
Plants with undoubtedly laminate, megaphylious leaves occur 
in the Upper Devonian'*'>, although rare occurrences of incom- 
pletely preserved laminate, apparently megaphyllous leave 
( Platyphyllum) of uncertain affinities have been reported from 
the Emsian™'*, It has been postulated'*’” that the trimerophytes. 
exhibit early transitions of branch systems to megaphyllous. 
leaves, as follows: (1) in Psilophyton, variation in dichotomous 
to pseudomonopodial branching patterns; (2) in Pertica and 
Trimerophyton, the development of a distinct, robust major axis _ 
with subordinate lateral branches; and (3) in the latter two | 
genera a tendency. for regularly arranged, but pseudo- ` 












































































known, no major change in vascular strand shape occurs in the 
various orders of br ig, except for a slight difference in 
shape in strands departing to fertile branches in Psilophyton 
dawsonii'°. The new plant demonstrates a pronounced anatomi- 
cal change from the lobed xylem of the main axis to an elliptically 
shaped, first-order lateral branch trace. Comparable changes in 
vascular strand shape in younger fossil plants, or extant ones, 
occur between stem and leaf. 

The transition from an elliptical centrarch xylem strand, typi- 
cal of trimerophytes, to a lobed, mesarch one as is present in 
the new plant and several Middle~Upper Devonian ones of. 
various affinities is here considered possible by loss during 
development of centrally located protoxylem, leaving separate. 
peripheral strands, and by variable metaxylem development. An 
intermediate condition may occur in Psilophyton dawsonii in- 
those axes from which numerous vegetative branches depart in 
quick succession and which exhibit a somewhat lobed protoxy 








lem areas in the lobes, as fo 
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Fig. 1 a, Compression/impression showing major components of branching: note two equal bifurcations of the main axis near the base, and 
production of lateral branches distally. b, Line drawing based on tracing photographs of part and counterpart of specimen in a. The lateral 
branch in the middle of the drawing was exposed by splitting of the upper portion of the specimen in a. B, Bifurcation of major axis; L, 
lateral branch: three-lobed symbols indicate regions where permineralized axes were removed. c, Transverse section of major axis obtained 
from specimen in a, showing deeply three-lobed stele, protoxylem lacunae and a band of narrow metaxylem cells in the centre, x20. d, 
Scanning electron micrograph of pyritized tracheids in longitudinal view, showing tapered end walls (lower right) and scalariform to oval 
pits. e, One lobe of a major axis and an elliptical lateral trace: the trace was produced by the sequence in f-h. 42. f—h, Stages in the 
production of lateral trace. f, Xylem at tip of lobe expands to one side. x56. g, Xylem is expanded in both directions; trace is beginning to 
become detached from lobe. x55. h, Trace further detached from lobe and nearly fully formed; this becomes separate as shown in e. X60. 
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w plant, may be linked to the very re; | 
branch departure. In view of this evidence, it is interesting to 
“consider once again what type of xylem existed in plants like 
the trimerophytes Pertica and Trimerophyton, which also show 
a regular pattern of lateral branch departure. 
i summary, the new plant, while resembling known Lower 
yonian plants in general morphology, is more complex 
atomically but can be logically derived from them. Further, 
it suggests that appendicular structures or leaves were already 
_ being differentiated at that time, even though morphologically 
` they still were much divided and non-laminate. 
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The adaptive significance of morphological traits can be assessed 
y „measuring and identifying the forces of selection acting on 
. Boag and Grant’ documented directional selection in a small 
«population of Darwin’s medium ground finches, Geospiza fortis, 
¿© on L Daphne Major, Galapagos, in 1977. Large beak and body 
_ _ Size were favoured at a time of diminishing food supply and high 
z- adult mortality. We show here that in two subsequent periods of 
moderate to high adult mortality (1980 and 1982), the population 
< was subject to the same selection. We have used a recently 
developed technique’ to ascertain the targets of direct selection. 
Beak depth and body weight were commonly under direct selection 













¿to increase but, surprisingly, beak width was directly selected to 


_ decrease, over all three periods of mortality. The results have 
implications for our understanding of evolutionary change in 
morphological traits of Darwin’s finches**. 
We consider three 18-month periods of adult disappearance, 
“mainly due to mortality'’, between June 1976 and December 
1982 (Table 1). Each period was associated with a year of low 
-> rainfall (Table 1). Less than 5% of adult mortality occurred in 
-> the remaining 24 months (January 1978—June 1979 and January- 
June 1981). Only adults (at least 1 year old) which had been 
ringed and measured before the periods of high mortality are 
included in the analyses. Survival of ringed and measured birds 
as assessed by a detailed census at the end of each period’”, 
d abundance was estimated at this time by counting seeds 
| plants and in the soil in 50 randomly placed quadrats’, 
sur characters (body weight in grams, and beak length, beak 
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gular pattern of lateral 


-beak width in millimetres) have been measured by _ 


ina consistent fashion”. The characters are ing drought.co 







; vely correlated” n 
analysis, rmed and then stand: 
have zero mean and unit variance. a 
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periods, selection differentials are sig 
/ are not significantly different fror 
arger than those individuals that disay 
- most intense selection in this dir 
en the lowest number of individuals (15° 
ie selection gradients indicate tha 
1 characters are due almost entirely to’ 
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are positive and partial regression coefficients of rela ive f Š 
on beak width are negative (Tables 2, 3). When the selection 
over the 1977 drought is divided into-three consecutive 6-month 
periods, this pattern is observed within each period (Table 4). 
It is also observed when selection on each sex is analysed | 

The repeatedly observed direct selection favouring a small _ 
beak width w en intense. It was sufficient to counteract 
strong selectio , large beak depth and/or body weight — 
in the 1978 cohort in both 1979-80 and 198 1-82, resulting in | 
small selection o sntials for all characters, but not in the — 
pre-1976 cohort in 1981-82 (Table 3). 

Selection events can be interpreted in terms of feeding condi- 
tions. Seed supp! e during a drought’, but hard seeds 
are proportional! on (T 1). Only the larger ~ 
individuals can. : 


individuals, effici 
a positive functio 
body size associat 
to the superior see 
demonstration here 
strengthens this 


coefficients of relative fitness on beak depth and bo | 

























narrow beak is favoured in the specialized 
Tribulus f individuals crack the fruits by placing 
the side of the beak across a corner and twisting’. Tribulus is 
an important food for G. fortis during droughts because it 
remains common (Table 1) and, unlike Opuntia, is not defended — 
or consumed by the cactus ground finch, Geospiza scandens, the 
only other common finch on the island. Tribulus cistoides may 
have been introduced to the Galapagos in the past 450 yr’. If 
so, the directional selection pressures on beak width that we 
have detected are relatively new. g S 
This study has shown that selection repeatedly 
individuals with large beak depth and/or body weig 
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1 selection period, and seed biom: 


Rainfall ~ Population sizes a 
Period. studied (mm) Before After Small seeds "eohibe? 


June 1976 to 24.0 1,200 200 h am 13. 6 
December 1977 

June 1979 to _ 853.3 260 F7 ES 184.2 
December 1980 ha a = 

June 1981 to Sii 200 ‘ 0.5 E a at oO 
December 1982 o i eee , 


Seeds are divided into raiacallat cous small seeds, andi a OTE P seed ( Opuntia) ind a large seed ( Tribulus), both of which require signi ant 
force to crack and cannot be handled by all the finches LLE All rain fell in January~May of each period. 


1976-77 


Bxs.e. 


Weight (g 0,62  0.51+0.14 
Beak length (mm) 1,49 0.17+0.18 
Beak depth (mm) | „61 0.79 + 0.23 

Beak width (mm) | 49 -0.47 +0.21 
R? ; 0.09 


1979-80 


B ts.e. 


0.08 + 0.06 
—0.04 + 0.07 
0.13+0.10 0.12 ). 0.42" 
—0§.14+ 0.09 0 ~0.2040.12.: 
0.02 0.06 | 
192 197 


Sample size | — 640 
Proportion surviving | | 0.15 0.78 | 0.65 


All values lie between ~} and I Sample sizes rele to birds alive at the beginning of each jaod Significance of skalon PA 
assessed by t-tests comparing survivors with. those who disappeared. Significant R? values, partial regression coefficients and selection different È 
are underlined (P < 0.05). > 


Table 3 Standardized selection differentials. (s) and standardized selection gradients (8) for two cohorts over the 1980 and 1982 drought periods. 


1981-82 


Pre-1976 1978 Pre-1976 1978, 1979 
B.+5.e. E. B tse. B Ese. Br 8.€., 


‘Weight (g) © 003 0.054008 . 0.06 + 0.08 ) 0.07+0.12 08 1540.0 
Beak length (mm) 0.10 -0.20 + 0.09 0t 0.08 +0.09 . 0.16+0.14 A 0.01 +0.41 
Beak depth (mm) —0.05. 0.03 + 0.12 0.37 +0.15 , 0.16+0.19 O01 0.16+0.15 | 
Beak width (mm) 0.05+0.11 —0.39+0.15 ~0.09 £0.19 ; -0.29 +0.15 
R? 0.08 O.L 0.15 0.05 
. Sample size | -92 100 85 112 te 

Proportion surviving a 7 0. 84 0.73 0.64 0. 67 ah 


z ‘Pre-1976' tides all birds hatched in 1975 € or r earlier. For the 1982 drought period the 17 birds hatched in 1979 are included with the 1978 ; og 
cohort. Significant: values (P <0.05) are underlined. 


Table 4 Standardized edoa differentials iG and standardized delea gradients (B ) over the drought of 1977, divided into ire consecutiv 
periods 
ao 1976 December 1976 to June 1977 June—December 1977 a 
S ee | Bse, | Bse. Bse = 
Weight (g) QOS o 0.03 + 0.04 2 0.23+0.08 9, 0.294012 
Beak length (mm) (06H 0.01 + 0.05 ~0.17+0.10 | 0440.1: 
a Beak depth (mm) = 008 O19 + 0.07 : 0.43 40.13 
Beak width (mm) | 0.04 |. 0.15 15 + 0.06 ) —0.19+0.12 
Ro. r 9,02 0.09 
‘Sample size 7 ee a Be Se ORO - 
e surviving ` re a 0.69 on 


The periods were defined by the t times. at which. a census of surviving finches was taken. The data were not re-standardized iom the fist 
riod, Significant values (P<6. 05) are underlined. 


pposing saii in Avent of. soati beak width. Given the 
igh heritabilities of these characters*'®, there is a strong poten- 
jal for microevolutionary change between ‘generations. The ane of the life on most ‘notably in association witl 
otential i is realized‘, but only to a small degree for two reasons. sitar small individuals have a selective advan age 
irst, there is a high positive genetic correlation, estimated to 
fs 4, 6), between the two beak traits 
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to beak size and shape in this population of Darwin's 
finches®!''~'°, 

We thank James Gibbs, Rosemary Grant, Eric Greene, Spike 
Millington, Laurene Ratcliffe, Jon Weiland and Ayse Unal for 
field assistance, and Rosemary Grant, Russell Lande and Dolph 
apaluter for advice. The work was supported by the National 
_ |Research Council (Canada) and the US NSF. 


Received 13 December 1983; accepted 18 April 1984. 


|. Boag, P. T. & Grant, P. R. Science 214, 82-85 (1981), 

2. Lande, R. & Arnold, S. J. Evolution 37, 1210-1226 (1983) 

3. Price, T. D. & Grant, P. R. Evolution 38, 483-494 (1984) 

4. Boag, P. T. Evolution 37, 877-894 (1983). 

5. Price, T. D. Am. Nat. 123, 500-518 (1984). 

6. Price, T. D., Grant, P. R. & Boag, P. T. in Population Biology and Evolution (eds Wéhrmann, 
K. & Léschcke, V.) (Springer, Berlin, 1984). 

7. Grant, P. R. Anim. Behav, 29, 785-793 (1981 ). 

8. Grant, P. R., Grant, B. R., Smith, J. N. M., Abbot, I. J. & Abbott, L. K. Proc. natn. Acad. 
Sei, U.S.A. 73, 257-261 (1976). 

9. Porter, D. M. Rhodora 69, 455-456 (1967). 

10. Boag, P. T. & Grant, P. R. Nature 274, 793-794 (1978). 

I1. Lack, D. Darwin's Finches (Cambridge University Press, 1983). 

12. Grant, P, R. Am. Scient. 69, 653-663 (1981). 

13. Boag, P. T. & Grant, P. R. Biol. J. Linn. Soc. 21 (in the press). 


SS e a 
Functions of the canal 

system in the rotaliid 

foraminifer, Heterostegina depressa 





Rudolf Rottger*, Michael Spindler?, 
Rolf Schmaljohannt, Michael Richwien* 
& Matthias Fladung* 


* Institut für Allgemeine Mikrobiologie der Universitat, 
Olshausenstr. 40, 23 Kiel, FRG 

t Institut und Museum fiir Geologie und Palaontologie der 
Universitat, Sigwartstr. 10, 74 Tubingen, FRG 

$ Institut fiir Meereskunde an der Universitat Kiel, 
Dusternbrooker Weg 20, 23 Kiel, FRG 





Advanced fossil and living rotaliacean foraminifera are character- 
ized by canal systems located within the walls of their plurilocular 
calcareous tests. Although these canals were described in detail 
during the nineteenth century’, their biological functions have 
remained obscure. A study of the Recent nummulitid, Heterostegina 
depressa, has now illuminated the role of the canal system and 
allowed us to interpret similar structures seen in related 
foraminifera of Tertiary age. It proves to be a structure of funda- 
mental importance for locomotion, growth, excretion, reproduction 
and protection. 

Although foraminiferal tests are characterized by a multi- 
plicity of shapes, wall structures and construction materials, in 
only a few taxa do we understand their functional roles well 
enough to demonstrate relationships to feeding methods or 
environments (substrates). The only group in which structural 
features can be explained as convergent adaptations to special 
modes of life are the larger symbiont-bearing benthic 
foraminifera (that is, members of the Miliolacea and Rotaliina). 
The transparency of the test wall and the high ratio of surface 
area to volume in those with flattened tests, provide the morpho- 
logical basis for a highly advantageous algal-foraminiferal sym- 
biosis’~”. We have examined the canal system within the sym- 
biont-bearing Recent nummulitid, H. depressa, in which the test 
walls replace the primary aperture seen in other foraminifera. 

H. depressa d'Orbigny inhabits the warm, shallow, nutrient- 
poor seas of the tropics and subtropics, where the light flux is 
relatively uniform throughout the year. This species exhibits 
marked physiological and morphological trimorphism: gamonts 

are up to 4 mm in diameter, while agamonts are up to 20 mm 
Mand schizonts up to 3 mm across. Although laboratory cultures!” 
in which all three forms reproduced were a prerequisite for this 
investigation, specimens from the sea around Hawaii were also 
used. 

In most multilocular foraminifera, successive chambers are 
connected by a single foramen, the last-formed chamber opening 
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into the surrounding medium through the terminal foramen 
(aperture). Many species of rotaliid foraminifera have canal 
systems of different kinds within the chamber walls, and in 
genera such as Operculina these canals allows communication 
between the undivided chamber cavities and the lateral surfaces 
of the test. The subdivided chamber cavities (chamberlets) of 
Heterostegina communicate with the lateral surfaces in a similar 
manner. Nummulitids also have a three-dimensional network 
of canals (continuous with the rest of the canal system) within 
the thickened peripheral keel (marginal cord), and this opens 
into the ambient seawater. 

Itis known that nummulitids do not usually have true primary 
or secondary apertures'', and few, if any, type descriptions of 
Heterostegina species establish their presence. This is not sur- 
prising, since the canaliculate marginal cord together with the 
canals of the chamber and chamberlet walls serve as an effective 
substitute. We have, however, observed apertures of various 
shapes and sizes in at least some individuals (see ref. 12). 

The morphology of the canal system has recently been investi- 
gated by optical and scanning electron microscopy, and its 
genesis explained; it has also been used taxonomically?! 124, 
The canal system permits the extrusion of pseudopodia from 
any point of the marginal cord, even when protoplasm has been 
retracted from the peripheral chambers. We regard this as its 
primary function, since it provides the animal with a physiologi- 
cal radial symmetry. In foraminifera lacking a canaliculate mar- 
ginal cord, pseudopodia emerge only from a single point in the 
test (the aperture), and then only if the protoplasm has not been 
retracted from the last chamber. As the extrusion of pseudopodia 
is the primary function of the aperture in other groups of 
foraminifera, it seems likely that its secondary functions are also 
taken over by the canal system in the Nummulitidae. That this 
is so is demonstrated here for the first time. 

In H. depressa, the terminal openings of the canals in the 
marginal cord function as a multitude of small primary apertures 
and extrude protoplasm which forms the template for the new 
chamber (Fig. 1). Although this process has been described 
previously’, only since it was recorded on film" has the signific- 
ance of the canal system been appreciated. Nummulitids such 
as H. depressa, Heterocyclina tuberculata Hottinger and Oper- 
culina ammonoides (Schröter) would probably be unable to 
construct large chambers with only a single exit for protoplasm. 

H. depressa is nourished by photosynthates obtained from 
symbiotic algae contained within the cell, and by the continuous 
digestion of a proportion of the total population of symbionts’. 
Digestion occurs throughout the test, and waste products are 
transported by the protoplasm from older to younger chambers. 
Eventually, they are excreted through the openings in the mar- 
ginal cord on the terminal chamber (Fig. 2) and through the 
aperture where this exists. The canal system thus provides for 
the removal of waste matter. 





Fig.1 Process of chamber formation in H. depressa. Protoplasmic 

filaments in large numbers emerge from the canals of the marginal 

cord of the youngest chamber in order to construct the template 
of a new chamber. Size of specimen 900 um. 
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Fig. 2 Part of the lateral surface of the youngest chamber of 

H. depressa with accumulations of excrement on the marginal cord 

of the test. The 1-2 um-sized grains have been excreted through 
the canals of the marginal cord. 





Fig. 3 Gamont of H.depressa from 100m water depth off 
Honolulu, Hawaii, releasing gametes (scale bar, 420 pm). Inset: 
The scanning electron micrograph of the test surface shows pores 
and biflagellate gametes which were released through the canals. 
Size of the gametes lum owing to shrinkage during fixation; size 


“ 


of living gametes 2.5 um. 


The canal system also functions during sexual reproduction. 
The 2.5-um gametes are released mainly through the canal 
system of the marginal cord (Fig. 3). During asexual multiple 
fission of the schizont and agamont, the protoplasm, along with 
the symbionts, evacuates the test and subsequently divides into 
hundreds or thousands of daughter cells in the ambient seawater. 
Microcinematographic time-lapse photographs’? have shown 
that the protoplasm emerges from the lateral surfaces of the 
parent test via the canal system (Fig. 4a-c). The symbiotic 
diatoms undergo severe deformation as they are transported 
through the 2-3-,.m wide sutural canals. This is possible because 
they do not possess silica frustules but only membranous cell 
envelopes; normally, they are 8-11 pm long, 4-5 pm wide and 
very variable in shape’”; they are thus well-adapted to this mode 
of transport. The outflow of the entire protoplasm through the 
long and narrow canal system takes a comparatively short time 
(38 min—4 h 16 min). 

Throughout most of its life, H. depressa is covered by a 
transparent sheath attached to the substrate by elastic processes. 
This prevents transport in turbulent water and also protects the 
chambers during the growth phases which occur internally. 
Immature individuals leave their sheaths at intervals and replace 
them with larger ones'*'*?°. Light microscope observations 
show that the secretion of the sheath lasts only a few hours, the 
material being passed through openings of the canal system 
onto the surface of the test. The canal system as a whole may 
therefore be said to provide the morphological basis for the 
rapid formation of this organic protective structure, 





Fig. 4 Microcinematographic shots'’ of an agamont of H. 
depressa from 45 m water depth, Island of Maui, Hawaii (size 9.8 
mm). The protoplasm emerges from the test and then divides into 
the daughter cells. a, The protoplasm has retracted from the 
peripheral part of the calcareous test, thus indicating the beginning 
of multiple fission. Its dark coloration, caused by the symbiotic 
diatoms, contrasts with the colourless walls of the chambers and 
chamberlets. b, The protoplasm has evacuated most of the test 
through the canal system, and now covers both lateral surfaces 
c, The protoplasm has divided into the daughter cells Juveniles 
lying below the maternal test are also visible. Duration of evacu- 
ation process 2h 17 min. 
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ipal biological functions of the protoplasm. | 
Ithough the flattened and translucent nummulitid test is well 
apted to its function as part of a symbiotic association, it also 
encloses a large volume of protoplasm (plus symbionts) that has 
o communicate with the outside world. This connection is 
fected by the canal system which provides physiological con- 
uity between the internal protoplasm and the surrounding 
cawater. 
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ipheral injury enhances central 
generation of primary sensory neurones 
M. Richardson & V. M. K. Issa 
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The ‘success of peripheral and fetal neural tissue in promoting — 
outgrowth of axons from the adult mammalian central nervous 
system'* has tended to focus attention on local interactions 
between extending axons and their environment. The contribution 
to axon regeneration of biochemical and morphological changes 
in injured neurones*’ is more difficult to evaluate. We report here 
__. that long spinal axons of primary sensory neurones are 100 times 
more likely to regenerate into peripheral nerve grafts if their 
peripheral axons are also cut. Regenerative behaviour at the axon 
. tip seems to be strongly influenced by inducible events in the nerve 
eel. 
. : ~~ In each of 11 rats, 6-8 weeks old, the dorsal columns were 
incised bilaterally after high cervical laminectomy and a segment 
from the right sciatic nerve was transplanted in the midline to 
injured spinal cord. Such autogenous grafts provide a favour- 
s milieu for spinal axons that usually fail to regenerate in 
ir natural neuroglial environment**’. Two to three months 
after the operation, retrograde tracing with horseradish peroxi- 
tase (HRP) was used to identify neurones with axons regenerat- 
g from the spinal cord (Fig. 1). Particular attention was paid 
L4 and L5 dorsal root ganglia (DRG), which contain 
arge neurones projecting centrally to the brain stem and. 
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rally to the sciatic nerve. Control experiments with crush- 
year the spinal cord at the time of injection of HRP 
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excluded the possibility of false-positive labelling by dif 
or vascular spread. It was assumed that a neurone was lab 
only if its spinal axon had entered a peripheral nerve graft a 
grown several millimetres or more within it. On the left, the 
and L5 DRG usually contained no labelled neurones, and th 
most per pair was 10. On the right, all L4 or LS DRG containe 













































spinal axons exceeded 50% of this count. i 
Similar grafting and labelling techniques were used on four- 
other groups of rats (Fig. 2a) receiving different combination: 
of treatments to the two sciatic nerves. When neither sciatic 
nerve was cut (in Lewis rats with isogenous grafts), almost no 
regeneration was detected from lumbar DRG: when both sciatic 
nerves were cut, the mean count for labelled neurones in L441 
DRG on each side was 385 and the difference between counts” 
on the two sides was not significant. The latter result. excludes. 
a systematic bias in positioning of the grafts or a strong tendency 
for axons in one dorsal column to regenerate into an ipsilatera 
rather than contralateral nerve segment. Sham operation or- 
crushing of the sciatic nerve was much less effective than nerve. 
transection in evoking spinal regeneration; after either pro- 
cedure, counts of labelled neurones in ganglia on the appropriate ` 
side averaged less than 10% of those on the side from which ` 
the graft was taken. In 70 C8 DRG, the mean and range of the- 
number of labelled neurones were | and 0-7, respectively. Sciatic 
nerve injury did not seem to influence growth into grafts of 
axons arising from contralateral lumbar DRG or cervical DRG. 
Finally, injuries to peripheral and spinal axons were staggered 
in time by grafting a segment of one sciatic nerve ta the spinal 
cord and cutting the other sciatic nerve | or 4 weeks earlier or. 
later (Fig. 2b). Sciatic nerve injury was comparably effective in . 
inducing central regeneration when it preceded rather than 
coincided with grafting. However, after a delay of as little as 1 
week, cutting the second sciatic nerve resulted in significantly 
less regeneration from the corresponding dorsal column. It 
appeared that a propensity for regeneration persisted in sensory 
neurones for at least | month after sciatic nerve transection but 
that the environment near the junction between spinal cord an 
nerve segment became less conducive to axon outgrowth wit 
| week of grafting. i E E 
After injury at high cervical level, spinal axons of neuror 
with cell bodies in L4 and LS ganglia regenerated in abu ndan 
only if the ipsilateral sciatic nerve was also cut. The virtual 
absence of regeneration in basal conditions indicates that normal: 
cellular function in these nerve cells does not usually support 
regeneration of their spinal axons injured at a distance from 
their somata. The enhancement of regeneration by a stimulus © 
remote from the site of axon growth suggests that critical cellular 
responses affecting the entire neurone have been induced. Under 
other circumstances, events in these perikarya are of question- 
able significance during axon regeneration: for example, axons 
in crushed dorsal roots regrow towards the spinal cord with no 
obvious chromatolysis or change in axoplasmic transport ™'?, 
The neuronal reactions®'*'* that promote regeneration of spinal 
axons, and the retrograde signals'*~'’ that trigger these cellular 
responses are unknown. | Ei 
Priming of peripheral nerve regeneration by a preceding crush. 
injury’? differs from the enhancement seen here in that con-. 
ditioning and testing lesions are separated temporally rather 
than spatially. A ‘pruning’ effect that has been described afte: 
a single lesion to branching axons of invertebrates anc 


2) involves proliferation of uninjured: fibres 
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Fig. 1 a, Diagram showing experimental procedure. Experiments 
were performed on female rats weighing ~ 150 g and anaesthetized 
with pentobarbital. Under an operating microscope, the second 
cervical lamina was removed and a symmetrical transverse incision 
approximately | mm deep was made in the dorsal columns. One 
end of a 2-cm segment of the right sciatic nerve was apposed to 
the injured spinal cord in the midline with a stitch through the 
meninges. The left sciatic nerve was unin jured. Two to three months 
after grafting, the other end of each graft was exposed sub- 
cutaneously in the suboccipital region and injected with a total of 
1 pl 20% HRP through a glass micropipette. Two days later the 
rats were perfused with buffered 3% glutaraldehyde and serial 
sections, 20pm thick, were cut ‘through the L4 and L53 DRG, 
“reacted with tetramethylbenzidine”’? and counterstained with 
_ neutral red. b, Representative HRP-containing neurones in an L4 
“DRG on the right side. e, Labelled neurones were counted in the. 
-L4and L5 DRG of 11 rats, To avoid double counting, only neurones 
‘visible nucleoli were counted. The error due to split nucleoli 
s ignored. The difference between numbers of labelled neurones 
n DRG on the left and right was highly significant (P < 0.00 1} to 
Seither Mann-Whitney or Student's t statistical testing. Bars rep- 
resent mean sums of labelled neurones in L4 and L5 DRG. 


ypposed to regeneration of cut axons. Possibly, all three 

phenomena reflect similar molecular events. Other transgang- 
lionic effects of peripheral axotomy on central axons of mam- 
malian sensory neurones include changes in fibre diameter, 
conduction velocity, fast axoplasmic transport and content of 
peptides and enzymes'*’?~**, Reasons for the difference between 
e effects of peripheral nerve crush and transection on the 


function of sensory neurones””**”** are unclear. 


_ Without peripheral axotomy, spinal axons of primary sensory 
neurones regenerate into peripheral nerve grafts no better than, 
for example, rubrospinal or spinocerebellar axons’. Very few 
ns from dorsal or lateral spinal tracts grow into peripheral 
segments after injury more than a few centimetres from 
bodies. When sensory neurones. are stimulated by 
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Fig. 2 a, Sums of labelled neurones in the L4 and LS DRG 
recorded for left and right sides in five groups of rats. Nil, no 
operation on leg; sham, sciatic nerve exposed but not cut; cut, 
sciatic nerve cut at the origin of the nerve to the biceps; crush, _ 
sciatic nerve crushed for 15s with jeweller's forceps at the level 
of the nerve to the biceps. Means+s.em., n=6-I1. Asterisks 
indicate significantly fewer neurones than on the cut side: 
** POOL, *** P<0.001 (Mann-Whitney U-test). b, In four 
groups of rats (n = 6-9), the left sciatic nerve was cut I or 4 weeks 
before or after grafting of a segment of the right sciatic nerve to 
the dorsal spinal cord at high cervical level. For each point, the 
sum of labelled neurones on the left is expressed as a percentage 
of the sum on the right for the entire group. ** Significant difference — 
between the two sides (P <0.01, Mann-Whitney U-test). 


peripheral nerve transection, their spinal axons regenerate | i 
more vigorously than without a second injury. The hypothesis 
that neurones lying entirely within the central nervous system 


to 


might be extrinsically induced in a similar manner is exciti 


contemplate but difficult to test. 
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retinopathy of prematurity 
through action on spindle cells 
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In the premature infant, exposure of the incompletely vascularized 

retina to increased oxygen tension can result in the development 

of a blinding disease, retinopathy of prematurity (ROP). Despite 
_ the judicious curtailment of oxygen, the incidence of ROP is on 
the increase due to the technological advances that have improved 
the survival of the very young preterm infant’. Six clinical trials?” 
Piave documented the efficacy of vitamin E supplementation in 
Suppressing the development of severe ROP*~'®, but the mechanism 
of this protection has remained unknown. This report proposes 
that spindle cells, mesenchymal precursors of the inner retinal 
capillaries, are the primary inducers of the neovascularization 
associated with ROP. Exposure of spindle cells to elevated oxygen 
tension increases their gap junction area. This early morphologic 
event immediately halts the normal vasoformative process and 
eventually triggers the neovascularization that is observed clini- 
cally 8-12 weeks later. Vitamin E supplementation above the 
deficient plasma levels of these infants'' suppresses gap junction 
formation and clinically reduces the severity without altering the 
total incidence of ROP. 

The database is 69 pairs of whole-eye donations from infants 
who were live-born, anomaly-free at 20 to 31 weeks gestational 
age and <1500 g birth weight, and who survived from 30 min 
to 20 weeks. Twenty-two infants received minimal or no vitamin 
E supplementation (control infants) with mean plasma vitamin 
E levels of 0.3-0.6 mg% ; 47 infants received vitamin E supple- 


~ gnentation (treatment infants) with mean plasma vitamin E levels 


“Di--¥.2-3.3 mg%, which are within the adult physiologic 
range’, All whole eye donations contained avascular regions 
in all quadrants of the retina and were processed for light'*, 
transmission'*, and scanning electron microscopy. Light micro- 
graphs of continuous areas from the optic disk to the ora serrata 
of both the nasal and temporal hemispheres were assembled 
into montages. Along these montages, the following parameters 
were determined morphometrically: percentage of vessels with 
necrotic endothelial cells, percentage of spindle cells in a migrat- 
ing or canalizing configuration, and percentage volume of the 
nerve fibre layer occupied by spindle cells'*. Gap junction sur- 
face area between adjacent spindle cells was calculated from 
40,000X electron micrographs using a Zeiss Videoplan and 
expressed as the percentage of the spindle plasma membrane 
surface area that was differentiated into gap junctions. All P 
values were calculated from a paired Student's t-test. All data 
are given for only the temporal hemisphere. 

The morphometric analyses allow the role of the spindle cells 
in retinal vasoformation to be elucidated. As retinal development 
(Fig. la) and stratification (Fig. 1b) proceed peripherally from 
the optic disk, an apron of interdigitating spindle cells emerges 
ee the adventitia of the hyaloid artery and migrates behind 
a advancing point of retinal development (Fig. Ic). The 
fusiform spindle cells within the migrating apron (Fig. 2a) are 
randomly oriented within the plane of the nerve fibre layer ( Fig. 
2b). Central to the fringe of the migrating arpon, nascent retinal 
blood vessels are formed by canalization of spindle cells (Fig. 
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Fig. 1 Light micrographs (x240) demonstrating the relationship 
between the state of retinal development and the invasion of spindle 
cells into the nerve fibre layer. a, Undifferentiated midperipheral 
retina with primitive outer neuroblastic layer (NL) and no spindle 
cells within the nerve fibre layer (NFL) which is laced with cystoid 
spaces ( > ). b, Differentiated central retina in which the nerve fibre 
layer (NFL) contains developing capillaries ( ©). c, Apron of 
spindle cells (=$) within the nerve fibre layer (NFL). The migration 
ceases at a distinct point (—) of retinal development. Inner nuclear 
layer (INL), vitreous (V). 


2c). The canalization process involves formation of a lumen 
within a solid cord of spindle cells. Eventually erythrocytes from 
the formed capillaries penetrate the lumen (Fig. 2d). This entire 
sequence of migration, canalization, and endothelial differenti- 
ation normally occurs in the hypoxic ( Po, = 25 mmHg)"° in utero 
environment. 

The gap junction area of the spindle cells (Fig. 3) is modulated 
by oxygen tension, vitamin E supplementation, and gestational 
age. For the first four days post partum (14 control and 13 
treatment infants), the the average gap junction area remains 
low (4.6+2.1, range <1-12.1) (Figs 3a, 4), with spindle cells 
occupying <16% of the nerve fibre layer volume. These spindle 
cells are in migrating and canalizing configurations. In the 
absence of vitamin E supplementation (8 control infants), there 
is a significant (P = 0.0005) increase in gap junction area (Fig. 
3b) as early as four days post partum (Fig. 4a). There is a 
cessation of canalization, and severe ROP develops in this group 
around 9 weeks post partum*’. Despite the increase in gap 
junction area, the spindle cells still occupy <13% of the nerve 
fibre layer volume until after the development of severe ROP. 
The down modulation of gap junction area (>70 days post 
partum) (Fig. 4a) is a late event that correlates with stacking 
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of the spindle cells such that they occupy 30-54% of the nerve 
fibre layer volume. Vitamin E supplementation suppresses gap 
junction formation, but this suppression is strongly dependent 
upon gestational age. In treatment infants <27 weeks (18 
infants) (Fig. 4b), there is a lag period of approximately 16 days 
post partum in which minimal increases in gap junctions occur. 
Following this lag, there is a rapid increase in gap junction area 
to a level equivalent ( P = 0.3) to that of unsupplemented infants. 
There is a parallel cessation of spindle cell canalization, but 
development of severe ROP in this group is delayed to around 
12 weeks post partum*’. In all treatment infants shown in Fig. 
4b, the spindle cells occupy <14% of the nerve fibre layer 
volume. In treatment infants =28 weeks gestational age (Fig. 
4c) (16 infants), gap junction formation is suppressed, canaliz- 
ation of spindle cells continues, spindle cells occupy a minimal 
volume of the nerve fibre layer (<13%), and no severe ROP 
develops. Thus, while continuous supplementation in infants 
>28 weeks gestational age suppresses gap junction formation 
and the development of severe ROP, supplementation in infants 
<27 weeks gestational age delays the onset of gap junction 
formation but does not diminish the severity of ROP in the 
highest risk infants. Vitamin E supplementation delays the down 
modulation of gap junction area and the clinical development 
of severe ROP (Fig. 4a, b). 

Based on these ultrastructural observations, the following 
mechanism of the induction and suppression of ROP is pro- 
posed. When the retinas of high risk premature infants are 
exposed to relative hyperoxia, the elevated oxygen tension 
induces the formation of gap junctions between adjacent spindle 
cells. The gap junctions are the first morphologic evidence of 
oxygen toxicity, and their formation results in the subclinical 
cessation of spindle cell migration and canalization. The ionic 
coupling of spindle cells via gap junction formation changes 
the cells from potential endothelial precursors to sites of syn- 
thesis and release of angiogenic factors. The angiogenic factors 
trigger neovascularization from existing vessels over the next 
8-12 weeks. Vitamin E supplementation to adult physiologic 
levels (1.1-3.3 mg% ) suppresses gap junction formation by pro- 
tecting the spindle cells from oxygen related damage, and thus 
reduces the severity of ROP. 

This proposed mechanism of ROP induction can explain four 
clinical realities regarding the development, suppression, and 
treatment of this disease: (1) The clinical observation that 
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Fig. 2 Migrating and canalizing 
spindle cells within the developing 
human retina. a, Light micrograph 
(x435) of migrating spindle cell 

(<<) forming an anatomy 


~~ 


apron within the nerve fibre layet 
(NFL). b, Scanning electron micro- 
graph (2,250) of the migrating, 
fusiform spindle cells which are 
randomly oriented within the plane 
of the NFL. Contrast those spindle 
cells lying in a plane parallel to the 
scanned surface (x) with those at 
right angles (@). Inner nuclear 
layer (INL), vitreous (V). c, Light 
micrograph (750) of canalizing 
spindle cells ( © ) posterior to the 
advancing apron in the NFL. d, 
Electron micrograph (3,750) of 
canalizing spindle cells with eryth- 
rocyte (E) penetration into the 
lumen and marginal flap formation 
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Fig. 3 Gap junctions between adjacent spindle cells. a, b Are 
electron micrographs (32,000) demonstrating the plasma mem- 
brane surface area changes. a, Punctate close plasma membrane 
appositions (<> ); such spindle cells are actively migrating and 
canalizing. b, Extensive close plasma membrane appositions ( © ); X 
such spindle cells have ceased migrating and canalizing and are 
primed to induce neovascularization from nascent capillaries. ¢, 
At higher magnification (110,000), the close plasma membrane 
appositions are resolved as gap junctions with substructure within 
the 20-30 A gap (+). 
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weeks gestational age, n= 16 (B). For ah group, , the average pe 

unction area in equivalent infants who survived for <4 days post 

partum (©, 14 infants: A, 9 infants; and 1, 4 infants) is plotted. 

The three infants with clinically. documented | severe ROP are 
presented by É, and Æ. The time when severe ROP develops for 
sh. group (arrows in a, b) is based on the results of clinical 
- studies which enrolled 418 high risk preterm infants”. 


tamin E supplementation is not efficacious unless initiated at 


birth?’ i is explained by the ultrastructural observation that gap 


inctions can increase as early as four days post partum; thus, 
jxidant protection is needed concomitantly with the increase 


xygen tension. (2) Although vitamin E supplementation 
resses gap junction increases in infants =28 weeks ges- 
tational age, it is not an absolute suppression; thus, the severe 


nding grades of ROP are suppressed’ while the total 


idence of all grades of ROP remains constant. (3) Severe 
OP may develop in infants <27 weeks gestational age despite 


ntinuous supplementation because vitamin E only transiently. 


esses increases in gap junctions in these infants. After a 
la period of approximately 2 weeks, gap junctions may increase 


a level commensurate with that of unsupplemented controls, 
his. lag correlates with the delayed onset of severe ROP in the: 
ghest risk infants*'®. (4) Ablation of only the avascular 


eripheral retina has been utilized empirically to induce 
_fegression of severe ROP before retinal detachment!?-!°. The 
_ proposed mechanism of ROP induction would predict the suc- 
$8 of this Datta ge since it involves the destruction of the 


“hypothalamus” 
phoinositide-specific phospholipase C (refs 9-11). Inositol phos- 


necrosis was Sbserved in any of the 69 ‘pairs of whole’ e 
donations in this study. Only the- spindle. cell concept explaii 
the natural history of ROP and the. estational age dependen 
of the efficacy of vitamin E supplementation i in PSuppressing. the 
development of severe ROP. Furth more | 
intervention that destroys the pi 
developmental retinopathy. - 
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Correlation between inositol 
phospholipid hydrolysis 

and substance P receptors in rat CNS 
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The undecapeptide substance P is a neurotransmitter candidate i in - 
the mammalian central and peripheral nervous system’. Although 
the distribution of substance P-like immunoreactivity within the 
central nervous system (CNS) is well established’, the recent 
identification and autoradiographic localization of specific sub- 
stance P-binding sites has revealed numerous areas of mismatch 
between peptide levels and numbers of such sites**. Previous 
studies have shown that substance P stimulates the hydrolysis of 
inositol phospholipids | in peripheral tissues and in the 
; probably through stimulation of a polyphos- 


pholipid hydrolysis has been implicated in the mobilization of 
cytosolic calcium following receptor activation in several r 
neurotransmitter and hormonal systems'*. We have therefore Ne 
investigated the distribution of *H-labelled substance P binding 
sites within various rat brain regions and correlated this with the. 
rate of substance P-induced hydrolysis of inositol phospholipids. 
in the same areas of the CNS. We found that the rate of inositol 
phospholipid hydrolysis was proportional to the number of binding. 
sites specific for *H-substance P, suggesting that binding sites 
revealed by *H-substance P autoradiography correspond to fun 


tional substance P receptors. 
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The distribution of specific “H-substance P-binding sites ized glass slides and stored in boxes with desiccant for 48 h at 





throughout the rat brain was initially determined. Adult male -20 °C. The sections were then preincubated at room tem- 
Sprague-Dawley rats were killed, their brains removed, frozen perature for 10 min in a solution containing 0.005% polyethyl- 
on dry-ice and 20-4m sections cut using a cryostat in either the eneimine in 50 mM Tris-HCl, pH 7.40, followed by incubation 
horizontal or the coronal plane. They were apposed onto gelatin- in the presence of *H-substance P. Nonspecific binding w 





Fig. 1 *H-substance P-receptor distribution in the rat brain. a, A typical darkfield photomicrograph of *H-substance P binding in a horizontal "4 
brain section. The light areas are silver grain concentrations indicative of specific binding. b, A darkfield photomicrograph of an adjacent 
control section treated identically to a, except that | pM substance P (Peninsula) was added to the incubation solution. Note the heavy 
labelling in several areas, such as the external plexiform layer of the olfactory bulb (OB), the striatum (S), the septum (St), the central grey 
(CG) of the midbrain and folia IX and X of the cerebellum (Cb, arrowhead), moderate labelling in the cortex (C) and hippocampus (H) and 
absence of label in the thalamus (T). Scale bar, 2.5 mm. 

Methods: Horizontal 20-uąm sections were preincubated at room temperature for 10 min in a solution of 50 mM Tris-HCI (pH 7.4) containing 
0.005% polyethyleneimine (Sigma). The slides were then incubated for 10 min in a solution of 50 mM Tris-HCl (pH 7.4) containing 0.02% 
bovine serum albumin (Sigma, radioimmunoassay grade), chymostatin (2 mg | '; Sigma), leupeptin (4 mgI~’; Sigma), bacitracin (40 mg HA 
Sigma) and increasing concentrations of (2-L-prolyl-3,4-H( N )] substance P (specific activity 26 Ci mmol`', NEN). Nonspecific binding was 
defined as binding in the presence of | aM substance P (Peninsula) and specific binding obtained by subtracting the nonspecific binding from 
the total binding. In these incubation conditions >95% of ‘H-substance P eluted at the position of intact substance P on reverse-phase HPLC 
and the specific binding reached a plateau after about 8 min. The slides were rinsed with four washes of ice-cold 50 mM Tris-HCl (pH 7.4), 
5s each, and four washes of water, 5s each, dried in a stream of cold air and stored overnight in desiccant. The slides were then placed in 
apposition to a tritium-sensitive film (7H-Ultrofilm, LKB). After 12 weeks the film was developed using Kodak D-19 developer and photographed 
under darkfield illumination. To estimate the relative density of specific ‘H-substance P-binding sites we used microdensitometry combined 
with the tritium-sensitive film, as described previously'*. The exposed film was placed on the stage of a Leitz orthoplan microscope équipped 
with a Vario-Orthomat camera system. Direct reading of the voltage from the photosensitive cell served as a density reading. Calibration 
experiments were used to determine in which region the density was linearly dependent on the isotope concentration and the measurements 
were performed in that region. The densitometer was able to resolve density differences of the orderof 0.02 A units and readings were taken 

from an area of 200 um diameter. Background labelling was defined as the *H-substance P binding in the presence of | pM substance P. 





Fig. 2 The density of substance P receptors plotted against the magnitude of 2 220 pens 
substance P-induced inositol phospholipid hydrolysis in various regions of the rat £ hypothalamus 
brain. The density of substance P receptors was determined using autoradiography 5 ae f 
coupled to a tritium-sensitive film and analysed using microdensitometry, as “ 200 P 
described for Fig. 1. All readings were taken from sections incubated in and exposed 2 i 

to the same conditions. To quantify the relative density of receptors, we designated = 

the highest area measured (the hypothalamus) as 1.0 and ranked the others accord- oil olfactory striatum 
ingly. The mean +s.e.m. of at least four determinations throughout the area under d substantia — tubercle ` 
examination was taken. 2 160 de id a y COPES S 

Methods: The substance P-induced hydrolysis of inositol phospholipids in various = Les ea +4 ne 
regions of the rat central nervous system was determined according to Berridge et 2 \ = 

al.'*, Sprague-Dawley rats (150-200 g) were killed, the brain removed, blocked and = 140 \ os Afrontal cortex 

placed into an oxygenated solution of artificial cerebrospinal fluid (CSF, composition Ai + | -¢- locus coeruleus/ 

in mM: NaCl, 124; KCl, 2; KH,PO,, 1.25; MgSO,, 2; CaCl,, 2; NaHCO;,25and 5 20 promoo parabrachial/ 

glucose, 11). Sections (300 um) were cut using a vibratome (Oxford Instruments ) F y arden tegmental region 

and the appropriate brain area dissected out using microscissors; one side was used g naar iah 

for stimulation with substance P and the contralateral side served as the control. = 


Sections were placed in CSF solution for 2 h at 37 °C and then transferred to 500 pl 02 0-4 06 08 +0 
of prewarmed oxygenated CSF to which | pCi myo-[2-*H inositol (specific activity 
10-20 Ci mmol™') (Amersham) and 12 mM LiCl had been added. One hour later 
| uM substance P (Peninsula) was added and the tubes were incubated for another 30 min. The incubation was terminated by addition of 

500 yl trichloroacetic acid and the tubes were left for 15 min on ice. Following a 15-min centrifugation at 2,000g, 700 ul of the supernatant 

was removed. The latter was then washed three times with 4 ml of ether, with the ether phase being discarded after each wash, and 700 ul of 

20 mM Tris-HCI containing 5mM EDTA was added to each tube. Tritiated inositol |-phosphate was separated from other water-soluble N 
metabolites by application of the sample to columns containing | ml of Dowex 1-X8 (Sigma) in the formate form. The columns were washed- 
twice with 8 ml of 60mM ammonium formate/5 mM disodium tetraborate and 3H-inositol 1-phosphate was eluted with 8 ml of 200 mM 
ammonium formate/100 mM formic acid and the radioactivity determined by liquid scintillation spectrometry, The levels of *H-inositol4y ~ 
l-phosphate are expressed as per cent of controls (taken as 100). In a typical experiment on the hypothalamus the control value w 
1,844+ 127 d.p.m. *H-inositol 1-phosphate pér tissue slice (n = 6). The results are expressed as the means +s.e.m. of triplicate determinations 

from four separate experiments. 


Density of *H- substance P-binding sites 

























the of L aM substance P. Preliminary « experi- 
had shown that; in the absence of polyethyleneimine, 
f of the 3H-substance P binding was to the glass around 
ji tasue rather than to the tissue itself, while specific binding 
sroducibly amounted to 60% of the total binding in the 
e of ,Polyethyleneimine. Following incubation in the 
nce of °H-substance P, tissue sections were apposed to a 
um-sensitive film. 
Previous experiments'* had shown that *H-substance P bound 
toa single class of binding sites with an equilibrium dissociation 
constant of 1.1nM and a maximum number of binding sites of 
-IS fmol per mg tissue. The fragment potencies agreed well with 
results from studies on the CNS which had used tissue homoge- 
-< mate binding assays for substance P*°. 
: The correlation between the autoradiographic distribution of 
a specific ? H-substance P-binding sites (Fig. 1) and a biochemical 
response linked to substance P-receptor occupancy was investi- 
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The major histocompatibility complex (MHC) is a cluster of 
ightly linked genes whose products are of central importance in 
functioning of the immune system. Class I and II MHC 
antigens are integral membrane proteins which regulate cell- 
u aa interactions between T cells and their targets x while 















‘among species (for ı review, see ref. 5), We aka reported® 
oo in murine cells of a fourth class of ea 







nt eh ) antiserum funo recipi airi a set ‘of 16 spat cra 
o molecular weight polypeptides (LMP) from BALB/c spleen 
lls and from the WEHI-3 cell line. The production of these 
ides is coordinately regulated (by immune interferon) with the 
-production of the class I and II MHC antigens 78, suggesting that 
they too are functionally relevant to the immune system. We 
_ demonstrate here that these 16 polypeptides are associated with 
one another in vivo as a very large (580,000-molecular weight, 
__M,) noncovalent complex. The unusual nature of this complex has 
lowed the non-immunochemical identification of similar com- 
lexes from (serologically negative) H-2° murine cells and from 
| human cell line. Thus, LMP antigens display two properties in 
common with other MHC antigens: they are both polymorphic 
and genetically conserved across species. 
o determine whether our antiserum recognizes 16 different 
ns or whether some a the LMP are associated with one 






































gated by incubating vibratome sections from various brait 
regions in the presence of | pM substance P and measuring the 
rate of inositol phospholipid hydrolysis. When the magnitude 
of substance P-stimulated inositol phospholipid hydrolysis wa 
plotted against the mean number of specific substance P-binding 
sites in various brain regions, an excellent correlation was 
obtained (correlation coefficient 0.96, as judged by regression 
analysis; Fig. 2). 

The present results therefore indicate that, while the distribu- 





tion of substance P receptors in the CNS does not correlate with 


the distribution of substance P-like immunoreactivity’, the 
increase in inositol phospholipid hydrolysis effected by sub- P 
stance P is directly proportional to the number of specific 
*H-substance P- binding sites present in various brain regions. 
Given the interest in substance P agonists and antagonists, this 
measure of inositol phospholipid hydrolysis should provide a 
reliable biochemical assay for substance P receptors in the CNS. 
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the original sample (Gata not P and pesmih any other 
nonspecifically aggregated material. More importantly, the LMP 
peak is bounded on both sides by molecular weight markers. 

The results of gel filtration using gels of different exclusion limits 
and with different buffers (Table 1) were always consistent with 
the data shown in Fig. 1. This experiment therefore strongly 
suggests that all 16 LMP polypeptides are specifically associated 
with one another in vivo in the form of a high-molecular weight 
complex. 

Figure 2b, c compares the peak LMP fraction from the gel 
filtration column with an LMP immunoprecipitate, and shows 
that nearly all of the peptides found on the portion of the gel 
shown (M, = 12,000-35,000) in Fig. 2c are LMP chains. Note, 
however, that there is a large amount of labelled material in the 
higher molecular weight portion (M,> 50,000; not shown) of 
the gelin Fig. 2c which does not appear in LMP immunoprecipi- 
tates and is therefore not part of the LMP complex. In fact, the 
purity of the peak chromatography fraction can be roughly 
estimated by comparing the total number of *°Sc.p.m. in the — 
fraction with the number of c.p.m. in the LMP chains (deter- 
mined by immunoprecipitation). By this criterion, the LMP 
comprise only approximately 1-2% of the total material in the 
fraction. | 

Thus, a single step of gel filtration yields a sample of LMP 
which is sufficiently pure to be visualized cleanly by two- 
dimensional polyacrylamide gel electrophoresis (PAGE) 
without prior immunoprecipitation. We have also used this 
technique to analyse the remaining column fractions in Fig. 1 
(data not shown), No LMP chains are detectable in any of the 
fractions except that corresponding to the LMP peak shown, 
indicating that the individual LMP chains do not exist in an 
uncomplexed form. In addition, for all of the fractions in which 
LMP chains are detectable, the relative intensity of the individual 
chains seems to be constant. These experiments therefore suggest 
E AN E CSE CELT eRe NEEN AAN N 

Table 1 Gel filtration of LMP complexes in various conditions 





Sephacryl S200 TBS +0.5% NP40 >250,000* 
Sephacryl] $200 DPBS =>250,000* 
Sephacryl $200 DPBS +0.5 M NaC! >250,000* 
Sepharose CL-6B DPBS = 580,000 
Sepharose CL-6B DPBS +0.5 M NaCl == 580,000 


TBS, Tris-buffered saline; DPBS, Dulbecco's phosphate-buffered T 
saline (Gibco): NP40, Nonidet P-40. be 


* All LMP activity was present in the column void volume peak. 
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Fig. 1 Immunoprecipitation of LMP antigens from size-fraction- 
ated WEHI-3 extracts. Cells were grown and labelled with *°S- 
methionine as described previously®. Before labelling, cells were 
grown for 2-4 days in the presence of concanavalin A-activated 
spleen cell supernatants to induce maximal LMP expression {see 
ref. 8). For gel filtration experiments, the washed labelled cells 
were resuspended in Dulbecco’s phosphate-buffered saline (Gibco) 
containing 0.1% sodium azide (DPBS) and lysed by five cycles of 
freeze/thaw. Membranes and insoluble cellular debris were 
pelleted by centrifugation, and the clear supernatants were stored 
at ~70°C until use. A 0.5 x 30cm Sepharose CL-6B column cali- 
brated with molecular weight standards (Pharmacia) was used. 
Arrows designate the elution volume of molecular weight markers: 
Va void volume; 669,000 (669K), thyroglobulin; 440K, ferritin, 
232K, catalase; 158K, aldolase. Samples (0.5 ml) were runin DPBS 
or DPBS containing 0.5 M NaCl, and l-mili fractions were collected. 
Immunoprecipitations were performed on column fractions as 
described previously“, except that 500 pl of sample and 50 pl of 
antiserum were used. For samples to be analysed without 
immunoprecipitation, 10 wl of sample were mixed with 10 mg of 
urea and 10 pl of isoelectric focusing sample buffer; 20 yl of this 
mixture were loaded onto the gel. Two-dimensional PAGE was 
performed as described previously®. The amount of LMP antigens 
was measured by densitometry of the resulting autoradiographs, 
and is reported in arbitrary units. 


the existence of a single LMP complex with a fixed 
stoichiometric ratio of subunits, rather than several types of 
complexes containing different ratios of the individual subunits 
and differing slightly in molecular size. However, it is formally 
possible that, in addition to the protein subunits already iden- 
tified, non-°°S-methionine-labelled material (carbohydrates or 
peptidoglycans) are present in the LMP complex. In this respect, 
it may be significant that western blotting experiments have 
failed to reveal any such components (unpublished observa- 
tions), indicating that if they do exist, they are probably not 
antigenic. When considered with the protein polymorphism data 
presented below, which indicate that only one of the LMP chains 
is polymorphic (and thus potentially antigenic) in the strain 
combinations used, these results argue strongly for a single 
complex containing all the LMP chains. 

The antiserum we originally used to identify the LMP antigens 
was BALB.B (H-2°) anti-BALB/c (H-2°), which detects LMP 
antigens in the a, d, f, ja, k, s, u, v and z haplotypes. However, 
antisera made in the d, k or s haplotypes against the H-2? 
haplotype fail to precipitate LMP-like polypeptides from 
H-2” haplotype spleen cells or cell lines (J.J.M. & H.O.M., 
unpublished observations). In considering the possible function 
of the LMP antigens, it is important to decide between two 
possible explanations for this observation: (1) no LMP antigens 
are made in b haplotype mice or (2) although b haplotype mice 
synthesize LMP polypeptides, these are not immunogenic in d, 
k or s haplotype mice. 

We can choose between these alternatives by using a non- 
immunochemical method of visualizing LMP antigens. Figure 
d shows the 2°S-labelled extract from the (H-2°) IC21 cell 
line’ manipulated in a manner identical to the WEHI-3 extract 

1 in Fig. 2c. At least 13 of the 16 LMP chains found in 


Fig. 2 Two-dimensional PAGE analysis of LMP antigens from. 

unfractionated WEHI-3 extract (a), anti-H-2° immunoprecipitat 

of WEHI-3 extract (b), peak LMP fraction (fraction l4, 

immunoprecipitated) from Sepharose CL-6B column of WEHI-3 

(c) and fraction 14 from the same column, but using IC21 extract 

instead of WEHI-3 (d). LMP chains are numbered in the schematic 

diagram (e) of the H-2“ haplotype pattern. la antigen a, 8 and 

invariant (1,) chains are present in the immunoprecipitate (b). 

not in the column fractions. The circle in d denotes the posit 

of LMP chain 2, which seems to be absent from the b haplotype 

the heavy arrow indicates its putative allelic form. Peptides denote 

by the light arrows in d are probably not LMP chains, as they 

also present in H-2* haplotype column fractions (see Fig, 3a 

but are not co-precipitated with the LMP complex from those cells 
{not shown). res 


(H-2") WEHI-3 cells are also found in the IC21 cell line. LMP 
chains 4 and 16 are probably too weak to be seen in the IC2 
gel (note that LMP chain 16 is also too weak to be seen in the 
immunoprecipitate shown in Fig. 2b). Thus, only one of 1 
LMP chains found in WEHI-3 is clearly missing from the 
gel (LMP 2), and IC21 contains an extra chain which is 
present in WEHI-3 (heavy arrow in Fig. 2d). Although defini 
identification of the extra chain in the IC21 gel as part o 
LMP complex will require either immunoprecipitation of 
complex or peptide mapping/sequencing, this e je 
strongly suggests that mice of the H-2° haplotype pro 
LMP complex similar to that in mice of other H- 
types. = 
The above results are also consistent with the concl 
the LMP are associated into a large complex; 





Fig. 3 Two-dimensional PAGE comparison of peak LMP column 

.~ fractions (not immunoprecipitated) from the murine H—2* cell 

-line UNC2 (a) and the human cell line, U937 (b). Chains which 
migrate to identical positions are denoted by arrows. 


difference in only one of the peptides between the H-2° and 
H-2° haplotypes is sufficient to allow the production of an 
antibody which precipitates all 16. 
-As the gene products of the MHC have been highly conserved 
oughout evolution’, one might expect that complexes similar 
hat described here would also be present in other species. 
‘biochemical purification procedure described above might 
refore allow the identification of such complexes in the 
absence of a specific precipitating antibody. Figure 3 shows a 
two-dimensional PAGE comparison of the peak LMP fraction 
from a murine cell line (UNC2, H-2")'® and the corresponding 
action from the extract of a human cell line (U937)!'. Although 
€ patterns are not identical, the total number of chains present 
his portion of the gel is similar, and at least six of the peptides 
m the human cell line migrate to exactly the same position 
“the corresponding murine LMP (arrows). It therefore seems 
‘ely that human cells do indeed contain a complex similar to 
e murine LMP complex. Definitive identification of these 
peptides as homologues of the murine LMP, and their genetic 
ipping, will, however, require further investigation. 
hus, both murine and human cells contain a large molecular 
plex composed of approximately 16 different polypeptide 
ins, all of which have a molecular weight of between 15,000 
nd 30,000. The unusual nature of this complex is highlighted 
“by the fact that (non-immunoprecipitated) size-fractionated 
extracts can be made which, when electrophoresed in denaturing 
DS gels, are seen to contain only LMP chains in the low- 
ular weight portion of the gel. Thus, few or no other 
ecular species of similar size ( M, 500,000-650,000) contain 
y peptides of 15,000-30,000 M., whereas the LMP complex 
composed entirely of subunits in this size range. (Although 
>have presented evidence elsewhere® that the multiple LMP 
ains are not simply proteolytic breakdown products of one or 
‘more larger molecule(s), we are currently attempting to verify 
is by characterizing the size of the messenger RNAs encoding 
the individual LMP chains.) In addition, excluding the ribosome 


a (which has a molecular weight of 4-5 x 10° and may contain up 
_ to80 different proteins'*), we are unaware of any other biological 
_ macromolecule composed of so many different polypeptide 


chains. Thus, the LMP complex represents a unique 
macromolecular structure. That this unique structure is 
pparently conserved among species suggests that it is required 
r the proper functioning of the LMP complex. Experiments 
ned at gaining insight into the nature of this function are 
derway. 
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Interferon preparations, especially those containing y-interferon 
(IFN-y), have long been known to modulate immune responses’, _ 
However, because many studies used only partially purified inter- 
ferons, it has been difficult to separate the immunoregulatory 
effects of the interferons from those of other biologically active 
molecules contaminating the preparations. Recently, with the clon- 
ing of the interferon genes in mouse and man, it has become 
possible to use these cloned interferons directly to test their effects 
in assays other than those involving the protection of cells from 
viruses. For example, cloned IFN-y has been shown to be a potent 
inducer of Ia antigen expression on macrophages*”. Similarly, 
cloned IFN-y has been reported to act as a macrophage activation 
factors, as judged by the ability of activated macrophages to kill | 
tumour cells in vitro’. We demonstrate here that cloned murine 
IFN-y can also substitute for a late-acting helper factor which acts 
synergistically with other helper factors in the stimulation of B-cell | 
antibody responses in vitro. 

We have previously described’ a murine T-cell hybridoma, 
FS7-20, which on stimulation with concanavalin A (Con A) | 
produced at least five lymphokine activities: IFN- y, macrophage 
activation factor (MAF), Ia-inducing factor (lalF), a B-cell- 
helper factor which we termed interleukin-X (IL-X), and inter- . 
leukin-2 (IL-2). In studying a large panel of clones and subclones _ 
of FS7-20, we observed a random segregation of the ability to 
produce IL-2 from the ability to produce the other four lym- 
phokine activities. On the other hand, IFN-y MAF, lalF and 
IL-X production were all tightly linked among these clones and 
subclones. We suggested that these four activities were probably 
due to the same molecular species, but we could not definitely 
rule out other possible explanations for the linkage or that some 
other common genetic control of production existed which 
varied among the clones and subclones of FS7-20. It had been 
suggested, and was later confirmed using cloned IFN-y, that 
IFN-y might act as laIF and MAF***, but an identity between 
IFN and IL-X was unexpected. Therefore, with the availability 
of cloned IFN-y, we were particularly interested in testing its 
activity as a B-cell helper factor. 

Our previous studies”'” had demonstrated that the optimal 
in vitro antibody responses of highly purified murine B cells to 
antigens such as sheep red blood cells (SRBC) required at least 
three different helper factors. The first was contained in prepar- 
ations from normal macrophages or from the macrophage 
tumour cell line P388D1. The activity in these preparations has 
been indistinguishable from interleukin-1 (IL-1). The second 
factor preparation was the concentrated Con A-stimulated 
supernatant of the murine T-cell hybridoma, FS6-14.13 (ref. 11). 
Thus far the only known essential activity in this preparation . 
has been IL-2 (refs 9, 10), although it remains possible that other 
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Fig. 1 IFN-y is a B-cell helper factor. Data shown here are the 
sum of the anti-SRBC PFC obtained in 12 identical microculture 
wells of B cells incubated with P388D1 and FS6-14.13 supernatant 
(SN) clones (-~-—) or with these supernatants and different num- 
bers of units of IFN-y contained in supernatants of the T-cell 
hybridoma FS6-20.6.18 (@) or derived from the cloned gene (©). 
Methods: Splenic B cells from (C57BL/6 x DBA/2)F, mice were 
purified by treatment in vive with rabbit anti-mouse thymocyte 
serum (Microbiological Associates), and in vitro passage over 
“Sephadex G-10 (Pharmacia) to remove macrophages, followed by 
treatm praia a cocktail of aoir e Pagto and rabbit ope 





- er l ee f a 50x concentrated supernatant from FS6-14.13 (con- 
taining 50 U pl IL-2) as a source of IL-2 and B-cell growth factor. 
20 pl of supernatants containing different concentrations of IFN-y 
were added at the optimal time, that is, after 24h of culture. 
bassin s were either dilutions of those induced by ConA 
of the e T-cel ai opra FS7- 20. 6. 18 (ref. 7), or dilutions 





its activity. The third TE helper factor, which we termed 
IL-X because it did not correspond to any well-defined known 
molecule, was originally found in the 30,000-50,000 molecular 
weight fraction of an IL-2-depleted, Con A-stimulated super- 
natant of normal spleen cells. Its activity was assayed by its 
ability to enhance the antibody response of B cells to SRBC in 
: cultures containing saturating amounts of IL-1 and IL-2 prepar- 
ations. It was this activity which we later found in the Con A- 
stimulated supernatant of FS7-20 and whose production corre- 
=. diated strongly with that of IFN-y. 
To test directly whether IFN-y could act as IL-X, we com- 
pared cloned IFN-y produced in Escherichia coli? with a 
standard preparation of Con A-stimulated supernatant from 
` FS7-20.6.18; a subclone of FS7-20 which produced high levels 
of IFN-y and IL-X, but barely detectable levels of IL-2. Murine 
B cells were cultured for 4 days with SRBC, saturating amounts 
of IL-1 and IL-2 preparations and various concentrations of 
either cloned IFN-y or the FS7-20.6.18 supernatant. Cultures 
_were then assayed for anti-SRBC plaque-forming cells (PFC ). 
- The results are shown in Fig. 1. As we have reported previously’, 
the combination of IL-1 and IL-2 stimulated a small anti- SRBC 
response from the B cells which was increased by addition of 
the FS7-20.6.18 supernatant (Fig. 1). The cloned IFN-y pro- 
iced a similar increase in the response (Fig. 1). For both 
par tions, the number of Reco of | IFN- a8 added „predicted 
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Fig. 2 IFN-y is a late-acting helper factor. Cultures of purified 
B cells were set up as described in Fig. 1 legend with optimal 
concentrations of P388D1 and FS6-14.13 supernatants. Ten unit 
of IFN-y from either FS7-20.6.18 supernatant or from the cloned: 
gene were added to the cultures on different days. After 4 days’ i 
total incubation the cultures were assayed for direct PFC against : 
SRBC. Results shown are the total anti-SRBC PFC found in 12 Ar 

identical microcultures. i 


maximum stimulation was achieved with approximately gae, 
unit of IFN-y per culture, 
One of the properties distinguishing IL-X from IL-1 and IL-2 
is that it can be added considerably later in the B-cell response 
Whereas, to be fully effective, IL-1 and IL-2 must be added a 
the initiation of the response, the addition of IL-X can be delay 
i or 2 days in a 4-day response”. To assess whether clon 
IFN-y behaved similarly, we again tested FS7-20.6.18 super 
natant and cloned IFN-y side by side in a kinetic experime! 
B-cell cultures received SRBC, IL-1 and IL-2 on day 0 of 
4-day culture. On day 0, | or 2 the cultures received FS7-20.6. 
supernatant containing 10 U of IFN-y or 10 U of cloned IF! 
Plaque responses were assayed on day 4. Stimulation of th: 
response was seen again with both interferon preparations and 
as predicted, both preparations were active even when thei 
addition was delayed 1-2 days, with day | being the optima 
time of addition (Fig. 2). These results agree with our previo 
results using this activity isolated from normal T cells a 
distinguish the IFN-y activity from that of IL-1 and IL-2.. 
Interferons have generally been reported as inhibitors 
immune responses due to their anti-proliferative effe 
However, there are several reports that interferon can be stimu 
tory, especially when added well into the proliferative phase oo 
the response. In these studies, as in our own previous reports, 
unpurified interferon was used. The possibility that an associated ae 
non-interferon activity was responsible for the immunos 
tion has always been a problem, especially when dealii : 
IFN-y, which is produced from T cells and is therefore alw ays 
contaminated with other lymphokine activities. In the p 
study, the use of IFN-y produced from a recombinant D 
clone suggested that IFN-y itself is stimulatory for B-cel 
body production. 
In measuring B-cell helper factors in vitro, one must 
consider the possibility that a particular factor ma! 
indirectly by stimulating non-B cells contaminating the. 
to produce additional activities. We have attempted te 
this difficulty by developing and thoroughly testing B- 
fication techniques””'', and therefore believe it is hig 
that the IFN-y activity in our experiments | is duet 
effect. on the.. Be nis 





































Itis possible that some contaminant in the IFN-y preparation 
fr £. coli, for example lipopolysaccharide (LPS), is respon- 
for the effects on B-cell responses described here. The 
IFN-y preparation we used is not mitogenic for B cells at 
concentrations containing 100 U mi~! IFN-+y. Because effects on 
our cultures were seen at about 10 U ml7' IFN-y and because 
“we have not seen similar effects with LPS at levels below 
lug mi™', we consider this possibility unlikely. Moreover, the 
activity of our two IFN-y-containing preparations (FS7-20.6.18 
and cloned IFN-y) is comparable in terms of units of IFN-y. 
_ It is therefore highly unlikely that our results can be accounted 
for in any way other than that IFN-y is responsible for the 
effects we measured. 

_ Many laboratories have described T-cell-derived helper fac- 
«¿tors which stimulate B-cell antibody production. Such factors, 

_which act late in the B-cell responses and do not seem to 

stimulate proliferation, have often been called T-cell replacing 
or (or TRF) (reviewed in refs 15, 16). These activities have 
usually been defined in in vitro responses of murine B cells and 
are generally thought of as factors which stimulate the secretion 
ofantibody from proliferating B cells. The question arises as to 
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Y o classes of molecules often released after the interaction of T 


rs: (BMF)'™ and immune (y) interferon (IFN-y)*”. BMFs 
ectly induce the maturation of resting B lymphocytes to the 
state of active immunoglobulin secretion'~, while IFN-y is defined - 
by the reduction of viral infectivity in vitro®°. However, interferons 

have been shown to have a variety of effects!’ and they have 
also been reported both to increase and decrease B-cell differenti- 
ation in intact animals and complex cellular mixtures in vitro’*25. 


























jodies block the effects on B cells of IFN-y, but not those of 
two lymphokines. IFN-y may be one of several molecules 
irect role in driving the maturation of resting B cells to 
immunoglobulin secretion. 

id others have recently begun to use inducible mono- 
ell li nes, including tumours, as assay systems for lym- 





4? as they overcome problems of interacting cell | 
inherent in the use of more complex assay systems. 














"whether IFN-y accounts for all T-cell-derived activities 





mphocytes, macrophages and antigen are B-cell maturation fac- (peak immunoglobulin secretion at days 2~3 of stimulation) and 






_ Cloned IFN-y is clearly an effective BMF as measured. 








sort or whether other lymphokines can also provide this sign 
to B cells. As activities of this type have been reported. 
supernatants containing no detectable IFN-y this is a distinc 
possibility. On the other hand, we have found that most of th 
late-acting TRF-like activity in the supernatants of mouse spleen 
cells stimulated with Con A, which presumably contain many 


if not all T-cell-derived lymphokines, has the properties of _ 


murine IFN-y, that is, it has an apparent molecular weight of 


40,000 on Sephadex gel filtration and is inactivated by incubation - 
at pH 2. These findings suggest that IFN-y is in fact a major 
component of TRF activities from normal lymphocytes. The i 
lymphokine(s) responsible for driving the later events of B-cell. ; 
maturation in vivo remains to be identified and will be the 


subject of future investigations. 


Finally, one of the well known effects of IFN-y which may 


be significant here is its inhibitory effects on cell proliferation. 


As IFN-y is late acting, and in its capacity as a TRF is thought s 
to stimulate differentiation of B cells to antibody secretion, this © 


may be yet another example of a substance which inhibits cell 
division and simultaneously stimulates differentiation'+. 


We thank Genentech, Inc. for the gift of y-interferon pro- : 


duced in E. coli. This work was supported by USPHS grants 
Al-17134 and HL-27353 and by American Cancer Society, Inc. 
research grant IM-319. 
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helper T-cell line $26.5 (kindly provided by Dr M. Schreier)! 
are able to induce terminal differentiation to active IgM secretion 
in the B-cell tumour line WEHI-279.1 and also in comparable. 
normal resting murine splenic B cells'’. A second source of 
such maturational | ymphokines is supernatant from res of - 
spleen cells from mice homozygous for an autosomal reces ve 
mutation known as viable motheaten ( me” ). Viable motheaten. 
homozygotes (me”/ me”) show polyclonal immunoglobulin pro- 
duction (mostly of the IgM class) and autoimmune disease, 
B-cell maturation in*response to these lymphokines does not 
require interactions with other cells, occurs in most of the B- 
cells present (under optimum culture conditions), is quite rapid. 











involves all of the pre- and post-translational alterations in IgM 
metabolism known to occur in the transition of normal resting 
B cells to immunoglobulin-secreting plasma cells'?. The result- 
ing immunoglobulin secretion has been measured by biosyn- 
thetic radiolabelling followed by immunoprecipitation, by 
enzyme-linked immunosorbent assays or, as done here, by a 
reverse plaque assay™ which reveals the number of immunog- 
lobulin-secreting cells in culture at the time of assay. To test 
directly the effects of IFN-y in these B-cell maturation assays, 
we have used IFN-y produced by CHO cells transfected** with 
a plasmid containing the cloned mouse IFN-y gene**. This 
IFN-y should be glycosylated and secreted similarly to that 
from normal T cells. 

Culture supernatants from $26.5 T cells, me” spleen cells and 
IFN-y were titrated individually into cultures of either resting 
spleen cells from normal mice or WEHI-279.1 tumour B cells. 
The numbers of (immunoglobulin-secreting) plaque-forming 
cells (PFC) were determined 3 days later by the polyclonal | 
reverse plaque assay”. As seen in Fig. 1, both normal (a) and. 
tumour (b) B cells responded similarly to all three supernatants 
with an approximately 10-fold increase in PFC per cultur 
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Fig. 1 Dose-response titrations of lymphokines from three 
sources. Antigen- -stimulated $26.5 helper T-cell supernatant (W) 
: (prepared as described'}, non- -stimulated me” spleen cell super- 
natant (A) (prepared by culturing me” spleen cells at 10’ per ml 
for 2 days) and supernatant from CHO cells transfected with 
plasmid containing the cloned murine IFN-y gene (@) were tested 
ona, Percoll gradient- -purified (that is, resting) C57BL/6J, DBA/2J 
or BALB/cBy spleen cells', or b, WEHI-279.1 (ref. 37) tumour B 
cells. Spleen. cells were cultured in Iscove’s modified Dulbecco's 
medium supplemented with albumin, transferrin and soybean 
lipids ((MDM-ATL)*, while WEHI-279.1 cells were cultured in 
RPMI 1640-based medium containing 10% fetal bovine serum plus 
other supplements’. Cells were cultured at 10° per 0.2 mi flat- 
bottomed microwell at 37°C in 5% CO,/air, and the number of 
immunoglobulin-secreting cells (PFC) were determined on day 3 
by the Protein A reverse plaque assay’. Percentages of the various 
supernatants, or amounts of IFN-y activity were added to the 
cultures as shown. (The IFN-y concentration in the undiluted 
CHO supernatant was 16,000 U ml” ', as tested in an inhibition of 
cytopathic effect assay using encephalomyocarditis virus as the 
challenge virus and murine L929 ceils. as targets’. Data shown 
represent the mean +s.e.m from two to four determinations each. 
Points x, y and z are referred to in Fig. 2 legend. 


direct assay system. Control supernatants derived from CHO 
cells not transfected with IFN-y-containing plasmids showed 
no PFC induction (data not shown). 

-When tested directly for inhibition of viral infectivity, 526.5 
oe supernatant showed substantial IFN activity (500 U mi~’), while 


me" supernatant did not show detectable IFN levels (<10 U 


ae ». Therefore, we next tested whether anti-IFN-y antibody 
: against partially-purified mitogen-induced 

mouse IFN- éould inhibit the B-cell responses stimulated 
by the three liferent lymphokine preparations (Fig. 2). This 
antibody has been shown previously to block efficiently the 
anti-viral action of purified, naturally produced IFN-y, but not 
to affect CSF, IL-1 and IL-2 (ref. 36). Varying amounts of IgG 
from the anti-IFN-y antiserum were added to cultures contain- 


wo 


ing WEHI-279.1 cells plus either barely stimulatory, almost 


S é 


1 naximally stimulatory, or supersaturating amounts of the three 


mphokine preparations | longa labelled X, y o z respectively 
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Fig. 2 Inhibition of lymphokine activities by rabbit anti-mouse 
IFN-y antibodies. The indicated amounts of anti-IFN-y IgG (cap-" 
able of neutralizing 16 units of IFN-y per pg) were added to the | 
stimulatory lymphokine dose 30 min before WEHI-279.1 cells were 
added to the cultures. Culture conditions and harvesting were as 
described in the legend to Fig. 1. Panels a, b and c show stimulated 
PFC (that is, PFC over background), while panels d, € and | 
represent the same data expressed as the percentage of the gespon 
to that lymphokine concentration but without anti-IFN-y 18G. ; 
d, Responses to $26.5 supernatant. b, e, Responses to me” super 
natant. c, J. Responses to [FN-y supernatant. The curves indicates 
by open symbols and dotted lines refer to the minimum lymphoki 
concentrations indicated by x in Fig. 1b;.the curves indicated? 
half-closed symbols and dashed lines refer to the near-maximal 
lymphokine concentrations indicated as y in Fig. 1b; and the curve: 
indicated by closed symbols and solid lines refer to the sup 
optimal lymphokine concentrations indicated as z in Fig. 18. 


these cultures, while Fig. 2d-f shows the responses as percen 
tages of the maximal response seen with that concentration. 
lymphokine but without anti-IFN-y antibody. All doses of IF 
y were completely inhibited by anti-IFN-y antibody. (Fig. 
and Í ), with properons amounts of anti-IFN- y beings wire 


amount of anti- IFN- -y antibody tested produced a 
inhibition of the PFC response to any dose of lymph 
me” mice (Fig. 2b and e). The responses to superna 
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4 Fig.3 Comparison of lymphokine titrations in the presence and 

nee of anti-IFN-+ antibody. The three lymphokine prepar- 

ns were titrated into cultures of WEHI-279.1 cells as indicated 

the legend to Fig. 1b. The solid symbols and lines indicate 

ultures with no anti-IFN-y antibody, while the open symbols and 

dotted lines indicate cultures where 2.4 ug of anti-IFN-y IgG (see 

Fig..2—enough to block even the highest IFN-y dose used here) 

` added to the lymphokines 30 min before the cells. a, $26.5 
“supernatant; b, me” supernatant; and c, IFN-y. 


3 10 30 


ufficient anti-IFN-y antibody to block a 10-fold superoptimal 

f IFN-y (Fig. 3). As shown in Fig. 3c, the presence of 

1ount of anti-IFN-+y antibody shifted the dose-response 
curve for IFN-y by about 100-fold, indicating that close to 100% 


he activity in this supernatant is due to IFN-y. The dose- 


esponse curve of the me” supernatant (Fig. 3b) was not affected 
by the anti-IFN-y antibody, suggesting that little (less than a 
r cent) of the activity of this supernatant is due to IFN-y. 
If of the direct B-cell maturational activity in $26.5 
nt appears to be due to IFN-y, as this dose-response 

shifted 2- to 3-fold by anti-IFN-y (Fig. 3a). 
iese experiments it can be concluded that IFN-y func- 
a direct B cell-maturing lymphokine, driving non- 
oglobulin-secreting normal and tumour B cells to active 
globulin secretion. In a representative experiment, 200 
nt-activated cell sorter (FACS)-purified normal resting 
B/cBy splenic B cells yielded 3+ 1 PFC per culture on day 


espectively. The 


| comparable behaviour of monoclonal tumour B cells, nor 


resting splenocytes and FACS-purified resting B cells sug 
that the induction of active immunoglobulin secretion: oc 
via the direct interaction of IFN-y and the target B cells, witł 
the required involvement of other cell types or signal 
effects of IFN-y produced by recombinant DNA technol 
indicate that the active molecule is indeed IFN-y, rather t 
another lymphokine which may also be found in natur 
produced IFN-y preparations. Previous studies have sugge: 
both stimulatory and inhibitory effects of interferons on 
function, but always in the context lating t 
another primary inductive signal (eithe gen orr 
complex cellular mixtures), o 000o 
other direct B cell-maturing lymphoki 1es exist which are distinct 
from IFN-y. These lymphokines may be related to IFN-y, but- 
do not show the anti-viral effects, nor the major antigenic deter- 
minant(s) seen by anti-IFN-y antibodies, nor identical bio- 
chemical properties to IFN-y. The non-IFN-y BMF from $26.5 
supernatant is less hydrophobic than IFN-y—fractions 80-104- 
of the phenyl-Sepharose hydrophobic column shown in Fig. 3 : 
of ref. 2 do not show anti-viral activity, and their BME activity © 
is not affected by anti-IFN-y antibodies, whereas fractions 105— 
130 do show anti-viral activity and their BMF activity is com- 
pletely blocked by anti-IFN--y antibodies (data not shown). The ` 
me” lymphokine: is both smaller on gel filtration (molecular 
weight 15,000 compared with 50,000) and more acidic (pl 4 
compared with 5.5) than IFN-y (unpublished results). IFN-y 
and the non-IFN-y BMF molecules from $26.5 and me” super- 
natants thus seem to be distinct and separable species. = 
Since IFN-y is active in inducing the terminal maturation 
process which is central to the humoral immune response, and 
also influences the expression of specific macromolecules and 
cellular activities in other cell types!™?5, it is not clear whether 
the anti-viral activity for which IFN-y was named represents 
its primary physiological function. In any case, the actual in 
vivo role of IFN-y in humoral immune response induction, and 
its structural and functional relationships to the -other 
molecule(s) with similar activity, will be important questions 
for future investigations. | 7 Poea 
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Platelet-derived growth factor’ * (PDGF) is known to be involved 
in regulating the mitosis of connective tissue cells, and recent 
studies have also shown that it may function in mediating cellular 
transformation". The oncogene carried by simian sarcoma virus, 
sis, is homologous to one chain of PDG F°*, and treatment of 
non-neoplastic cells with this growth factor results in increased 
- transcription of another oncogene, myc (ref. 9). PDGF also stimu- 
lates the synthesis of proteins that are characteristic of transformed 
cells’, However, phenotypic transformation does not appear to 
result from the action of PDGF alone. For example, expression 
< of myc does not transform cells in the absence of other oncogene 
_ expression''. We have recently shown that platelets contain another 
` peptide growth factor, transforming growth factor-B (TGF-B)y'**, 

in addition to PDGF. We report here that extracts of human 
platelets can induce anchorage-independent growth of non- 
neoplastic rat kidney (NRK) fibroblasts, but that purified PDGF 
alone does not elicit this effect. Rather, the transforming activity 
of the platelet extract is due to a concerted action of three distinct 
peptides: PDGF, TGF- and a newly identified analogue of epider- 
mal growth factor (EGF). 

NRK fibroblasts are non-neoplastic, contact-inhibited cells 
that are indicators of phenotypic transformation. With the 
appropriate stimulus, these cells undergo anchorage-indepen- 
dent growth as assayed by colony formation in medium contain- 
ing agar’*:'>. An acid—ethanol extract of human platelets induces 
phenotypic transformation of NRK fibroblasts (Fig. la). 
Homogeneous PDGF'® does not induce anchorage-independent 
-- growth of the cells even when used at concentrations 10-20-fold 
greater than that required for half-maximal stimulation of DNA 
synthesis (Fig. 1b). 

The results shown in Fig. 1 suggest that other components in 
the platelet extract, acting alone or in combination with PDGF, 

are responsible for the induction of phenotypic transformation. 
In fact, previous studies have shown that platelets contain a 
type-B transforming growth factor'*'*. Figure 2a shows the 
elution position of this peptide during gel-filtration on a column 
of Bio-Gel P-60. TGF-B can induce anchorage-independent 
growth of NRK cells, but expression of this biological activity 

` requires a synergistic interaction with EGF or a peptide resem- 
bling EGF (TGF-a)'*'7'®. We can detect a new EGF-like 
-peptide in human platelets by gel-filtration of the extract, adding 

| purified TGF-8'? to aliquots of the column fractions, and then 
assaying the samples for the ability to induce anchorage- 
independent growth (Fig. 2b). Column fractions 80-90 contain 
_EGF-like activity as determined by synergism with TGF-£ in 
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Fig. 1 Relative transforming activity of platelet extracts and 
PDGF. The acid-ethanol extract of human platelets was prepared 
and quantitated as described elsewhere'*. a, The ability of the 
extract (©) or homogeneous PDGF'® (@) to induce anchorage- 
independent growth of NRK fibroblasts as measured by the forma- 
tion of colonies (> 3,000 pm? per dish, ordinate) in soft agar. The 
concentrations of extract and PDGF (abscissa) are shown on - 
logarithmic scale. This assay was performed in medium containing 
calf serum (10%, Gibco)'?!. b, The ability of purified PDGF to. 
stimulate >H-thymidine incorporation into NRK fibroblasts (see 
ref, 12 for procedures). os 


as determined by gel-filtration (Fig. 2) and 24,000 as determin 
by preparative SDS-polyacrylamide gel electrophoresis '”. (Frac 
tions 84-88 were pooled, freeze-dried, and an aliquot of th 
residue was run on a 12.5% SDS gel. The gel was sliced, a 
eluted proteins? were assayed for the ability to induc 
anchorage-independent growth of NRK fibroblasts in the pr 
ence of TGF-8.) The EGF-like biological activity of this J 
peptide shows that it is not the binding protein for EGI 
Its stability to both acidic pH (see Fig. 2 legend) and SDS-g 
electrophoresis shows that it is distinct from the EGF-bin 
protein complex?'””. It was also possible that the ‘new’ pe 
was PDGF, because PDGF, acting through its own recepi 
can inhibit the binding of labelled EGF to the EGF recept 
The EGF-like peptide identified in Fig. 2 is not PDGF; this nes 
peptide competes with '7*I-labelled EGF in a radioreceptor 
assay using cells, line A431, that lack PDGF receptors”? 
(Fig. 2c). | ae. | 
Oka and Orth? have recently suggested that human platelets 
contain both pro- and authentic EGF (M, 33,000 and 6,000) as 
determined by reactivity in a human EGF immunoassay. The 
relationship between the larger peptide they detect and the _ 
EGF-like activity we detect using receptor binding competition _ 
(see Fig. 2) is not clear, but specific chemical modifi ation _ 
studies indicate that the new growth factor described in. ig. 2 
is intrinsically distinct from EGF (Fig. 3). Treatment of this _ 
platelet peptide with cyanogen bromide (CNBr) does not 
its affinity for the EGF receptor (Fig. 3b) despite the fact 
(1) amino acid analysis of the partially purified plz 
before and after CNBr treatment showed that 
methionyl residues was complete, (2) EGF treate 
with CNBr showed the expected decrease”? in. 
ing affinity (Fig. 3a), and (3) deliberate contamin 
EGF with a large excess of protein (so that is. 
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g. 2 Gel filtration of the human platelet extract on Bio-Gel — 
60. a, Protein profile as determined by absorbance at 280 nm 
`~}, Vertical arrows show, from left to right, the elution positions _ 
of bovine serum albumin ( M, = 68,000; V,), chymotrypsinogen A | 
(M, = 27,000), lysozyme (M,= 14,000) and ‘insulin (M, = 6000), | 
espectively. @, Elution position of platelet-derived TGF-f deter- 
uned by colony formation (>9,000 jm”) induced in the presence | 
f pure murine EGF* (0.5 nM) and 2.5 wl of selected column | 
ractions. b, Elution position of the platelet-derived, EGF-like 
eptide determined by colony formation {9,000 m°} induced in 
e.. presence of homogeneous TGF-6 (20 pM, prepared as 
cribed in ref. 12) and 250 ul of selected column fractions. c 
lution position of material that competes for the binding of 
*I-labelled EGF to the EGF receptor of NRK fibroblasts (@) 
nd A431 cells (O). 7 g 
ethods: The acid-ethanol extract of platelets (250 units} was 
olubilized in 1 M acetic acid (100 ml) and applied to a column 
x100 cm) of Bio-Gel P-60 which had been equilibrated in the 
iple solvent (1 M acetic acid, pH~ 2). Fractions containing 
5 ml were collected at a flow rate of 100 ml h`’. The radioreceptor 
say was performed similarly to the described procedure”, Cells 
è suspended (2 x 10° NRK cells ml”! or 1 x 10* A431 cells mi~’) 
inmedium (Dulbecco's modified Eagle’s medium with gentamycin) 
containing 10% fetal bovine serum (Bio-Fluids, Rockville, Mary- 
d), seeded in 24-well plates (1 ml of the cell suspension per 
), and incubated overnight (37°C, humidified atmosphere of 


10% CO, in air). Aliquots of selected column fractions (120 pl) | 


ere dried in the presence of bovine serum albumin (20 ug) in a 


cuum desiccator. The residues were dissolved in 4mM HCI > 


Owl), diluted with binding buffer* (0.2 ml) containing I- 

labelled EGF (about 210° c.p.m.), and incubated with washed 

s as described previously’, Receptor binding competition data 

ere converted to molar equivalents of EGF using pure murine 
z EGF as the standard. | 


ee Fig. 3 legend) did not prevent its reaction with CNBr. Thus, 


residue critical to receptor binding. 
Figure 4 shows the biological interactions between the three 


atelet-derived growth factors described above. In this experi- 


ent, cells were cultured in soft agar containing plasma-derived 
serum (rather than whole-blood derived serum) in order to 
sase the basal levels of platelet peptides. Homogeneous 


bination with either TGF-B alone or murine EGF | 

es not efficiently induce phenotypic transformation. 
larly, TGF-8 in conjunction with murine EGF 
imally stimulate anchorage-independent growth in 


m if the concentration of added PDGF is less than 


(Fig. 4a). When platelet-derived peptides are absent. 
basal assay medium, phenotypic transformation _ 
ddition of all three growth factors (Fig. 4a), In. 


ie new EGF analogue in human platelets lacks a methionine 


“o Maximum binding (specific) 


C oncentration of competitor 
(log M EGF equiv.) 


Fig. 3 The effect of CNBr on the receptor binding affinity of 
murine EGF (a) and the human platelet-derived EGF analogue 
(b). Results were obtained. by measuring the ability of these pep- . 
tides to compete with **]-labelled EGF for binding to the EGF > 
receptor of NRK fibroblasts. The binding of labelled EGF to the | 
cells was performed as described in Fig. 2 legend. Samples con- 
tained selected amounts of EGF or the platelet-derived EGF 
analogue, native (@) or after treatment with CNBr (©). Maximal 
binding of labelled EGF (determined in the absence of unlabelled 
competitor) was about 1,000 c.p.m.; nonspecific binding (deter- 
mined in the presence of 1077 M EGF) was about 150 c.p.m. 
Methods: Treatment of EGF (0.5 nmol, 1 residue methionine per 
mol EGF**°°-*?43) and the partially purified EGF analogue (4x 
107°? mol equivalents of EGF as determined by receptor binding 
competition: 0.5 nmol methionine in total protein as determined © 
by amino acid analysis) with CNBr (0.25 umol per sample) was 
performed in 70% formic acid (50 pl per sample) for 20 h at 23°C. 
Native samples of EGF and the EGF analogue were treated in 
parallel in the absence of CNBr. After the reaction period, portions 
(10%) of the samples were removed for amino acid analysis. 
(Methionine values were decreased >90% by the CNBr treatment; 
other amino acids were not affected.) To ensure complete removal 
of CNBr and formic acid, the remainder of each sample was dried - 
under a gentle stream of nitrogen (in the presence of bovine serum. 
albumin, 100 pg), the residues were dissolved in 4 mM HCI. 
(200 ul), and the resulting solutions were freeze-dried overnight. 
For the control studies, EGF (70 pmol) was deliberately contami- 
nated with a large excess of protein (myoglobin, 60nmol) 
before treatment with CNBr. The data are plotted as the mean 
of duplicate determinations using error bars to show the range 
(when observed). : 


activity of TGF-8 (20 pM) and murine EGF (0.5 nM) to 50, 100 
and 65% of that observed with autologous 10% whole-blood 
derived serum. Furthermore, Fig. 4b shows that in a plasma- | 
derived system, the human platelet-derived EGF analogue .. 
efficiently synergizes with PDGF and TGF-B to induce transfor- 
mation. , 
Recent studies have emphasized the relationships between | 
PDGF and oncogenesis”. The results described here show. 
that PDGF alone does not induce transformation in NRK cells, 
but that it acts in concert with platelet-derived TGF- and 
EGF-like peptides. These data agree well with previous studies 
indicating that PDGF controls proliferation by modulating the | 
response of cells to other growth factors*'!~*. Mechanistically, - 
TGF-8 can increase the number of cell-surface receptors for 
regulation in response to ligand 
d EGF analogue can bind to the 
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Fig. 4 Biological interaction of the three platelet-derived growth 
factors. The amount of PDGF in the samples was varied (abscissa, 
logarithmic scale). The concentrations of TGF-B and EGF were 
constant at 20pM and 0.5.nM, respectively. a, Colony-forming 
activity of NRK fibroblasts (colonies > 3,000 um?) in the presence 
of PDGF, TGF-8 and EGF (@); PDGF and TGF-B (W); or PDGF 
and EGF (©). b, The ability of the human platelet-derived EGF 
analogue to induce colony formation of NRK cells in soft agar 
when assayed in medium containing 10% plasma-derived serum, 
TGF-B (20 pM) and PDGF (3 ng ml~'). 

Methods: The assay was performed as before'**' except that the 
medium contained 10% plasma-derived serum (bovine) rather than 
10% calf (whole blood-derived) serum. TGF-B, PDGF and murine 
EGF were purified to homogeneity'*’°**. The platelet-derived 
EGF analogue was partially purified by gel filtration (see Fig. 2) 
and HPLC on a C,, column (Vydac, semipreparative) using 0.1% 
trifluoroacetic acid (TFA) as the stationary phase and 0.1% TFA 
in an acetonitrile gradient as the mobile phase (10-40% acetonitrile 
in 3h, 0.8 ml min`’). Fractions containing 0.8 ml were collected. 
The elution position of the EGF analogue (about 15% acetonitrile) 
and its quantitation were determined by assaying aliquots of 
column fractions in the radioreceptor assay with A431 cells (see 
Fig. 2 legend for details). Plasma-derived serum (10% in medium) 
was prepared by adding fresh bovine plasma (11 mi) to medium 
(100 ml of Dulbecco’s modified Eagle’s medium containing gent- 
amycin). A fibrin clot formed and retracted during overnight incu- 
bation at 37°C. After removal of the clot, the resulting solution 
was sterilized by filtration. Autologous bovine whole-blood derived 
serum (10% in medium) was prepared similarly using the serum 
from freshly clotted whole blood. The plasma and serum were 

derived from the same bleeding. 


new growth factor is structurally distinct from authentic EGF 
as judged by its apparent larger molecular weight and by the 
absence of a methionine residue critical to receptor binding (the 
methionine at position 21 in both human” and murine’? EGF). 
In the latter regard, this analogue resembles the type a trans- 
forming growth factors'*'’ which are EGF-like peptides lacking 
methionine’, Similarly, this critical methionine residue is 
- absent from the potential EGF-related peptides encoded in the 
- mouse EGF mRNA”. Our results show that the human plate- 
> Jet contains at least three distinct growth factors and that, in 
` the presence of plasma, the interaction of these three peptides 
can induce transformation of fibroblastic cells. 
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The recently discovered similarity between the human epiderma 
growth factor (EGF) receptor and the avian erythrobla: 

v-erb-B protein’ supports the hypothesis that viral onco; 

a common evolutionary origin with genes encoding gro’ 

lating cell-surface receptors. To elucidate the relation 

receptors and malignant transformation, we ha 

fragment of v-erb-B as a probe to screen a cDNA lib: 

from A431 human carcinoma cells, which possess a 


_ of EGF receptors’. Of the six clones isolated, 1 





The receptor has an EGF-stimulated protein kinase acti 
which phosphorylates itself and other substrates on a tryo 
residue’. Regulation of the cellular response to EGF can occ 
through ligand-induced ‘down regulation’ of the receptor'*? 
Recently, six different peptides from the EGF receptor have: 


t in elevated levels in A431 cells. The prominent 2.9-kb been isolated, sequenced and found to be strikingly similar to. 
vas homologous only to the 5’ portion of the pE7 insert. the deduced amino acid sequence of v-erb-B'. The latter is the 
; result raises the possibility that differential RNA processing protein product of the erb-B gene of avian erythroblastosis virus. 


used by A431 cells to generate a variety of RNAs. 


EGF elicits a wide variety of rapid and 


(AEV) which induces both erythroblastosis and sarcomas in 
delayed responses infected birds”!**. Most mammalian cells contain homologous. 


1ediated via specific high-affinity cell-surface receptors*. These counterparts to the viral transforming genes***, whose 


tesponses to EGF are dependent on the occupation of functional enhanced expression is thought to produce the malignant 
receptors at the cell surface. Short-term effects of EGF include phenotype*>*’. The strong similarity in protein structure 


activation of transport systems** and 


roliferation®'°, 


increased protein between v-erb-B and the EGF receptor supports the idea that ` 


a. phosphorylation’. Delayed responses include stimulation of the human cellular homologue to v-erb-B (c-erb-B) may be the 
_DNA, RNA and protein synthesis that ultimately results in cell same gene as that coding for the EGF receptor. This hypothesis 


is reinforced by the finding that the c-erb-B gene and the EGF 


The EGF receptor is a glycoprotein of molecular weight receptor gene are both localized on the same region of human _ 
0,000 which has been identified in many types of cells'''°. chromosome 7 (refs 28, 29). 


‘Nucleotide sequence and 

translation of the pE7 

rt. The nucleotide 

e- coding strand of 

resented with the 5’- 

site as position number 

no acid sequence, rep- 

d. by. single-letter abbrevi- 

is shown directly. above the 

equence. The translation of 

erb-B (ref. 30) gene product is 

gned with the pE7 translation and 

ted above it, beginning at 

eotide 1,305. Identical predicted 

o acid sequences are indicated 

asterisks (*). To optimize the 

milarities between two sequences, 

nucleotide triplet has been removed 

position 1,476, indicated by (—). 

ightly underlined amino acid trip- 

ts represent potential N-linkage 

cosylation sites, heavily under- 

d sequences indicate the location 

the likely transmembrane region 

he protein. A dot (©) points to the 

utative kinase phosphoacceptor’“, 

Boxed sequences represent those 

o acids shared with published 

receptor peptide sequences’. 

nucleotide sequence corre- 

ding to the v-erb-B BamHI frag- 

ment used to screen the library is 
sd at 1,756-2,314. 

ethods: Poly(A)” RNA was iso- 

d from total A431 RNA* and 

as a template for AMV reverse 

inscriptase synthesis of cDNA 

using oligo(dT) as primer***’, After 

second strand synthesis*’, the cDNA 

“Was treated with S, nuclease (I 

Up), blunt-end ligated to Clal 

_ artificial linkers, restricted with Clal, 

cand after. fractionation over 

Sepharose 4B to remove cDNA 

_<500 bp, the cDNA was ligated into 

Clal-digested pBR322 and cloned 

to Escherichia coli N38. A 0.5-kbp 

BamHI -y-erb-B fragment??? was 


Rac A WR RAP ENNPALCNWNVES TEUR DECSS TELS NMS HOF ON 
ATCGATGTGCATGCCOCOGTGCGT ICAGCAACAACCCTGCCCTOTGC AACOTGGAGAGCATCCAGTGGCOGGACATAGTCAGCAGTGACTTTCTCAGCAATATETCGA TOGACTTCCAGA 


HLGS EK SV ETQAY PHC ACH GCAGR ENC AKL TET rca QQes eer 
ACCACCTGGGCAGCTGCAAAAGTCTGATCCAAGCTGTCCCAATGGGAGCTTGCTGGOGTGCAGGAGAGGAGAACTGCCAGAAACTGACCAAAATCATCTGTGCCCACCACTECTCCGGEC 


AE ees ee MD AAO OT Ge RRS Ble Lee a ee ee ee eS 
GETEGCGTEGC AAGTCCCCCAGTEACTGCTECCACAACCAGTGTGCTGCAGECTEC ACAGGCCCCCGGGAGAGCGACTGCCTGCTCTGCCGCAAATTCCGAGACGAAGCCACCTOCAAGE 


TC F PRM EY aiuto. T ¥ @M DV N FP BEER Y¥ FS FP Gata sy x KE € PR & ¥ ¥ VT 
ACACCTGECCCUCACTCATGL TCT ACAACCCEACCACGT ACCAGA TGGA TO TGAACCCCGAGGECAAATACAGCTITOGTGCCACCTOCGTGAAGAAGTOTCCOCGTAATTATOTGCTGA 


DB EAS NOR A CO kOe Ee BE be ee eee Re ee OR ew ee SH 
CAGATCACCGTGCGTGCGTCCGAGCOTETGGGSCOGACAGC TATGAGA TCGAGGAAGACECGGTCCGCAAGTCT AAGAAGTGCGAAGGGCCTTGCCGCAAAGTGTGTAACGGAATAGCTA 


G £€ F € @ SL S§ ENA T 8 © K HF KN OTS €£$ GPL Ht LoVoA F R G 8 S$ F T H 
TEGGTGAATTTAAAGACTCACTCTCCATAAATGCTACGAATATTAAACACTTCAAAAACTGCACETUCATCAGTGGUGATCTCCACATCCTOCTGGCATTTAGGGGTGACTCCTTCACAC 


T P P? eo Pe GEL BLE TY KE tt GF Lt 1 9A PEN RT PL RA POE ROE 
ATACTCCTCCTCTOGATECACAGGAACTGGATATICTGAAAACCGT AAAGGAAATCACAGGGTTTTTGL TGA TTCAGGCTIGGECTGAAAACAGGACEGACCTCCATGCCTTTGAGAACE 


er IRG ke tk QHGEOF $ Lav Ys LN Tt 8S & @ LR S$ LEK Ft $ BoD LI 
TAGAAATCATACGCGGCAGGACCAAGC AACATGGICAGTTTTCTC TNGCAGTCGTCAGCCTSAACATAACATCCTTGGGATTACGCTCCOTCAAGGAGATAAGTGATGCAGATGTGATAA 960 


3 GN KM LG Y ANT IS WK KL P GTS GQK TK tf iS HRGEN FS CKAT Q 
TTICAGGAAACAAAAATTTGTGCTATGCAAATACAATAAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGAAAACCAAAATTATAAGCAACAGAGGTGAAAACAGCTOCAAGGCCACAC 1080 


GS AMP CAP RGCWwWERARDCH SER Aen R GR ECV DK CM LLG EB 
AGGUGTCTGCCATGOCTTGTGCTCCCCGAGEE TGC TGGESCOGAGCCAGGGA TIGCOTCTCTTGUCUGAATGTCAGCOGAGGCACCGAATCOCTGGACAACTGCAACCTTCTGGAGCCTC 1200 


verb M K & wkp 
es 2 FOV EE ON -S ECIS PERCU? 2 A MON YF fT ¢ TG RG PF DH Gt Gg f A ROY ame eS 
MSOCAAGGGAGTTESTGGAGAACTCTGAGTGCATACAGTECCACCCAGAGTECCTGCE PCAGGCCATGAACATCACCTGCACAGGACGGGGACCAGACAACTGTATCCAGTOTOCCUACT L320 


2 A k k kA ee Se 2 a ee Re k k # & Wo Ae & Qe et l 
I DGPH¢evVK« fT © PAG YM GEN R ru ¥W K Y A DAGH VCH L CH Po Wet 


ACATTGACGGCECECACTGCGTCAAGACCTGCCCGGCAGCTOTCATGGGAGA KAAC AACACCCTGGTCTGGAAGTACGCAGACGCCGCCCATCTGIGCCACCTCTOCCA SCAAACTGCA 1440 > 
KR * * K & 8 Ro E hk ee ~ kG Ok PT ee kk A 
Y G C TS P GL eG CP TN Ge RE Ps ya tT. 
COTACGGATGCACTGCGEE AGG TCT TGAAGGCTGTCCAACGAA TIGOCCTAAGATCOCCTCCATEOCCACT 


t Y L R * 8 4 hh & 8 * F & wm & hk hk Oe we kk 

berieben FOR ot VR KA TERRELL Reve et TPs ALP ND 
SCCTC CATCOCRAGGCOCCACATCGT TCGGAAGGECACGC TECGCAGGC TGC TGCACGAGAGGGAGCT TUTGGAGCCTCTTACACCCACTGCAGAAGCTOCCAACCAAGETOTS 

A A a .* & Re kh ok be Rh ek hk kkk tk r è A á k 


k 2 k k 
ITL K FR OF KK FE KGL eS GAY OF UY ule LW lie cE ely KTP A TX 


GGATCT TGAAGGAAACTGAATTCAAAAAGA TCAAAGTGC TGGGC TCCGOTGCGT TOUGCACEOTGT A TAAGOGACTCTCGR TOCCAGAAGCTGAGAAAGTTAAAATTCCCGTCGCCATCA 1800 


k k k ee Re eh kk kk ek hk lk lk ok lk + * 8 © R ke hh He Oe Oe t k a k 
E L R EATS PK AN KF ELL Ok AY ¥ MAS YON PHYVCRLEGRBLYTCR?S 
AGGAATTAAGAGAGGC AACATCTCCGAAAGCCAACAAGGAAATCC TCGATGAAGCCTACGTGATEGCCAGCGTOGA CAACCCCCACOTGTGCCGCCTOCTOGICATCTOCCTCACCTCCA 1920 


A E te k & * * & yy £ Cw * D ¥ I A * k A k kk & & Q E * k k k k k Akk g 


* 
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COGTGCAACTCATCACGCAGCTCATGCCTICGGCTGGLE TOCTGAC TGA TOT CCGGGAACACAAAGACAATATIGGCTCCAGGTACCTOCICAACTGOTOTGTOCAGATCOCAAAGOGCA 2080 


k R k k ER A # he Hk et eh kh mh ek hk klk lk lk lk h A A k k k & kkka 
N Y L E PR RUYVY HR PL A ARN Y Lv k TP QOH VY K £ TOF GLAKL UGA E 
TGAACTACTTGGAGGACCGTCOC TTGGTGCACCGCGACCTECCAGCCAGGAACGTACTGGTGAAAACACCGCAGCATGTCAAGATCACAGATTTTGGGCTGCCCAAACTSCTOGCTOCEG 2140 


es kh ? R R A k 8 k y k RP ek ee et ke eh lk ek lk Ue A k k g o 
E K E ¥Y HA EGGX VY FP tT KewenMa L E S$ I RXR FY THQ S$ OVES ¥ Gry dw 
AAGAGAAAGAATACCATGC AGAAGGAGGCAAACTGCCTA TCAAGTGCATGGCATTGGAATCAATTTTACACAGAATCTATACCCACCAGAGTGATGTCTOGAGCTACCGOCCTGACCOTTT 2280 
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E LMT FGS kK PY DG PAS Bt gs 3 E LU £ K G BERL ? 9 FP PT etre 
GOGAGTTGATGACCTTTGGATCCAAGCCATATGACGGAATCCCTGCCAGCGAGATCTCCTCCA TCCTOGAGAAAGGAGAACGCCTECCTCAGCCACCCATATETACCATOGAT 2393 


nslated** and used as probe to screen the ~10,000 clone libra 


b insert was excised from pBR322 b 


ing pe 
ito the appropriate molecular cloning 
A-101, single-stranded recombinant ph 
tion method*. The single- 


y 


int 1.0% agarose gels*°. After further digestion with 





“Here we report the isolation and characterization of cD 
clones obtained from an A431 cDNA library using a v-erb- 
probe from the ‘src family’ region that is known to be conserved 
among oncogenes’. The plasmid pEBI containing the v-erb-B 
` sequence was given by Dr Tadashi Yamamoto (University of 
Tokyo). Double-stranded cDNA synthesized using A431 
poly(A)* RNA as template, was ligated to Clal linkers and 
inserted into the Clal site of pBR322. Out of the ~ 10,000 clones 
screened, six hybridized to a 0.5-kbp v-erb-B BamHI fragment 
(pE3, 4, 5, 6, 7, 8). One of these clones (pE7) had a 2.4-kbp 
DNA insert flanked at both ends by Clal restriction sites. A 
second (pE3) contained a 1.3-kbp DNA Cla] insert. Homology 
© between pE7 and the other cloned cDNAs was demonstrated 
by hybridizing **P-labelled pE7 insert DNA to other blotted 
plasmid DNAs. 

The sequence of the 2.4-kbp pE7 insert (Fig. 1) contains one 
open reading frame which converts to ~790 amino acids; the 
carboxy-terminus exhibits great homology to the v-erb-B protein 
sequence (Fig. 1), and limited similarity to RSV p60°° (ref. 30). 
In addition, three of the six EGF receptor peptides sequenced 
by Downward er al.’ match exactly with the deduced amino 
acid sequence of pE7 (Fig. 1, boxed sequences). The other three 
are not contained in the 2.4-kbp insert because during the cloning 
of this DNA a natural Clal site within the original cDNA 
- molecule (now representing the 3’ end of the pE7 insert) was 
cleaved by Clal before ligation into pBR322, thereby removing 
the extreme 3’ portion of the cDNA. 

It is not yet clear whether the c-erb-B gene product and the 
EGF receptor are identical or simply related proteins. In prin- 
ciple, this pE7 cDNA clone could be derived from mRNAs 
encoding either the human c-erb-B gene product or the EGF 
receptor. We believe that pE7 codes for the EGF receptor 


because of the structural similarity between the pE7 deduced 


amino acid sequence and the EGF receptor peptides, and 
because RNA levels quantified by hybridization with pE7 corre- 
late extremely well with EGF receptor protein levels in a variety 
of cell types (Y.-h.X. et al., in preparation). 

An interesting feature of the pE7 sequence is a hydrophobic 
stretch of 27 amino acids (Fig. 1, darkly underlined) of which 
20 are nonpolar and 7 are neutral; this is probably the hydro- 
phobic transmembrane region of the EGF receptor. The putative 
site for a phosphoacceptor is shown in the sequence (Fig. I, 
tyrosine *). In addition, there are ten potential N-glycosidic 
linkage sites (Asn-Met-Ser; Asn-Pro-Thr; Asn-Ala-Thr; Asn- 
Cys-Thr; Asn-Arg-Thr; Asn-Ile-Thr; Asn-Val-Ser; Asn-Ile-Thr; 
Asn-Asn-Thr; Asn-Cys-Thr; Fig. 1, lightly underlined)**”* 
_ which could be involved in the complex glycosylation that occurs 

on the extracellular portion of the EGF receptor ***. Mayes and 
< Waterfield®® have reported that biosynthesis of the human EGF 
receptor in A431 involves co-translational addition: of at least 
seven N-linked oligosaccharide chains. It is possible that most 
or all of the potential sites derived from this cDNA sequence 
are used in EGF receptor processing. 

The fact that there exists one full-length open reading frame 
suggests that this cDNA was synthesized from a single mRNA 
molecule, and not formed from a recombinational event between 
two different cDNAs in the same vector. The ability of the insert 
to be cut out of the vector cleanly by ClaI also supports the 
likelihood of a normal recombinant plasmid construction. To 
prove that this long cDNA was made from a single mRNA, 
R-looping was performed using Sall-linearized pE7 (no sites in 
the insert) and A431 mRNA. Analysis of numerous R-loops 
revealed that the extreme 5’ end of the cDNA insert was 
consistently associated with RNA (long tail of pBR322); 
however, some variability in RNA hybridization was detected 
at the 3’ end (short tail of pBR322). The data suggest that at 
least two categories of RNA-DNA hybrids exist (see Fig. 2 
legend). One type of RNA forms a full-length hybrid, with 
colinear homology over the entire span of the insert (Fig. 2.A). 
-Many of these full-length RNA-DNA structures have RNA tails 
at both ends, suggesting that a significantly longer RNA is 


sponsible for the R-loop formation. This RNA probably 


NA 


Fig.2 R-loop analysis of pE7 using A431 poly(A)” RNA. Purified 
plasmid pE7 was linearized by Sall digestion (cuts once in pE? - 
within the pBR322 portion), and hybridized with poly(A)” RNA; | 
The hybrid molecules were spread and analysed. a, Short arm ~ 
of pBR322; b, RNA-DNA hybrid: c, long arm of pBR322. The — 
thin strand in the b region represents the noncomplementary single- 
strand insert DNA. A, B, Representative molecules which fall into 
two classes of R-loops. A, The average size and standard deviation 
(in bp) of the sections represented by a, b and c are 646 + 223, 
1,673 + 250, and 3,570+415, respectively. Although only a S' RNA 
tail is seen in this R-loop, other R-loops showed tails at either the 
3’ end, the 5' end, or both. B, The average sizes are 1,312 £99, 
1,293£+171 and 3,583 +294. x16,000. A 


represents the normal EGF receptor mRNA, which would 
contain the coding region homologous with previously: 
sequenced EGF receptor peptides, and which would ha 
additional RNA regions extending beyond the cDNA insert 
both ends of the molecule. pE 

A second RNA forms an R-loop that is ~600 nucleotides 
shorter at the 3‘ end (Fig. 2B). This structure, which also appears 
to have tails at both ends, is seen more often than the longe 
R-loop described above. The frequent appearance of the sh fe 
RNA-DNA hybrid molecule suggests that a second RNA exists 
in A431 cells which has strong homology to the 5’ end of the 
pE7 insert, but not to the 3° end. ees a 

If the 5’ end of the pE7 insert alone was capable of hybridizing _ 
to a different species of RNA, as suggested by the R-loop data, _ 
then Northern analysis using 3’- and 5’-specific pE7 cDNA 
fragments should confirm this. Messenger RNA was isolated 
from A431 and A498 cells (a human kidney carcinoma cell line «. 
which has about one-third the level of EGF receptors as A431; . 
N. Richert and I.P., unpublished data), electrophoretically frac- 
tionated on 1% agarose, transferred to nitrocellulose, 
hybridized to various cDNA probes. Figure 3 (lanes a) 
that the nick-translated 0.5-kbp BamHI v-erb-B probe. used tò” 
screen the cDNA library hybridizes to two promin 43 
RNAs of ~10 kb and 5.6 kb. Hybridization to A498 R 
a 4-5-fold less intense signal (Fig. 3b). Hybridi 


human pE7 probe to A431 RNA blots revealed 





31 98 31 98 


31 98 31 31 31 


| pE7 


ig.3 Northern analysis of EGF receptor RNA, Poly(A)* RNA 

‘as isolated as described in Fig. | legend, either from A431 cells 

31, lanes a, c, e, gi) or A498 cells (98, lanes b, d, f), fractionated 

n 1% agarose, and transferred to nitrocellulose*®. Nick-translated 

robes include the 0.5-kbp BamHI v-erb-B fragment (lanes a, 

5):the 2.4-kbp cDNA insert from pE? (lanes c, d); the 1.3-kbp 

insert of pE3 (lanes e, J): the 5'-specific Clal- Pst] pE7 fragment 

g); the 3’-specific BamHI-Clal pE7 fragment (lane A): and 

00-bp pE6 insert (lane i). Hybridization was in 50% for- 

amide, 5 x SSC at 42°C for 36h. Washing included 1h in 0.2 x 

C, 0.1% SDS at 45°C. Numbers at the left indicate the size of 

major RNA species in kilobases. Sizes were determined using 

TAs as markers, and the size of the 10 kb species is therefore 

imation. The restriction endonuclease map of the EGF recep- 

DNA insert of pE7 is shown at the bottom. The region of pE7 

sponding to the v-erb-B 0.5-kbp probe is located approxi- 

ely at the 1.75-2.25-kbp BamHI-BamHI fragment (see Fig. 

the pE3 insert is located from ~1.0-2.3 kbp and the pE6 insert 

11.8 to 2.4 kbp on the map of pE7. The locations of fragments 

used for 5’- and 3’-specific hybridization are indicated by lined 

_ boxes. Restriction enzymes include Clal (0), EcoRI (V), PstI (A), 

cBamHI (@) and Poull (A). A more detailed restriction map is 
available from the authors on request. 


s, including the 10-kb and 5.6-kb species (Fig. 3c). In- 
yn, three minor RNAs (6.3, 4.6 and 3.3 kb) and a promi- _ 
-kb species were found in the A431 cells. These RNAs — 

all present in elevated levels in A431 cells relative to A498 


‘ Fig. 3c,d). This is consistent with the possibility that 


y, if not all, of the RNAs are related to the EGF receptor. 


It seems likely that these RNAs are generated by either complex 
licing, or are- transcribed from a gene family with multiple 


1embers localized on several chromosomes in A431 cells. 
_ When the 1.3-kbp insert of pE3 was used as probe, the same 
RNAs were found (Fig. 3e, f). However, hybridization with a 
9E6 probe which contains a small ~600-bp cDNA insert 
homologous to the 3’ end of pE7 failed to visualize the 2.9- and 
> RNA species in A431 cells (Fig. 3i). The same result was 
d when a 90-bp fragment from the 3’ portion of the pE7 
“as a probe to hybridize to A431 RNA blots (Fig. 3h). 
90-bp fragment from the 5’ portion of pE7 hybrid- 
ll the species detected by full-length pE7, including the 
d 3.3-kb RNAs (Fig. 3g). The smaller 2.9-kb RNA is a 
ly prominent species in A431 cells and is probably the 
xhibiting great homology to ~1.5~1.6 kbp of the 5' 


} the pE7 insert (R-loop analysis, Fig. 2B); it therefore i 


codi fora truncated form of the EGF receptor. Recently, 
de orted that A431 cells secrete a truncated EC 


nen: 


ptor-like protein of the molecular weight 95,000-105,000 
(refs 36, 37). This protein could be translated from a small A431 
RNA (2.9 or 3.3 kb RNA). A 16-amino acid clostripain fragmen 
of this truncated protein recently sequenced by Weber et al. 
matches exactly with a stretch of amino acids deduced 
from clone pE7 at nucleotide 


receptor-like protein. ae 

We recently reported that DNA sequences for the EGF recep- 
tor were amplified 30-fold and possibly rearranged in A431 
cells". Shimizu et al’ have reported that in addition to two 
normal chromosomes 7 that contain the EGF receptor gene, 
A431 cells contain two marker chromosomes (M4 and M 14). 
originating from translocations between chromosome 7 and | 
unidentified segments of DNA. One of these (M4) confers. high 
EGF-binding capacity to fused A431/mouse A9 cells. These 
data raise the possibility that the 10-kb and/or the 5.6-kb RNA. 
are transcribed from a normal EGF receptor gene on chromo- 
some 7, and the 2.9-kb RNA species is transcribed from a 
chromosome involved in a rearrangement event at or near the 
location of the EGF receptor gene in A431 cells (possibly M4 
and/or M14). However, a new RNA species could be generated 
by any gene disruption causing alterations in the normal start: 
site, stop site, or patterns of RNA splicing. Whether or not this 
RNA encodes a protein which is responsible for the elevated 
EGF-binding ability of A431 cells remains to be established. 

An additional interesting finding concerns heterogeneity 
between the different cDNA clones, as determined by restriction 
mapping and partial sequence analysis (data not shown). Fur- 
ther work is needed to determine whether this represents. differ- 
ential RNA splicing of an unprocessed EGF receptor gene 
product. E 

One striking characteristic of the EGF receptor gene is its 
similarity to the v-erb-B gene'. Because of the apparent func- 
tional relationship between growth factor receptors and 
oncogene products, it is interesting to compare our results for 
the EGF receptor with those involving other oncogene proteins. — 
Transformed cells expressing high levels of either myc or myb 
protein were found to transcribe RNAs of unusual size, and to | 
contain chromosomes involved in translocation events*?. One 
possible explanation is that the overproduction of the 2 
RNA and its corresponding modified protein product may be 
associated with the appearance of the malignant phenotype. of 
A431 cells. To address this question, and to elucidate the nature 
of a putative EGF receptor gene rearrangement in A431 cells; . 
we are now characterizing cDNA clones encoding the 2.9-kb 
RNA. | mt ee 
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High-level expression of many eukaryotic genes has proved difficult 
to achieve even when a strong promoter’ ° and the ribosome binding 
sequence” from highly expressed Escherichia coli genes have been 
placed in front of the coding sequences. To overcome this problem, 
many eukaryotic proteins have been efficiently produced as hybrids 
after fusion of their genes with a coding sequence of E. coli genes”. 
However, such ‘hybrid. proteins are not suitable for functional 
studies or clinical use unless the authentic protein sequence can 
be released by specific cleavage. Here, we have inserted the 
sequence He-Glu-Gly-Arg between the 31 amino-terminal residues 
of A cll protein and Val 1 of human £-globin, and produced this 

hybrid in high yield i in E. coli. We then cleaved the hybrid specifi- 
“cally at the single arginine, using blood coagulation factor X, and 
-thus liberated the authentic B-globin chain. As factor X, is specific 
-for the tetrapeptide He-Glu-Gly-Arg’, which is rare in protein 

sequences, our expression/cleavage system is le to the 


ees 5 ; 4% 


ent production of many eukaryotic proteins. 



















Ile - Glu-Gly-Arg== Val - His- Leu-Thr_ clIFX B-globin 


iS; 36. 


He- Glu-Gly-Arg==Thr- Ala- Thr- Ser Human prothrombin” 



























































Ile - Glu-Gly-Arg==Thr- Ser- Glu-Asp Bovine prothrombin* (ret D 


Ile - Asp-Gly-Arg==Ile - Val- Glu-Gly Human prothrombin’ 


Ile - Glu-Gly-Arg== lle - Val- Glu-Gly Bovine prothrombin® (ref. 7) a 


Ala-Glu-Gly-Arg=Asp-Asp-Leu-Tyr Human antithrombin iil Bye 
Proteolytic cleavage by blood coagulation factor Xa occurs between Ei 


P, and P} sites. s 
* Factor X, cleaves identically both native. prothrombin and is a 


chymotryptic peptides containing these peptide aegis 






































We first constructed a new expression vector, pl Leli gB, whict 
directs synthesis of a hybrid protein consisting of the 31 amin 
terminal residues of A cH protein and the complete B-glob 
chain under the control of the A P, promoter (Fig. 16 
secondary structure near the ribosome binding sequence sho 
be retained even after the B-globin gene has been fused 
should provide high translational efficiency. The contro 
pLcll is identical to pLelI, except that it contain 
with multiple restriction sites instead of the B-globin 
When MZ-1 cells (a defective A lysogenic strain) 
pLclIf are grown at 30°C, the cI857 temperatu 
repressor is active and hence transcription from the P, p 
is fully repressed®”, but at 42°C the cIIP-globin. 
efficiently transcribed. Figure 2 shows a Coomassie blue- 
polyacrylamide gel of total cellular proteins from cultur 
and without heat induction. After heat induction, a new inte 
band appeared for MZ-I cells harbouring pLclip. The ban 
co- -migrated with soybean trypsin inhibitor consisti f 8 
amino acid residues, the same number as in th ot 
hybrid. Western blot " experiments” showed that the ne b: 
as well as natural human £-globin, reacted with 
goat anti-rabbit B-globin IgG (data not shown), indicatin 
the new band is the cll B-globin hybrid. Ra Meee oe 

In a second stage, we inserted a short oligonucl soti 
the A cll and B-globin genes of pLclIf.to form p 
that the first codon (Val) of the B-globin gene was prec 
a sequence encoding the tetrapeptide: He-~Glu-Gly-Ar 
ib). This is the sequence that immediately. precedes 
factor X, cleavage sites in prothrombin’. The hybrid- 
designated. clIFXB-globin, was purified. from MZ-1 
bouring pLclIFXA and digested with blood coagulatio: a fa 
X, which had been activated with Russell’s viper. venom 
Digestion was complete within 2h at a molar ratio of enzyme _ 
to substrate of ~1:100. No further cleavage occurred, except 
for a slow proteolysis by E, coli enzymes which occurred even 
in the absence of factor X,. The new band that appeared after 
factor X, digestion co-migrated with the slower band of haemog- 
lobin corresponding to the B-chain (Fig. 3). In contrast, the 
cll8-globin protein which lacks the tetrapeptide insert remained 
uncleaved by factor X,. Reverse-phase HPLC of tryptic peptide 
confirmed that the product of factor X, digestion of cHF? 
globin is identical to natural £ -globin (data not ‘shown 
Cleavage of the clIFXf-globin protein by factor X, 
exclusively at ‘the ppe bond E E P Ie-Glu- an 



























every ooid bond Toilowing arginine dad lysin è 
absence of such Sleavage py coagulauon factor X 
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IGGATGGGAGCTACCTAGIG 
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SSS SASH 
PstI Xbal SmaI EcoRI 
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l À B - gibih 

p 29.30. 3} Bam HI 1 >. <3 

-» ACAGCGGAAIGGGGGATCCATGIGTGCACCTG.... 
la- Glu | Giy Gly Ser Met] Vali His Leu .... 


<AGCGGAA GGGGATCCATCGAGGG TAGG GTGCACC TG... 
~ The Ala’ Glu [Gly Gly Ser fle Glu Gly Arg | Val His Leu... 


mal requirement. 
is not yet clear, 


t be occupied by 
he data for other 


Pi site can be 


On the other hand, trypsin-like proteases do not cleave 
onds preceding proline. Therefore, factor X, will cleave 
ide bond preceded by Ile-Glu-Gly-Arg or He-Asp-Gly- 
ss proline occupies the P/ site, and may be regarded 


ave been liberated from hybrid proteins by trypsin or 
romide, but such methods®!2.!3 cleave proteins like 
a 


igh translational effic ile the factor 


ion endopeptidase’. Several short eukaryotic poly- 


t several arginines and lysines or at several 


Fig.1 Construction of Mi3mp11 FX and pLcllFX@. a,M13m 
FX contains a sequence encoding the recognition site for factor 
Xa This M13 derivative can be used to join any coding sequen 

to the factor X, recognition sequence. b, pLelIFXf and peH 
direct efficient production of a hybrid protein consisting of the 31. 
amino-terminal residues of the A cll protein and the complete | 
human B-globin, with and without the factor X, cleavage site, 
respectively. 

Methods: All DNA manipulations were essentially as described 
elsewhere’®. A temperature-sensitive lysogenic strain MZ-1 
(galK,,,\8attLA BamN,N,,c1857AH 1, his”, ilo”, bio~, N*, given 
by Dr K. McKenney) was used as a host strain for plasmids 
containing the A P; promoter and transformation was done as. 
described by Remaut et al’. T4 DNA ligase was prepared from- My 
strain NM989 (refs 19, 20). Restriction enzymes were from. New © 
England BioLabs. a, Mi3mpli FX: Two oligonucleotides, 
dTACCCTCGATGGATC and dCATCGAGGGTAGGCC, were 
synthesized by a phosphotriester method on a controlled pore glass 
support”! and purified by HPLC”. The two oligonucleotides were 
allowed to anneal after phosphorylation with T4 polynucleotide — 
kinase (P-L Biochemicals) and ry- P]ATP (3,000 Cimmol!; 
Amersham) and ligated to form concatamers. The DNA was then 
digested with BamHI and cloned into the dephosphorylated 
BamHI site of Mi3mp1!1 (ref. 23) to yield Mi3mpli FX which 
forms blue plaques in the presence of isopropyl-B-p-thiogalac- 
topyranoside and | 5-bromo-4-chloro-3-indolyl-8-D-galactoside 
(Sigma). b, Construction of pLcHg and pLclIFXB: The EcoRI- 
HindIII fragment containing the multi-restriction sites was cut out. 
from M1 3mp10 (ref. 23) and ligated to Eco RI-Hindil-cut pLe245 . 
(ref. 8) to form pLmpI0. The 319-base pair (bp) Alul fragment — 
containing the nutR, ty, sites’ and a part of the cll gene was. cut 
out from pKGI1805 (ref. 24) and cloned into the Smal site of 
Mi3mp10 in the same orientation with respect to the B-galac-— 
tosidase a-peptide gene. The EcoRI-HindIII fragment containing 
the A DNA sequence was then cut out and cloned into the EcoRI- 
HindIII site of pLmp10 to yield pLelI, A complete human f-globin 
cDNA sequence was reconstructed by joining restriction fragments _ 
prepared from an incomplete cDNA clone (pJW102)** and a 
genomic DNA clone”®, and this was cloned into the Smal—Hindii — 
site in Mi3mp9. The M13mp9 8 cDNA thus obtained was opened — 
at the NcoI site, which is located at the initiation codon, and. 
treated with Klenow DNA polymerase (Boehringer Mannheim) — 
in the presence of 100 uM 4dNTP to obtain flush ends. The B- 
globin cDNA sequence was then cut out with Hindi and inserted 
into the BamHI (filled-in)-HindIH site of pLcll so that the $- 
globin gene was fused to the A cH gene in-phase via a small linker. 
DNA derived from Mi3mp10. To construct pLclIEX, Mi3mp9 
B cDNA was opened with NcoI and 40 ug of DNA were treated 
with 200 U of mung bean nuclease (P-L Biochemicals). in 30 mM- 
Na-acetate pH 4.6, 50mM NaCl, | mM ZnCl,, 5% glycerol at 0°C. 
for 10 min to remove the 5’ protruding end. The B-globin cDNA | 
sequence was cut out with HindIII and cloned into the Stul- 
Hind\ll-cut Mi3mptl FX. The DNA sequence was determined 
by the dideoxy chain termination method?” to ensure that the first 

valine codon of the B-globin gene was preceded by the DNA | 
sequence coding for Ile-Glu-Gly-Arg. Then, the BamHI fragment — 
containing a part of the B-globin sequence was cut out and cloned 

into BamHI -digested pLclIf to form pLcllFX8. 


X, Cleavage eliminates the extra amino-terminal methionine 
encoded by the initiation codon which is present in most eukary- 
otic proteins expressed in E. coli by conventional methods‘. The 
pro-enzyme, factor X, is readily prepared from bovine blood 
plasma with a yield of 5 mgI~'. Factor X is isolated biochemi- 
cally pure and free from contaminating proteases after adsorp- 
tion from plasma on insoluble barium salts, followed by one 


chromatographic step'*. For the construction of other hybrid i 


protein expression vectors, any blunt-ended coding sequence 
can be cloned into the Stul site of MT3mpi i FX which contains. 
a sequence encoding the factor X, recognition site (Fig. 1a). 
The gene, together with the factor X, recognition sequence, can 
then be cut out from the M13 clone with BamHI and cloned 
into the BamHI site of pLcII, or indeed any hybrid protein 
expression system, so that the cleavable hybrid protein can 
roduced. This method is now being applied, in our labora 


to the production in E coli of se 


a 





-globin 
< cIiB-globin 


fig. 2. Expression of cllf-globin hybrid protein in E. coli. Total 
‘cellular proteins from MZ-1 carrying pLcll, pLclIB and 
pLclIFX, with and without 2 h of heat induction, were analysed 
on an 18% polyacrylamide-SDS gel and visualized with Coomassie 
blue. a, pLcll at 30°C; b, pLell at 42°C; e pLclif at 30°C; 
d, pLelIB at 42°C; e, pLelIFX£ at 30°C; f, pLclIFXB at 42°C. 
Methods: MZ-1 cells harbouring the expression plasmids pLcll, 
pLcllp and pLclIFX£ were grown to Agog = 0.7 in 2 x TY medium 
(16g Tryptone, 10g yeast extract, 5 gi’ NaCl) at 30°C and for 
each of the cultures, one half was mixed with an equal volume of 
2xTY preheated to 65 °C and grown at 42°C. The other half was 
grown further at 30°C as a control. The total cellular protein was 
extracted with an equal volume of phenol and spun down after 
precipitation with 5 vol. ethanol®, The pellet was dissolved in SDS 


sample buffer and analysed on an 18% polyacrylamide-SDS gel”. 


< clip- globin 


< §-globin 
a-giobin 


Fig. 3 Digestion of clIFXf-globin protein with bovine blood 
coagulation factor X,. The clIFXB-globin hybrid protein was 
digested with factor X, at an enzyme to substrate molar ratio of 
1: 100 at 25 °C and analysed on an 18% polyacrylamide-SDS gel”. 
a, Undigested clIFXB-globin; b, 5min; c, 15 min; d, 30 min; 
e, 60 min; f, 120 min after addition of factor X,; 8, human adult 
haemoglobin comprising the a (faster band) and B (slower band) 
chains. The cII8-globin hybrid protein which lacks the cleavage 
site for factor X, was treated with factor X, in the same conditions: 
h, after 120 min of treatment; i, untreated cIIB-globin. 
Methods: MZ-1 cells harbouring pLcIIFXf were grown in 500 ml 
of 2X TY medium. At Asoo = 0.7, the culture was mixed with 500 ml 
of 2X TY preheated to 65 °C, then grown at 42°C. After 2h, cells 
were collected, and the high salt precipitate was prepared”. The 
pellet was dissolved in 30 mi of 10 mM Na-phosphate pH 6.4, 1% 
SDS (BDH), 1% B-mercaptoethanol and incubated in a boiling 
water bath for 5min. The sample was dialysed against 10 mM 
Na-phosphate pH 6.0, | mM dithiothreitol, 0.1 % SDS and purified 
on a hydroxylapatite (Bio-Rad, DNA grade) column”. The 
‘cHFX£-globin hybrid protein was concentrated by ultrafiltration 
(Amicon, PM-10 membrane) then precipitated with 6 vol. 
acetone/0.1 M HCI to remove SDS. The precipitate was air-dried, 
dissolved in a minimal amount of 8 M urea, 50 mM Tris-HCI pH 
8.0 and dialysed against 100 mM NaCl, 50 mM Tris-HCI pH 8.0 
and | mM CaCl). Bovine blood coagulation factor X (given by Dr 
M.-P. Esnouf) was activated to factor X, with Russell's viper venom 
apee 2 oe (pma. i a 
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Erratum 
Expression and amplification of the 
N-myc gene in primary retinoblastoma 


W.-H. Lee, A. L. Murphree & W. F. Benedict 
Nature 309, 458-460 (1984). 


THE first paragraph on page 460 was printed incorrec l 
should read: ‘amplification in neuroblastoma and. } 


expression in the retinoblastoma strongly suggests that t 
myc gene may belong to the proto-oncogene family. The 
that the N-myc gene is amplified and expressed in both ret 
blastoma and neuroblastoma is of obvious interest. 
especially so because both tumours originate from net 
ectodermal cells, although retinoblastoma may devel 

more primitive cell than neuroblastoma”. However 
no evidence to exclude the possibility that genes 


N-myc are involved in these two types of tumo 
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Proceedings of the Eleventh Study Group of the Royal 
College of Obstetricians and Gynaecologists 

edited by C.H. Rodeck and K.H. Nicolaides 


Each year the Royal College of Obstetricians and 
Gynaecologists convenes a study group which examines in 
detail one particular aspect of obstetrics and gynaecology. 
Last year’s subject was prenatal diagnosis, and this book is a 
co-publication of the Proceedings by Wiley and the RCOG. 
The study group consisted of a small number of 
international experts in the field who discussed the topical 
issues in prenatal diagnosis such as techniques and 
methods, chromosome. anomalies, Mendelian recessive 
disorders, X-linked disorders and multifactorial malfor- 
mations. The book will be an invaluable source of up to date 
information on the state of current knowledge. 
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covering drug delivery systems designed to provide 
maximum therapeutic benefits. It provides state-of-the-art 
guidance in the development of these delivery systems. 
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| CLINICAL ATLAS OF HUMAN 
CHROMOSOMES, 2nd Edition 

by J. de Grouchy and C. Turleau, both of Hospital Necker, 
Paris 

This is a comprehensive discussion by a leading inter- 
national authority on cytogenetics. The new Second Edition 
reflects the many important changes that have occurred in 
the field over the past five years. Included are forty new 
syndromes, an updated presentation of cytogenetic 
techniques and the gene map, and a new chapter on types 
and mechanisms of chromosome arrangements. 


0471 89205 X 508 pages May 1984 £56.50 


THE KIDNEY Diagnosis and Management 
edited by N.S. Bricker and M.A. Kirschenbaum, both of 
UCLA School of Medicine, Los Angeles 


This is a comprehensive text/reference covering all aspects 
of nephrology from clinical evaluation to practical 
management of kidney disease and disorders to body fluids. 
it includes the latest diagnosis and treatment therapies and 
treats major areas of acute renal failure, cancer, radiologic 
evaluation, and nutrition. 
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edited by D. Lawson, Cystic Fibrosis Research Trust, 
Bromiley, Kent 


The Cystic Fibrosis Research Trust, London, hosted the 9th 
International CF Congress in Brighton in june 1984 on 
behalf of the ICF (M) A. Scientists and clinicians from all over 
the world presented their findings on important aspects of 
CF research and patient care, with the main themes being 
prenatal diagnosis and carrier detection, biochemical 
problems, the changing management of CF, and the search 
for the basic defect. Fundamental scientific issues were | 
discussed, as well as the clinical management of the disease. | 
This volume contains the invited speakers’ contributions, 
each of which is an authoritative presentation of the current | 
state of knowledge in each field. All other contributions, _ 

whether oral or poster presentations, are included in the. 
book in abstract form. | 
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This deals with the chemical structure of biologically active | 
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examines what is known about advanced drug design. It» 
presents a unique historical overview of drug discovery and ` 
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reveal the serendipity of discovery and to point towardnew - 
structures that may be developed based on what has gone | 
before, a 
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This study of cancer is unique in its approach to the subject . 
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CURRENT NEPHROLOGY, Volume 7 
by H.C. Gonick, UCLA School of Medicine a 
This is a thoughtful series of contributions by medical 
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immunological barriers to transplantation, pointing out. | 
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that have been made. ae 
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: New Politics of Science. By David Dickson. 


'antheon, New York: 1984. Pp.374. $22.95, 


‘THAT knowledge is power has been well 
- understood and much discussed in many 


-analyses of the politics of science. In The 


-New Politics of Science, David Dickson 
describes the new dimensions of this truism 
in the 1980s, arguing that science today is a 
commodity, a policy instrument, a source 
of legitimation, a basis of imperialism in 
foreign policy, and a form of property that 
s being manipulated according to the 
ds of the military, the marketplace and 
vate sector. It is a provocative book. 


logy. He then turns to their impli- 

ons for the nature of scientific research 
id structure of universities and, more 
portant, to their influence on the 
lationship between the citizen and the 


Dickson argues that science is 
creasingly used to reinforce the concen- 
ion of political power in the hands of 
those who dominate the economy. Tracing 
he development of patterns of control 


ver science during different historical 


ods, he concludes that recent changes, 
ecting an ‘‘almost religious belief in = 
er of science-based technology’’, a 
matic and potentially e A 
Indeed, he has written this book with the 
@fopenly political purpose of. revealing the 
blematic political and social conse- 
nces of recent changes in science and 
thnology policy in the United States. 
use of his concentration upon the 
nfluence of capitalism, some may inter- 
he book as merely a diatribe from the 
< It is not. Rather, Dickson is pointing 
0. a set of pressures which, taken together, 
indicate sweeping structural changes in the 
politics of science. 
_ Dickson’s foremost worry is that 
decisions about both the allocation of 
cientific resources and the application of 
scientific results are increasingly concen- 
trated in the hands of corporate banking 
a6 rallftary ke leaders who have ages the 


| Of ‘real estate”. 


priate return. And he suggests that | 


unfettered technological development is 
endorsed in order ‘‘to get the economy 


_ back on its feet’’, with little attention being 
paid to its social consequences. 


Dickson documents three striking 
manifestations of the changing politics of 
science. First are the new relationships 


between industry and academia that have | 
developed with the renewed commercial 


interest in basic research. Knowledge, 
argues Dickson, is a ‘‘commodity’’, a form 


public resources that universities represent 


are increasingly placed at the service of 
_ private capital. 


Second, Dickson turns to the renewed 
links between the American scientific 
community and the military establishment, 
as reflected both in changing patterns of 
military funding of academic research and 
in growing security controls. Tracing the 
increased influence of the military in 
academia since the 1970s, he calls attention 
to the ironies of scientists accepting — and 
indeed soliciting — military support while 
worrying about controls on open 
communication as the government seeks to 
limit the transfer of technological 
information in the interests of national 
security, 

Third, through numerous examples, he 
points to the growing foreign policy 
implications of science and technology, 
given their importance in international 


economics. Influenced by multi-national 
corporations, Third World politics are | 


especially vulnerable to policies that are 
determined by profit rather than need. So 


too are international agreements such as 


the Law of the Sea. 


Dickson finds it notable that today’s | 
politics of science developed after a decade | 


of challenge and introspection during 


which many people, through the environ- | 


mental and consumer movements, 
questioned the definition of ‘‘progress’’ 
and insisted that science and technology 
must serve the needs of society rather than 


determine those needs. That period of | 


protest revealed two conflicting 
approaches to the politics of science based 
on ‘‘democratic’? and ‘‘technocratic’’ 
strategies. The technocratic approach 
called for ‘‘rational’’ solutions to the 
problems of technology through a con- 
sensus Of experts; the democratic strategy 
looked towards redistribution of political 
power through greater public involvement 
in technological decisions. 


_ For a brief period, demands for! 


The result is that the | 


increased democratic control over tec 

nology appeared to be influencing ‘the 
politics of science and technology as publi 
agencies groped for assessment procedure: 
that would involve citizens in general. Th 
new politics of science represents a power 
ful counter-attack against such reforms. 
Today, Dickson argues, 
strategies prevail as technical and = 
economic decision-making methodologies... 


are used to cloak political judgements in — 


the garb of scientific neutrality; and 


scientific arguments are used to dismiss 


challenges from concerned citizens. In > 
effect, science has become a policy instru- 
ment reinforcing the ascendance of techno- 
cratic over democratic values and reducing © 
political choice. ii 
What are the consequences of the new. 
politics? Dickson sees a declining interest in 
the environmental, social and ethical impli- 
cations of research. And as criteria of 
efficiency replace the emphasis on equity, 
he sees a re-direction of research away from 
social priorities. He also discerns changes — 
within the community of science as com- 
mercial and military interests lead to 
secrecy and to tensions over traditional 
patterns of scientific communication. He 
worries about relationships within univer-. 
sities as certain departments compete to 
keep their faculty together in the face of 
well-paid entrepreneurial temptations. 
But, above all, Dickson worries about the 
political consequences of the new politics 
of science — the reduced possibilities for 
public involvement in political decision- 
making and the increased deference to 
technical expertise. Indeed, he sees the 
future of democracy itself as being at stake. 
Dickson’s argument is supported by 
many case-histories and placed in perspec- 
tive with historical comparisons. While he 
is convincing, he also raises a number of 
unanswered questions. How did such 
dramatic political changes take place so 
quickly with so little public response? Why 
are academic scientists, who only a decade 
ago were widely disenchanted by _ 
university—military relationships, so quick- 
to renew those relationships today? Why © 
are campuses and grass-roots movements, 
until recently mobilized around related —. 


issues (military research in universities and 


the environmental and social effects of 

technical change), now so apathetic? How 
have the actors involved in the new politics 
of science cultivated the public apathy that 


has allowed uncritical deference to tech- ~ 


nocratic expertise? Dickson says too little 
about the media as a vehicle for gaining 
public consent for the new politics of 
science, and does little to explain the pres 
sures within science that foster changin 
attitudes. _ 
Dickson is by no means anti-science or : 
opposed to technological change. Rathe 
he wants to re- integrate public needs and 
aspirations into science policy, to shift the 
priorities of science and. technol o 


from: destructive en 





technocratic 





















seh sb some aed neal He would like | 
to democratize procedures within the 
scientific community so that priorities and 
practices would be open for broader public 
discussion; he would like to change the 
institutions responsible for allocating 
research funds to allow greater public 
input; he wants to develop ways of demo- 
cratizing technological innovation to 
ensure that considerations of equity. 
influence production; and he wants to 
maintain public access to the fruits of 
publicly funded research. 

Dickson ends his book on a bizarre note, 
by taking encouragement from the 
effectiveness of the Creationists in 
challenging scientific ideas. In my view, he 
misinterprets the significance of 


program that inelides @ a vision of an alter- l 


native science”, this group has manipu- 
lated the populist tendencies of American 
Fundamentalists to enhance the power of 
a small religious group. Yet this conclusion 
to the book should not divert the reader 
from its very positive, indeed Utopian 
message — that science, one of the greatest 
cultural and intellectual achievements of 
the modern age, must be shaped in accord- 
ance with democratic values in order to 
enhance the public good. E 


dramama nA a a a aAA 


Dorothy Nelkin is a Professor in the Cornell 


University Program on Science, Technology 


and Society, anda Visiting Scholar at the Russell 
Sage Foundation, New York. She is author of 
Science as Intellectual Property (Macmillan, 
1984), and, with Michael S. Brown, of Workers 
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~ Magnetic Oscillations in Metals. 
~ By D. Shoenberg. 

Cambridge University Press: 1984. 
~ Pp.§70. £55, $97.50. 





“OCCASIONALLY a book appears of which it 
may be said that the author, the content 
and the timing could not be bettered. 
Magnetic Oscillations in Metals by 
Professor David Shoenberg is just such a 
book. 

It was in 1932, at the suggestion of 
Kapitza, that the author, then a new 
graduate student at the Royal Society 
Mond Laboratory in Cambridge, was 
introduced to the mysterious magnetic 
properties of bismuth. Only a few years 
previously, in Leiden, de Haas and van 
Alphen had observed magnetic oscillations 
in this metal at low temperatures. The 
oscillations of the magnetization as the 
magnetic field was varied were thought at 
first to be peculiar to bismuth, but in time 
they were understood to be a fundamental 
property of all metals. 

: In a historical introduction, Shoenberg 
~- charts the course of the development of the 
de Haas-van Alphen effect, as it came to be 
called, from a curiosity to arguably the 
single most important experiment in solid 
state physics. We read of the insights of 
Landau on the origin of the effect, of the 
unexpected success of the nearly free 
electron model as crucial evidence in the 
development of pseudopotential theory, 
and of the subtle and fruitful interplay over 
the years between experiment and theory. 
_ The influence exerted on the course of solid 

_ state physics by studies of magnetic oscil- 
lations originated in large measure from 
_ their versatility and accuracy. Band 
= theoretic methods, for example, could be 
fine-tuned and became more useful and 
j jable instruments in other fields. For 






































which the author has seldom been far 
removed, magnetic oscillations have been 
employed as a spectrometer for the investi- 
gation of electrons in metals. It is with these 
many aspects of the field that the book is 
principally concerned. 

An objective early in the book is to 
expound the theory of magnetic oscil- 
lations, broadly along the lines first set out 
by Lifshitz and Kosevich in 1955, use being 
made of the now-familiar geometrical 
interpretation of electronic properties for 
the physical insight it provides. The theory 
is developed for both two- and three- 
dimensional systems, with the more 
cumbersome mathematical results being 
helpfully placed in appendices. Given the 
historical development of the subject it is 
proper that the determination of Fermi 
surfaces (Fermiology), should have a 
prominent place. Here Shoenberg concen- 
trates more on general principles, follow- 
ing this with a survey of what has been 
accomplished in a few selected metals. For 
a more encyclopaedic approach the reader 
is referred elsewhere. 

In later chapters, attention is focused on 
more contemporary topics where, in 
characteristic style, the author does not fail 
to highlight areas where uncertainties 
remain, such as the effect of dislocations 
upon magnetic oscillations, nor those, 
such as the influence of many-body 
interactions, where even the general 
principles involved are still very much in 
question. 

Although the study of magnetic oscil- 
lations has reached maturity as an 
established branch of solid state physics, 
this is remarkably the first book to be 


devoted to a complete exposition of the 


subject. Work on magnetic oscillations is 
still actively pursued and the author 
believes that this will continue for a long 
time yet. So too will his book remain the 
definitive text for research workers in this 
field. a 


othe 


Michael Sarid ori is Professor of Experi- 
mental PO at the. a of SUSSEX, 


: review see N 


Paula Brown Gl 






Ruth Benedict: Patterns of a Life. | 





By Judith Modell. 

Chatto & Windus/University of = 
Pennsylvania Press: 1984. Pp.355. Hbk 
£15, $30; pbk $11.95. $ Eo 








RUTH BENEDICT (1887- 1948) has octiipited p 
an important place in the history of _ 
American anthropology for the past 50. 
years, ever since the publication of Pat- 
terns of Culture in 1934. Judith Modell, the. . _ 
author of this biography, is herself an an- 
thropologist and quite clearly feelsastrong 
personal identification with her subject. 
Yet she does not attempt to evaluate 
Benedict’s scholarship or contribution to ~ 
anthropology. ie 
The biographer is able to cite Ruth Bene | 
dict’s published and unpublished writing 
— poems, notebooks, letters and an aut 
biographical fragment written in 1935 — it 
her examination of Benedict’s childho: 
and youth. But now, over 30 years afte 
Benedict’s death, recollections culled fron 
friends, relatives and students do not fu 
satisfy inquiry — many questions remai 
From the characterization of Stanley Bene 
dict, her husband, and of some clos 
friends, the figures remain shadowy; her 
the reader must accept the limitations of 
the biographer’s materials. Modell has at. 
tempted to discern the pattern o 
Benedict’s life, and has certainly laid out 
the whole sweep of her person and her in- 
terests, as child and adult, in literature and 
anthropology. The influence of philoso- 
phical and religious thought upon Benedic 
is not fully examined, however; her femit 
ism is muted. And a chapter on her anth 
pological work was evidently undul 
fluenced by Margaret Mead’s books about 
Benedict, and seems uncritically repetitive. 
Ruth Benedict was a student of Ft 
Boas of Columbia University, who ha 
been called the ‘‘builder and architect 
modern anthropology” and who built: 
Anthropology Department at Columbi 
University into a centre for anthropology, __ 
ethnography and folklore study. Ruth. _ 
Benedict entered this realm in 1921, in her _ 
thirties, there finding a personal role, a 
purpose for her life and a new subject for 
writing. She visited American Indian settle- 
ments to record texts and cultural data 
from informants — the usual method. of 
American anthropologists of the time — 
and was Boas’s closest assistant for 20 
years, teaching and saporvisni tudents 
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s women students, specail 
r “Mead and Ruth Benedict, 
came- widely known to American 

ts and scholars in fields far beyond 

ll group of cultural anthropologists 

ime. While Mead married and made 
field trips with her husbands, Reo 
ortune and Gregory Bateson, and later 
h students, Benedict remained at Col- 


ambia. There she edited the Journal of | 
THE ordinary reader might expect to learn 
from this book something about the so- 


| American Folklore, taught and published. 


Only after she separated from her husband { 
-and lived independently in New York did 


she have a regular post at the university. 
enedict’s best-known work, Patterns 
f Culture, was the culmination of her in- 
tere ts in coherence of culture as a design 
" living. The work has long been 


cognized as an anthropological land- | 


. It developed from Boas’s concern 
thnographic detail to the integration 
whole ‘‘culture’’. This notion that a 
ture, the total way of life of a people, 
i id be characterized in a single word, 
sollonian or Dionysian, was Benedict’s 


€ insight; Modell feels it is her real 


jement. Such a breathtaking whole 
‘could not be achieved as a characteriz- 
n of very many of the cultures studied 
thropologists, and this difficulty with 
pt has been noted by a number of 
However, the identification of 

nes and the relations between the in- 
dual and cultural values became one of 
main lines of anthropological inquiry 
| wide influence. At the beginning 

ne Second World War, Benedict and 
with a group of anthropologists and 
ologists, carried out studies of the 
mality and culture of contemporary 
les, especially in European and Asian 
s. The best-known of these studies, 


ict’s The Chrysanthemum and the | 


rd, became a handbook used by 
rican pee one forces in Japan after 


il theme or pattern has been eriti- 
cized as oversimplification. This, then, the 
utstanding contribution of Benedict to 
athropology, was not followed up suc- 
sfully by the next generation of scholars. 
Benedict’s approach to anthropology as 
ie of the humanities declined as cultural 
nd psychological anthropology became 
lore scientific in its methods and results. 
The discipline of anthropology may in- 
have progressed beyond the goal of 
unitary cultural theme. None- 
person and concepts of Ruth 
_presented here by Judith 
are of lasting interest and value to 
f life and of culture. | 


ro} Glick is Babbar ye of Anthropol- 
versity of New York, Stony 
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of science 
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From Folk Psychology to Cognitive 
Science: The Case Against Belief. 

By Stephen P. Stich. 

MIT Press: 1984. Pp.266. $22.50, £21.40, 


called cognitive revolution which has trans- 
formed the science of psychology over the 
past few decades. After all, the title sug- 


gests something of this kind. Like folk 


medicine, folk psychology carries an un- 


scientific, even a disreputable, connota- 


tion; it conjures up an image of untutored 


individuals who lack access to the sources — 
_ of enlightenment. On the other hand, cog- 
nitive science has an honorific connota- 
tion, without the parochial aura of- 
| psychology and suggesting a lot of brainy 


people from some of the new disciplines 


(artificial intelligence, for example) all. 


toiling together happily on fundamental 
epistemological problems and talking a 
language nobody else can understand. 

The ordinary reader would not be entire- 
ly right. Dr Stich is not concerned with 
psychological research, but with a philo- 
sophical argument about the status of the 
mind and its cognitive capacities. His main 
concern is to propose that the concept of 
belief (and allied mental concepts) has no 


proper function in a scientific explanation © 


of mental life. We have all got things wrong 


if we want to be taken seriously as scien- | 


tists. Neither folk psychology, nor cogni- 
tive science, is accurately defined, but the 
former is assumed to comprise ‘‘a loose 
network of largely tacit principles, plati- 


tudes, and paradigms” based on mental- 


istic terms. The author’s argument is that 


‘as ‘‘believes’’, 


ah faik: daton: re-intró i 


cognitive psychology after the blea dg 
of behaviourism, are detrimental t Si 
tific progress and have no place in se 
accounts. This echoes ina strange way O 
Neurath’s /nternational Encyclopedia: 
Unified Science (1955), with its aim of. 
purging scientific terms of surplus mean-. 
ing. It is strange because positivism is hard- 
ly considered respectable in advanced — 
philosophical circles and certainly not a 
among the adherents of cognitive science. 
It is not simply in politics that left and right 
end up advocating the same thing. | phe 
Although the author draws back from. 


_ giving whole-hearted assent to the claim of 


a couple of other philosophers that folk 
psychology is a ‘‘degenerating research 
_ program’’, he would like to rule out from 
cognitive science any ‘‘content sentence’! 
which expresses an intentional or propo 

tional attitude. Thus none of the following | 
gain admittance: 7 


S believes that Ouagadougou is the capital 
of Upper Volta 

S hopes that Ouagadougou is the capital 
of Upper Volta : 
S fears that Ouagadougou is the capital 
of Upper Volta 

S desires that Ouagadougou is the capital 
of Upper Volta, 


for the folk psychological use of terms such 
“hopes”, ‘‘fears’’ and — 
*‘desires’’ do not ‘‘play a role in the best 
and most sophisticated theories put for- 
ward by contemporary cognitive 
scientists”. The precise nature of these ad- _ 
mirable theories remains unspecified, but 
one might raise the question of how a clini- 
cian can make a diagnosis of paranoia 
without reflecting upon the beliefs of the 
patient. Further, one might also point out 
that there are philosophers who have made 
interesting analyses of emotions in ord- 
inary folk terms. 

What are the proposals which the author | 
commends in the place of such crude 


The Tables Turned: An Evening Scene 


Up! up! my friend, and clear your looks, 
Why ail this toil and trouble? 
Up! up! my friend, and quit your books, 
Or surely you’ll grow double. 


The sun above the mountain’s head, 

A freshening lustre meliow, | 
Through all the long green fields has spread, 
His first sweet evening yellow. 


Books! ’tis a dull and endless strife, 
Come, hear the woodland linnet, 
How sweet his music; on my life 
There’s more of wisdom in it. 


And hark! how blithe the throstle sings! 
And he is no mean preacher, 

Come forth into the light of things, 

Let Nature be your teacher. 


She has a world of ready wealth, 

Our minds and hearts to bless — 
Spontaneous wisdom breathed by health, 
Truth breathed by chearfulness. 


One impulse from a vernal wood 
May teach you more of man; 

Of moral evil and of good, 

Than all the sages can. 


Sweet is the lore which nature brings; 
Our meddling intellect 

Misshapes the beauteous forms of things; 
— We murder to dissect. 


Enough of science and of art; 

Close up these barren leaves; : 
Come forth, and bring with you a eats 
That watches and receives. 


This poem, by William Wordsworth, is taken from Poems of Science, a new anthology published: 
by Penguin. The book is edited by John Heath-Stubbs and Phillips Salman, and. among the poets” 
represented are Shakespeare, Milton, SPAI: Walt Whitman, Louis MAENE and J ohn Updike. ee 


Price i is £4. 95i in n pap ck. 













argued adairist wher candidates, 4 
-Syntactic Theory of Mind” (STM). It is 
= introduced in these words: 
-The basic idea of the STM is that the cognitive 
= states whose interaction is (in part) responsible 
for behaviour can be systematically mapped to 
abstract syntactic objects in such a way that 
causal interactions among cognitive states, as 
well as causal links with stimuli and behavioural 
events, can be described in terms of the syntactic 
properties and relations of the abstract objects 
to which the cognitive states are mapped. More 
briefly, the idea is that causal relations among 
cognitive states mirror formal relations among 
syntactic objects. If this is right, then it will be 
natural to view cognitive state tokens as tokens 
of abstract syntactic objects. 


I do not find this altogether intelligible, 
and not just because I fail to understand 
how objects can have a syntax. I do not 
really grasp how a theory such as this (how- 

ever elaborated) could illuminate mental 
processes, and particularly the ways in 
which they go wrong in real life. However, 
-it will be retorted (rightly) that the theory is 
not really a theory at all, but a kind of pro- 
legomenon for a cognitive theorizing. One 
might suppose, then, that it is meant to bea 
methodological prerequisite for research, 
on the analogy with the methodologies for 
behaviourism which were proposed in the 
1940s and 1950s. But there seems to me an 
interesting difference between them. The 
philosophers of science who analysed the 
concepts of behaviourism, as well as the 
concepts of the physical sciences, based 
their research on the use of the concepts 
within the theories. Philosophers of mind 
tend to ignore previous theory and appeal 
to their own insights, conjectures and intu- 
itions, paraded forth in a series of pregnant 
sentences. There is nothing wrong with 
this, and it is often quite effective in advan- 
cing an argument. But the logical precision 
achieved in this way is also likely to be 
much more puzzling to the non-specialist 
than was the more discursive work of some 

of the great philosophers of the past. 
There is a real danger that philosophers 
will end up talking only to each other and 
abandon their traditional role of protecting 
us from conceptual confusion. My doubt 
about the present book is whether its thesis 
will be of interest to experimentalists. It is a 
doubt rather than a verdict. Although 
Stich’s arguments are nearly always com- 
pellingly precise, I am unsure whether they 
are consequential, or merely dazzling 
moves in an intellectual game. In the nature 
of things, they will not be readily settled 
because assertions about states of mind are 
not to be verified like assertions about 
= nerve impulses. So while this book may be 
= of interest to philosophers and to cognitive 
-x “scientists, it remains uncertain whether it 
= will help the rest of us in trying to find out 
i more about mental processes. E 
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Analysis of Scientists’ Discourse. 
By G. Nigel Gilbert and Michael Mulkay. 


Cambridge University Press: 1984. Pp. 202. 


Hbk £22.50, $37.50; pbk £7.95, 312.95. 





OVER the past decade, a close descriptive 
approach to scientific behaviour has 


revived interest in the cognitive and social | 


dimensions of contemporary scientific 
knowledge. Following in this direction, the 
Pandora investigation focused on a recent 
controversy in biochemistry. The study is 
based on intensive interviews with 34 bio- 
energists in the United States and Britain, 
as well as on a sample of their correspon- 
dence and a reading of the literature in the 
field between 1960 and 1980. This period 


| witnessed the rise of competing theories to 


explain how the crucial ATP molecule was 
able to move and temporarily store energy 
in living cells. In 1978 Peter Mitchell was 
awarded a Nobel Prize for chemistry for his 
work on the role of oxidative phosphory- 
lation in ATP formation. 

However, research by the authors indi- 
cated that members of the ‘‘ox-phos’’ 
community, as it is called, were far from in 
agreement about what exactly had been 
discovered in chemiosmotic research, 
about the empirical validity of the various 
bits of evidence, and about the respective 
parts played by the leading contributors. In 
their travel between the various biochemi- 
cal laboratories, Gilbert and Mulkay 
report they were struck by the fact that 
although they realized that they were being 
given radically different accounts by par- 
ticipants of what ‘‘really’” had happened, 
each account seemed, on its own, plausible 
and convincing. 

Rather than trying to find out who was 
‘really’? correct and who was in error, the 
sociologists, not being in the business of 
second-guessing biochemical questions, 
turned their attention to what they describe 
as ‘‘discourse analysis’’. This is what opens 
Pandora's Box. Discourse analysis 


requires that the sociological observer | 


remains neutral as to who is ‘‘actually’’ 
correct, the object being to determine how 
the respective participants produce and 
maintain their own sometimes contradic- 
tory versions of reality in the face of what 


-would seem to be a set of invariant natural 


facts. 

The Pandora investigation was not 
undertaken as a critique of science, for 
Gilbert and Mulkay go well beyond observ- 
ations of how scientists selectively expose 
themselves to natural facts and selectively 
perceive and retain them. The heart of their 
inquiry is the observation that scientists 
employ two repertoires or codes of dis- 


course for talking about how nature is dis- 


covered. The familiar empiricist frame of. 





ind explains p Poe as s following ı nat Is 


scientists ie agency — is- c 





“contingent”? repertoire in which p 
is traced to unique, subject 2 
situationally specific factors. Gilbert & 
Mulkay illustrate the use of these two con- 
flicting repertoires in a fascinating contras 
between the informal factors. that : 
fluenced the investigation and interpre- - 
tation of ‘‘ox-phos’? experimental data — 
reported to them in interviews, and the _ 
formal rationality provided in the earlier _ 
published articles of the same researchers. 
Rather than siding with the informal. 
‘inside’ story as the true one, they instead — 
stress that the accounts given of actions _ 
vary with the needs of the circumstance imn 
which they are produced. Different- 
accounts draw from the original experience 
in different ways depending on th 
formality or informality of the situation 
Having made a convincing case for i 
existence of two separate repertoires 
reporting the progress of chemiosmo 
theory, the authors then go on to suggest 
that these repertoires are employed’ t 
explain the differential acceptance =: 
scientific beliefs across the communi 
While one would expect that consen: 
ought to follow closely the reading of | 
facts, this is not the case. The evide 
shows that scientists typically ground th 
own beliefs in empiricist discourse, a 
following from the experimental results 
while explaining the position of oppone 
in the contingent repertoire: oppone 
wrongly interpret the facts because of su 
jective bias, experimental incompetenc 
theoretical ignorance — and even nation: 
origins! This switching between the t 
repertoires virtually guarantees U 
opponents will talk past one anotl 
According to the authors, the devic 
saves the community from solipsism is ne 
belief that in the end ‘“‘the truth will out 
though how, when and in whose fav 
one can determine beforehand. — 
Other highlights of this work include 
outstanding analysis of the ten 
between the virtual versus the fictio 
elements in scientific drawings of the 
chemiosmotic mechanisms. One infor- 
mant dubs them ‘‘working conceptual 
hallucinations”. There are also discussions © 
of consensus and the significance of 
scientific humour. Each of these topics is 
explored usefully in the context of the two- 
repertoire dichotomy. While based on a — 
single scientific speciality, the lessons of 
this investigation probably have wide cur- 
rency in all areas of science, a 
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n you work or study in a field which is changing as 


fast as spectroscopy and chromatography it's not easy to _ 


keep up-to-date with all the new developments. New 


instruments are constantly appearing on the market and : 


new techniques are being evolved in one of the fastest 
rowth areas of modern science. 


These dictionaries of chromatography and O Fa 
already highly acclaimed in their previous edition, will 
nable you to: 


* broaden your knowledge of new products and 
instruments 


* obtain rapid explanations of new terms and 
techniques 


relate your own speciality to other areas 


check symbols and equations quickly and 
efficiently | 


A Dictionary of Spectroscopy covers such areas as 
atomic spectroscopy, emission spectroscopy, electron 
_ spin resonance, infrared and ultraviolet spectroscopy, 
nuclear magnetic resonance, photoelectron 
spectroscopy. photo luminescence, mass spectroscopy 
and Raman spectroscopy. 


< A Dictionary of Chromatography covers gas 
chromatography. gas liquid and gas solid 
chromatography, liquid chromatography, paper 
- chromatography and thin layer chromatography. 


< Both dictionaries are clearly illustrated with over 50 
-drawings and diagrams and give numerous references for 
further specialised reading. 


To order, just fill in this form and send it today. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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EDITIONS 


U.S. and Canada: John Wiley. 605 Third Avenue. New York, 
NY 10158 


U.K. and Rest of World: Macmillan Press Reference Books 
Division, 4 Little Essex Street. London WC2R 3LF 


Please send me 

E copies of A Dictionary of Spectroscopy (U.S. ISBN 
0 471 874787: U.K. ISBN 0 333 31670 3 at $39.93/£15.00 
each. 


a 


copies of A Dictionary of Chromatography (U.S. 
ISBN 0 471 874779, U.K. ISBN 0 333 31667 3) at 
$39.93 /£15.00 each. 


US: plus applicable sales tax and postage and handling o 
LLK. and Rest of World: plus p & p charge of £1.50 IUK} £2.50 joverseas} 
each book ordered ve 
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month s new products include a filter holder for co 
usposal of hazardous waste. 








-@ The colony hybridization technique 
= used in identifying bacteria in a large 
_ population which contains specific cloned. ee 
- nucleic acid fragments can be made simpler | 
with the Schleicher & Schuell MV 08210 | = 
-filter holder, Lysing, chloroform treat- |- 
ment, washing before and after hybridi- | 
zation, and hybridization itself can be ‘a 
carried out on the membrane-blotted | 
replica colonies in the filter holder. 
Colonies are prevented from merging into 
each other when the holder is used. The 
apparatus is self-sealing and fitted with a 
ml capacity stainless steel funnel, 
ble for fitter diameters of 82/87 mm. 
No. 100 on Reader Service Card. 
The MS II is a sophisticated stimulator 
produced by World Precision Instruments 
ne. It is microprocessor controlled and all 
ulus parameters are entered using a 
meric key pad. All keystroke entries are 
nenu-prompted on a sixteen-character 
ipha/numeric display. Stimulus protocols 
-be assembled using any of eight pre- 
rammed or eight user-defined wave- 
1s. MS HI will store up to eight proto- 
ols in battery backed-up memory and may 
interfaced with a computer via its RS232 















































A new filter holder (left) 
for temperature control. 


e No. 101 on Reader Service Card. 
he Sera-Lab range of monoclonal 
ibodies now includes the mouse mono- 
+ Monoclonal mouse peroxidase anti- 
erOxidase antibody (catalogue no. 
P-2000). Like the rat mono-PAP already 
ailable, this gives a sensitive method with 
Ow nonspecific background Staining 
demonstrating immunoreactive sites. 
le No. 102 on Reader Service Card. 
tatron Scientific B.V. of Dieren, the 
herlands have introduced a new series 
shotometers, called the IFP and the 
ISP. The IFP is fitted with a flexible cuvette 
system that can hold either four cuvettes or 
a Vitatron draincell, and which can be 
thermostatted through a waterbath. The 
SP is equipped with a flow-cell for low 
glumes, suitable for routine analyses. 
Both photometers incorporate a complete 
ange of procedures and calculations for 
both kinetic and endpoint measurements. 
Kinetic measurements can be carried out as 
either an integral of the curve with a check 
on linearity, or as two-point measurement, 
Its can be calculated using reagent 
ample blank corrections. 
103 on Reader Service Card. 


battery power supplies. 
Circle No. 104 on Reader Service Card. 


cell types and methods of cell cultivation, 
including cell suspension, microcarriers, 
hybridoma and plant cells. Agitation is 
produced gently by a marine-type pro- 
pellor driven by Magnetic coupling to 
eliminate any penetration of the 
fermentation chamber. Automatic 
temperature control within 0.5°C jis 
achieved by a proportional controller 
balancing the output of an electric heating 
unit with the flow of a cool water 
circulating system. 

Circle No. 105 on Reader Service Card. 

















tes are based on information provided 
m rs. For further details circle 
umbers on the Reader Service 
ië journal, 








@ The Newport Model 875 high-speed 
PIN photodetector has broad spectral 
sensitivity from 400 to 1,060 nm and sub- 
nanosecond risetime. The detection area is 
large and is easy to align in a beam. An 
optional optical fibre input is available. 
The Model 877 ultra-high speed APD 
photodetector has rise and fall times of less 
than 200 picoseconds. It is useful for 
characterizing laser diodes as it is designed 
to detect and resolve ultra-short pulses of 
visible light. Both feature rechargeable 





@ Marubishi bench-top cell cultivation 
fermentors for animal and mammalian 
cells are now available in the United States 
from Bioengineering Associates Inc. These 
fermentors are suitable for a wide range of 





The new stimulator from World Precision Instruments (left and Ne 


é gs for waste , filters for hybridization 


lony hybridization and autoclavable bags for the — 





) makes colon y hybridization simpler, and the Omega CN2010 does the same 


@® New from Pharmacia P-L. 
Biochemicals, ‘‘Gene cartridges’? are a — 
group of promoters, antibiotic resistance — 
genes and multi-site linkers used to custom- 
tailor cloning vectors to the customer’s 
specifications. The range includes cloning 
vectors, oligonucleotides, molecular 
biology enzymes and restriction nucleases, | 
all listed in the Pharmacia PL “Product ; 
Reference Guide’’. 
Circle No. 106 on Reader Service Card. 
@ The new Omega CN-2010 programmable 
temperature controller features a “ramp 
and soak” function, which controls the 
temperature and its rate of change over a 
predetermined time span when more than 
one temperature is required to complete a 
process. Up to eight ramp and soak 
intervals can be programmed, each with a 
time duration of up to 254 repeat cycles. .. 
The CN-2010 has a multisetpoint function 
that allows presetting of up to nine 
independent setpoints. The controller 
accepts any standard thermocouple, RTD 
sensor, d.c. voltages up to 200 V or d.c. 
currents up to 200 mA. It will also interface 
with a host computer via an RS-232C, 
RS-422 or 20 mA current loop, allowing the 
user to access all input parameters and 
output values and assume direct control of 
outputs. 
Circle No. 101 on Reader Service Card. 


ports’ photoderec 




























Polypropylene disposable -bags 
autoclaving and sterilizing contaminated 
_products are available from Sarstedt Inc. 
~The bags are printed with prominent bio- 
hazard labels and come in three sizes. They 
can be autoclaved at up to 148°C. 

Circle No. 108 on Reader Service Card. 

® Tekspensor adjustable volume 
dispensers from Tekmar use micrometer 
adjustment for precise repeatability to dis- 
pense volumes from 0.4 to 100 mi with no 
mechanical slippage. Accuracy and repro- 
ducibility are better than + 0.1%. The 
dispensers are made of chemically inert 
materials and the calibrated piston, suction 
tube and ejection tube are PTFE coated to 
minimize freezing problems associated 
with all-glass dispensers. 


E Circle No. 109 on Reader Service Card. 


© @ The Bio-Rad Model 1305A variable 
„wavelength UV monitor is a detector 
~ designed for chromatographic applications 
which require high sensitivity with low 
noise and drift. The monitor provides 
digital readout of absorbance, trans- 
mittance, or photo detector output 
independent of the recorder. The standard 
deuterium lamps allow a 190 to 350 nm 
wavelength range. The monitor may be up- 
graded by adding the optional tungsten 
lamp which extends the range from 350 to 
600 nm. Sensitivity is selectable in eleven 
steps from 0.005 to 5.12 ABS/full scale. A 
time constant switch permits selection of a 
fast or slow response time. The monitor 
features separate electronic and optical 
modules to conserve bench space, and 
convenient interchangeable cassette-type 
flow cells for analytical, preparative, 
microbore, ultra-microbore and classical 
open column chromatography. The Model 
1306 UV monitor is a simpler device for 
applications which require detection in the 
190 to 350 nm wavelength only. The optical 
and the electronic components are located 
in the same unit, which makes this detector 
more compact than the Model 1305A. 
Circle No. 110 on Reader Service Card. 

@ Chromatographic data can be acquired, 
analysed and reported using the new 
Adalab chromatograpy data system, 
Chromatochart and an Apple H computer. 
Data can be acquired from capillary and 
packed column gaschromatographs, 
HPLCs, gel scanners, TLC densitometers 
and amino acid analysers. It integrates and 
provides LC gradient control on four 
channels simultaneously, storing methods, 
raw data and reports on floppy disk. 
Circle No. 111 on Reader Service Card. 

è The new shaking waterbath from Haake 





Buchler Instruments Inc. is designed for | 


gently agitating laboratory samples while 
holding them at a controlled temperature, 
as well as for specialized uses such as 
thawing frozen plasma or whole blood. 
The entire volume of the stainless steel bath 
is usable, since the heater and sensor are 
mounted below the bath. A large area 
. heater reduces hot spots and provides even 
` heating throughout the bath. 
Par? le No. 112 on Reader Service Card. 


for) | 












The Sarstedt disposable bag for waste ( top) 
Beckman’s new pH meter. 


@ New from the National Appliance 
Company is a thermostatically-controlled 
waterbath capable of maintaining tem- 
peratures of 100°C when operated with or 
without a cover. Thermostatic controls 
allow use at lower temperatures, as well. A 


limiting thermostat protects the heater | 


element from low-water conditions. 
Circle No. 113 on Reader Service Card. 

è Falcon Labware has introduced new 
17 x 100mm round-bottom tubes for use in 
the collection processing, storage and 
centrifugation of biological specimens. 
The tubes have graduations for easy 
volumetric reference and are available 
fabricated from either polypropylene or 
polystyrene. The tubes are delivered sterile 
with a patented dual-position cap. The first 


position closes the tube but permits aerobic | 


culturing of microbiological specimens. 


The second position fully seals the tube | 


allowing it to be used for specimen storage 
and centrifugation. 
Circle No. 114 on Reader Service Card. 


è Standardized nucleic acid and immuno- 


logical reagents for oncogene research are 
now obtainable from the North-London 
based company, Stratech Scientific Ltd. 
These highly purified, sequence specific 
DNA fragments have been designed for use 
in nick translation reactions and for the 
detection of oncogenic sequences by 
nucleic acid hybridization. Also available 
are antibodies for the detection of onco- 
gene protein products and related antigens. 
Circle No. 115 on Reader Service Card. 


A programming of all instrument pa 
meters. Operating from 190 to 380 nn 
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ength UV d r permit 


Mode! 116 features a sensitivity ran 
0.001-2.0 AUFS adjustable in incrememt E 
of 0.0001 AUFS. The user can monitor at o 
two different sensitivities simultaneously; 
Other features include a build-in keypad 
and computer interface. ETR 
Circle No. 116 on Reader Service Card. ©) 
è Human leukocyte interferon (@-IFN). - 
intended specifically for AIDS research 
can now be obtained from Schwarz-Mann. 
It is prepared from normal human buffy 
coat cells induced by Sendai virus, purified. . 

by a modified Cantell method. The _ 
preparation is free of Sendai virus when 
assayed by haemagglutinin after serial 
passage through chicken eggs, and isf reeof oo 
hepatitis B surface antigen. Anti-human. 5 
interferon a, purified human leukocyte 
interferon (a-IFN) and anti-human 
interferon B are also available. oe 
Circle No. 117 on Reader Service Card 
© The Beckman PhI 40 bench-top p 
meter is a simple-to-use instrument fo 
accurate pH measurement in quality 
control, environmental and resear 
laboratories. A custom-designed 
integrated chip gives the meter th 
sophistication of more costly models whil 
making it easy to use. Most measurement. 
steps are automated for nearly unattended 
measurement and simple operation. It has 
error and out-of-temperature-range 
warnings; always displays temperature 
and does temperature computations wit! 
or without an automatic temperature com 
pensation (ACT) probe. It features i 
digital-to-analog converter for simplifier 
recorder setup. 3 
Circle No. 118 on Reader Service Card. 








































The Bio-Rad 1305A (top) and Tekspens 





ew research results, the very latest international science 
ews, key papers by the world’s leading scientists and 
seed of publication ensure Nature remains one of g : 
oremost weekly scientific journals in the world. $ @ 
But if you’re tied in toa circulation list at g 
., all this vital weekly information will 
adoubtedly reach you late, often incomplete 
and sometimes not at all. 

With your own personal copy, you solve 
roblem. Every week you'll have all the E 
atest research results and science news in your 
ands within days of publication: 

News reports from throughout the world of 
Science and technology. 

A News and Views section, where new ideas are 
analysed and discussed by leading researchers. _ 
Articles and Letters in which key investigators 
disclose their work for the first time. _ = 
Book Reviews— Eminent figures offer expert judgments 
n a wide variety of recent publications. 














o longer be dependent upon other people 

the ‘list’ copy, and because you will 

receive every issue, you won’t risk missing a 

rough absence from work. Moreover, you 
information for permanent reference. 























Subscribe now—and save! 
Become a personal subscriber now and 
pye, you will receive a discount of 
* se over 50% off the full rate. 
All 51 weekly issues. 
will be delivered to the 
address of your choice. You can — 
start your annual subscription 
-with any issue you choose. And 
you will receive six bi-monthly 
author indexes, together with the 
annual index of subject and author. 
All this for just $2.12 a week. 
Place your order now and make 
certain that you receive the scientific 
news and research results crucial to 
| your work when you want them. 
[i accept: Please send me a personal subscription to Nature for one 
year (51 issues) at the special rate of US$I10. l 
|_| Lenclose my personal check for US$110 made payable to Nature. | 
(Note: Institutional checks cannot be accepted at this special rate. 
The institutional price is US$230.) 
|_| Please charge to my credit card account. 
Visa/ Mastercharge/ American Express. i 







































Account no. 

Card Expiry Date 
Signature 
Name 
Address 






Please return this form to: | 
Nature 

Subscription Department 
— PO Box 1018, Manasquan 
New Jersey 08736 

This offer applies in the USA 
and Canada only. Please allow 
approximately 4 weeks for 
delivery of your first issue. 


Date. natu. | 
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SAN FRANCISCO JJHS (415) 392 6794 © PASADENA JJHS BR 9 = 
Becta CHICAGO Didier & Broderick (312) 498 452) © BOSTON CEL Assoc (617) 848 9306 H a A 
= CANADIAN OFFICE TORONTO Peter Drake 17 Pine Crescent, Toronto, Ontario M4E 1L1 (416) 690 2423 
LONDON OFFICE Keith Walesby 4 Little Essex Street, WC2R 3LF Telephone 01-240 1101 (Telex 262024) 
2: RATES USA and Canada — $75.00 per inch. $10 U.S. is charged for the re-direction of replies to advertisements with a box number: 
“CONDITIONS. The Publisher reserves the right to refuse, amend, withdraw or otherwise deal with all advertisements submitted to him äthis { 
absolute discretion and without explanation. The Publishers will not be liable for any loss occasioned by the failure of any advertisement to. 
appear from any cause whatever, nor do they accept liability for printers’ errors, although every care is taken to avoid mistakes. cae 


iss 


CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 


NIVERSITY OF ABERDEEN 
DEPARTMENT OF 
FORESTRY 
RESEARCH ASSISTANT 
(Ref 2) 


equired for a 15-month NERC- 


unded project on tissues and proto- 
plast culture of alder and birch as part 
ofa wider study of the application of 
technology to the improvement of 
t trees. Candidates should have 
ood honours degree in Botany, 
ochemistry or allied discipline with 
yerience of in vitro culture 
ods. 


Salary on the Range 1B scale for 


‘esearch and Analogous Staff 
£6,310 — £8,530) with appropriate 
placing (scale under review). The ap- 
yointment is tenable until December 
985. 

Further particulars and applica- 
ion forms from The Secretary, The 
Jniversity, Aberdeen, wHh whom 
applications (2 copies) should be 
lodged by 27 July 1984. Please quote 
Ref No2onapplication. (G067)A 


THE UNIVERSITY 
OF MANCHESTER 
DEPARTMENT OF 
ASTRONOMY 
MANAGER OF THE 
STARLINK NODE 


Applications invited for the above - 


post to manage the Manchester Nade 
of the Starlink network. Duties will 


involve the smooth running of the | 


node, to assist users with problems 


| and to contribute in the development 


of software for the Starlink project. 


Applicants should have a degree in 
a numerate subject, at least three 
years of relevant computing 
experience. An interest or back- 
ground in Astronomy would be an 
advantage. Post tenable initially for 
two years from October Ist, 1984 or 
as soon as possible thereafter. 


Salary range pa: £7,190 — £11,615 
(Superannuation). Particulars and 
application forms (returnable by July 
20th) from the Registrar, The 
University, Manchester M13 9PL. 
Quote ref IS1/84/N. GOS58)A 


HARVARD UNIVERSITY 
PEABODY MUSEUM 
DEPARTMENT OF 
ANTHROPOLOGY 
seek applicants for a newly- 
endowed Landon T Clay 


PROFESSORSHIP OF 
SCIENTIFIC 
ARCHAEOLOGY 
Applicants should have well 
established archaeological interests 
and be scientists with active research 
programs. In addition to pursuing 
his/her own research, the appomtee 
will be encouraged to develop and 
direct a laboratory engaging in varied 


| applications of the natural sciences to 


archaeological problems. 


Women and minority group can- 
didates are especially encouraged to 
apply. 

Send detailed vita to Chairman, 
Department of Anthropology, Har- 
vard University, Cambridge, MA 
02138, by November 30, 1984. 

(NW644D)A 


£22K: Bonus: Car 


Smith Kline and French is a leading 
international pharmaceutical Company 
with a substantial commitment to 
research and development in the UK. 
Our laboratories at Welwyn, Herts are 
well equipped and amongst the most 
advanced in our field. 

As part of our thrust towards the 
discovery of new medicines we are 
looking for a man or woman to join our 
team and contribute to the further 
development and direction of our 
cardiovascular research programmes. 

The person we need should have 
experience in aspects of intracellular 
control of cardiac and/or vascular 
function and who can combine a range 
of scientific understanding to the 


' cessful candidate will be req 


UNIVERSITY OF LEICESTER _ 
SCHOOL OF MEDICINE 


TEMPORARY 


| LECTURESHIP IN ANATOMY 


Applications are invited for a Tem- 
porary Lectureship in the Depart- 
ment of Anatomy. tenable for one. 
year from} November 1984. The suc- 
have a knowledge of top 

anatomy. The post is suita 

scientist wishing to embark 

career in anatomy or for a med 
qualified graduate intendin 

the Primary FRCS. 


Initial salary will depend: 
qualifications and experience 
scale £7,190 to £14,125 4 
review). ee 


Further particulars fror 
Registrar, University of Le 
University Road, Leicester. 
TRH, to whom applications shi 
be sent on the form provided b 
July 1984. (3037 


solution of problems in this challenging © 7 


area of research. 


Applicants should possess a suitable 
qualification in life sciences combined 
with substantial research experience 
obtained in either academia or industry. 
There is plenty of scope for personal 


development. 


Please ring 07073 25111 extension 
3540 for further information or an 
application form or send a detailed cv 
(ref no N/973/TF) to Dr T E Forster. 


SMITH KLINE &FRENCH RESEARCH LIMITEI 
The Frythe, Welwyn, Herts AL6 9AR. 





tions are invited for ap- 

ent to the following lec- 
reships tenable not before 1 
ruary 1985 for a fixed term of five 


alary (under review) $A24,353 to 
1,994 p.a. 


urther information about the 
University and advice regarding the 
method of application should be ob- 

ed from the Secretary-General, 

ocation of Commonwealth 

versities, 36 Gordon Square, 

don WC1H OPF, England, or 
from. the Registrar, Macquarie 
University, North Ryde, New South 
Wales 2113, Australia. 


Applications close 3 August 1984. 
ECTURER IN BIOLOGY 


ECULAR BIOLOGY, 
__ SCHOOL OF 


k will be given to aa P 

ce in recombinant DNA 

for Po vector con- 
i 


i ithe asin research 

hin the school currently 

plant physiology/bio- 

irology (particularly of 

of Ding developmental 
o Ete ee H 


of. marsupials. The | 


‘Physiology Unit of the 
“Food Research is also 
the School and regularly 
in collaborative projects. 


sssful candidate will be ex- 

sist in the teaching of 

ři radu te courses (mainly at the 
vel) and to supervise 
research students. Fur- 

mation about the position 
obtained rom Professor DW 


ies of the appointee will in- 
aching in physics to honours 
evel (some teaching in elec- 
may also be required) and 
of research in Physics in- 
p graduate research super- 

PE research interest 


NIVERSITY OF 
~~ AUCKLAND 
NEW ZEALAND 
DEPARTMENT OF PSYCHIATRY 
AND BEHAVIOURAL SCIENCE 


AN ASSOCIATE- 
PROFESSORSHIP IN 
BEHAVIOURAL SCIENCE 


Closing date: 1 October 1984. This 
position, which has been created to 


head the Behavioural Science Section | 


within the newly combined Depart- 


ment, involves the organisation and | 


administration of the five year 
Behavioural Science teaching pro- 
gramme within the present medical 


course. Candidates should hold a | 
doctoral level qualification in a- 


Behavioural Science discipline such 
as Psychology or Sociology. Prefer- 
ence will be given to those with ex- 
perience of teaching Behavioural 
Science in a medical context, and ex- 
perience of teaching Behavioural 
Science in clinical settings would be 
an advantage. The successful appli- 
cant will be expected to undertake 
substantive research work in 
Behavioural Science or Behavioural 
Medicine and organisational or 


leadership experience would be | 


desirable. 


DEPARTMENT OF 
PHARMACOLOGY AND CLINICAL 
PHARMACOLOGY 


A LECTURESHIP/SENIOR 
LECTURESHIP (NON- 
MEDICAL) IN 
PHARMACOLOGY 


Closing date: 3ist August 1984. 
Candidates must hold a PhD degree 
in pharmacology, physiology, 
biochemistry or a related discipline. 
Preference will be given to-candidates 
with experience in teaching in 
practical classes in Science 
pharmacology. Candidates with 


experience in teaching in practical — 


classes in Science pharmacology. 


Candidates should have proven | 


ability to teach and conduct 
independent research. Preference 
may be given to those with a research 
interest in one of the following areas: 


pharmacokinetics, drug metabolism, 
applied cardiac or autonomic 


pharmacology or neuropharma- 
cology, adenosine pharmacology or 
metabolism. 


Commencing salaries will be 


| established within the appropriate | 
scale. Present scales are: Associate | | 


Professor is NZ$37,896 per annum; 


Senior Lecturers NZ$27, 088-$30, 127 


per annum; and Lecturers 
NZ$21 ,660-S$25, 684 per annum. 


Salaries are currently supplemented | 
by an $8 week cost-of-living | 
allowance. Conditions of Appoint- | 


ment and Method of Application are 


available from the Assistant | 


Registrar (Academic Appointments), 
University of Auckland, Private Bag, 
Auckland, New Zealand, or from the 
Secretary General, 


Commonwealth Universities 


| (Appts), 36 Gordon Square, London | 
WCIH OPF. Applications in 


Association of | 


BIOTEC 


Celltech is one of the World's leading specialist 
biotechnology companies. Based in the UK. The 
Company i is backed by four major City of London 
inancial institutions. A strong scientific team hasn Y 
been built up in the areas of recombinant-DNA and 
cell-hybridisation and continued expansion is 
envisaged; close links are also maintained with the © 


- academic community. The Company aims to exploit 


the potential of discoveries arising in the field of- 
biotechnology, and commercial successes have 
already been achieved in several areas. 


MOLECULAR BIOLOGISTS | 


We require post- -doctoral molecular biologists (or 


_ Graduates expecting to obtain a PhD this year) toj oi 


our molecular biology and immunology divisions. The - 
successful candidates will be involved in the cloning © 
and sequencing of genes coding for commercially . | 
important proteins. Expertise in isolationand handling ; 
nucleicacidsis desirable, Previous experience inthe- 
preparation and cloning of cDNA will be an | 
advantage. | 
Please quote reference number 208. 
MOLECULAR GENETICS 
A position is available in the Molecular Genetics 
Department fora post-doctoral Scientist tojoina Group 
developing novel mammalian gene expression © 
systems. Experience with viral vectorsor ampli able 


genes is desirable. 
Please quote reference ce number 206. 


GROUP L LEADER 


We are currently seeking an experienced pe: person to : 
lead our protein microsequencing facility. The post ` 
will involve research into sequencing methods, _ 
interactions with recombinant-DNA project teams 
and an involvement in downstream processing and — 
quality control. 

Please quote reference number 207, 


TECHNICIF N IN HYBRIDOMA 
Immunology 


We are currently seeking a technician to make 
monoclonal antibodies within our Hybridoma group. 
Experience in tissue culture is essential and 
knowledge of serological assays and fusion 
techniques would be advantageous. 

This position would suit an HNC/HND or first degree 
applicant. 

Please quote reference number 208 


To apply, please send a full C.V. to Jane Walley, 
Personnel Officer, Celitech Limited, 
244 Bath Road, Slough, Berks. SL1 4DY 


quoting the appropriate reference number. __ ae 
 (3078}A 





international 


ASS SPECTROMETRY 
Inveresk Research International Limited, an expanding contract 
research organisation, now has the following vacancy within its 
area of Analytical Chemistry: — 


RESEARCH OFFICER/ 
MASS SPECTROMETRY 


This vacancy is for a chemist conversant with the use of mass- 


pectrometry in the analysis of biological samples. Applications 


clude the development of GC and HPLC separation techniques | 
nd the identification and measurement of drugs and metabolitesin | 


body fluids, 


The successful candidate will assume responsibility for a Finnigan | 


“mass spectrometer and data system, and will liaise with 

h groups in metabolism and chemistry. 
its should have a PhD in applied mass spectrometry in the 
gical sciences or should be graduates with similar experience. 
ary will be on the scale £7,599 to £9,033 or £8,811 to £10,485, 


placement depending upon qualifications and relevant — 


rience. In addition, the Company offers modern staff benefit 
hemes, including free private health care, and pleasant working 


nditions in a rural setting close to Edinburgh. Relocation | 


issistance may also be provided, where appropriate. 
‘ull details in writing should be forwarded to the Personnel 
Department, Inveresk Research International Limited, 
nveresk Gate, Musselburgh, quoting reference 1440. 
(W1087)A 


PHLS Centre for Applied — 


Microbiology & Research | 


Microbial Technology 
Laboratory 
MOLECULAR GENETICIST 
A Molecular Geneticist is required to 
join a group in the Microbial Tech- 


nology Laboratory concerned with 


all aspects of cloning and gene 
expression. Systems under investi- 
gation include the cloning of bac- 


terial genes of potential commercial - 


interest, the sequencing of viral 


genomes and the cloning of | 


eukaryotic genes, 


Occupational Health. 


seeking a Senior Resear 
logist with expertise 
methodology, and basi 
toxicology. The 

an MD or a PhD degre 


to obt: 


Candidates should have an appro- |. 


priate honours degree and post j 
| graduate experience in Molecular | 
Genetics with preferably some 


experience in the cloning and |. 


expression of eukaryotic genes, 
Salary will be either in the Basic 


Grade £6,277 — £8,349 or Senior | does no 


Grade £9,010 — £11,649 Microbiolo- 
gist scale as appropriate. National 
Health Service terms and conditions 
will apply. 

Further details on the nature of this 
post can be obtained by contacting Dr 


| N Minton, Microbial Technology 
Laboratory, CAMR, Telephone 0980 


610391. 

Application forms can be obtained 
from Mrs M Bushby, Personnel 
Officer, CAMR, Porton Down, 
Salisbury SP4 0JG and should be 
returned together with a curriculum 
vitae and the name of two referees. 
Closing date will be 13th July 1984. 

(299) A 


Micropalaeontologist 
Based Aberdeen 


We currently have an interesting opportunity within our Stratigraphic 
Laboratory in Aberdeen for an applied micropalaeontologist (specialising in 


Foraminifers). 


The post will ideally suit candidates, with up to 3 years’ post doctoral industrial/ 
academic experience, who are looking for a challenging appointment with close 


multi-disciplinary interaction. 


The successful candidate will join a team of BP biostratigraphers who currently 
operate in Canton (China), Aberdeen and in the BP Research Centre, Sunbury- 
on-Thames, Middlesex. 


An attractive remuneration package includes a non-contributory pension 
scheme, subsidised restaurant, on-site sports and social facilities and relocation 
assistance where appropriate. 


Please write in detail, quoting reference SR 2618 to: Anne Hendry, The British 
Petroleum Company pic, BP Research Centre, Chertsey Road, Sunbury-on- 
Thames, Middlesex. 


(3097)A 


Occupational Medicine. and 
cology, San. Francisco. 
Medical Center, 1001. F 
Avenue, Bidg 30, Sth Flo 
Francisco, CA 94110 
821-5200. ee ee 
Applications must ber 
August 10, 1984. (NW 


UNITED MEDICAL A? 
DENTAL SCHOOLS 
GUY’S AND ST THOMA 
HOSPITALS © 
UNIT FOR METABOLIC MEDI 
DEPARTMENT OF MEDICIN 
HOSPITAL MEDICAL SCHO 
SCIENTIFIC O 
Applications are invited. 
graduates in Bioche 
Biological Sciences for 


| funded post within. th 


Metabolic Medicine (Dir 

fessor H Keen). The appoint 
join a small group working o 
macrovascular complication 


portant role in a current. stut 
vestigating the efficacy of hypolipi- 
daemic drug therapy ir 
dyslipidaemia. The work involves 
lipid and lipoproteia separation anc 
analysis using ultracentrifugation, 
enzymatic autoanalysis. and im 
munological methods and includ 
technical assistance at patient clinic 


Salary during the first year of 
pointment according to age on 
£4,.674—£4,818 per annum, 
after one year’s satisfactory ser 
to £5,491 per annum, plus £1,042 pe 
annum London Weigl 
scales under revision): 


Applications, i 
qualifications, experi 
names of two refere 
dressed to The $ 
Hospital Medical Se 
Bridge, London SE 
y 12th July, 1984, 





Ibourne, Australia — 
3NTRE FOR EARLY 
D DEVELOPMENT 


niversity Council wishes to ap- 
Director to the Centre for 
Human Development follow- 
e appointment of the present 
Mrector, Dr J E Maloney, to a posi- 
ion at the University of Calgary, The 


984. 


The Centre is situated at the Queen 
th 


elopment OSC is approx- 
square metres, excluding 


jared with the University 


entre for Early Human 
nent was established in 1978 
e research on prenatal 
atal development and at 
omprisés. an. established 
iplinary -team working on 
of cardiorespiratory 

y in the period surrounding 
e new. Director would be re- 
ure the continuance of 


earch in early human 
Opportunities exist for 
th. Departments of 

» both at Queen Vic- 

| Centre and at the adja- 


epartments of the Medical 
medically qualified Direc- 
ave the opportunity of 

clinical responsibility in 
expertise. 


pointment is for five years in 
nstance. Enquiries about the 

h ty of Medicine 
Professor G C 
the Faculty of 


utside studies programmes, 
ind removal. allowance, and 
ry housing assistance. 


matión on application pro- 


nd further particulars may be | 


ined from the Registrar, Monash 
sity, Clayton, Victoria 3168, 
a, or the Secretary General, 
1 of Commonwealth 
(Appts), 36 Gordon 

ion WCIH OPF. 


should reach the 
ater than 15 August 

. reserves the right to 
ointment or to appoint 


at 


ion will be vacant as from 1 July. 


FACULTY OF 
VETERINARY MEDICINE 


DEPARTMENT OF 
VETERINARY PATHOLOGY 


Applications are invited from 
veterinary graduates for the post of 
lecturer in Pathology. 


The Department has an integrated 
approach to research and teaching in 
all aspects of Pathology (immun- 
ology, microbiology, morphological 
pathology) and has considerable ex- 
pertise and facilities for work in these 
areas. The person appointed will be 
expected to contribute to teaching in 
pathology, to share the service com- 


f | mitments in diagnostic pathology 
(including post mortem work) and to 


undertake further research training 


in pathology leading to a higher 
- degree (PhD or MRC Path if this has 


not already been obtained). 


The salary scale is £7,190 — 
£14,125 but initial appointment will 
not exceed £8,975 with first incre- 
ment on October Ist 1984, 


Six copies of application with the 
names of 3 referees should be sub- 
mitted to the Secretary to the Uni- 
versity, Old College, South Bridge, 
Edinburgh from whom further parti- 
culars can be obtained. Closing date 
for applications 13th July, 1984. 
Please quote Reference No. 1140. 

| (2909) A 


PRINCESS MARGARET CHILDREN’S 
MEDICAL RESEARCH FOUNDATION | 


Perth, Western Australia 


CLINICAL | 
MUNOLOGIST | 


(Joint Clinical and Research Appointment) 


The Princess Margaret Children’s Medical Research “Foundation 
(CMRF) seeks suitably qualified applicants for a joint appointment to 
the Foundation's Clinical Immunology Research Unit (CIRU) and the 
Princess Margaret Hospital's (PMH) Clinical Staff. eee 
Applicants are sought with F.R.A.C.P. or equivalent qualification, 
preferably in Paediatrics, and research experience in- Clinical 

Immunology. ee eee 
The salary level and status of the appointee will be commensurate 


with their joint responsibilities (1) to the Director of the. CIRU : 
Research Fellow/Senior Research Fellow for research re , 
bilities within the Unit (conditions as per NH & MRC, plus clinic: 
loading) and (2) to the Medical Director as Clinical Staff Specialist f 
Clinical and Laboratory service responsibilities (salary in accordant 
with the West Australian Metropolitan Teaching Hospitals. Agree 
ment 1978 — Clinical Staffs). For further information contac 
Professor K J Turner (Director, CIRU) by telephoning (09) 382 8592 
or Dr D R Fry (Medical Director, PMH) on (09) 382 8241. ë 
The appointment will be for an initial period of three years, afte 
which the basis for renewal or permanence will be determined.” 
Applications, including curriculum vitae and the names and 
addresses of three referees should be submitted to Mr K 
Williamson, Secretary, CMRF, GPO Box D184, Perth, W.A. 6001, 
by August 31st, 1984. . 


(W1080)A - 


Exp erimental Biol og ct 


Helminth Chemotherapy 


Starting salary in the range £8,700 — £10,700 


Beckenham 


The Wellcome Foundation Limited is a major group of pharmaceutical and chemical com panies with 
headquarters in the UK and a turnover close to £700m. 


Our Departrnent of Biochemical Parasitology at Beckenham now requires an experienced research 
Biologist to join its strong muitidisciplinary team of biochemists, physiologists, chemists and 
parasitologists engaged in the research and development of new medical and veterinary 
anthelmintics. You will be expected to design and operate assays for the evaluation of anthelmintics 
and to undertake independent research within the framework of our research programme. 


A first degree in Biological Science and a PhD in parasitology are essential, possibly with 1-2 years’ 
post doctoral research experience. You will have a keen interest in the field of chemotherapy, and 
will enjoy both interacting in a team and independent work. 


Appointment will be for a period of 12 months in the first instance with chance of renewal. 


Excellent benefits include 5 weeks’ holiday, pension and life assurance scheme, subsidised canteen 
and first class sports and social facilities. 


Please write with full cv, quoting ref WRL/ 284, to Dr HD Avshu, Personnel 
Officer, The Wellcome Research Laboratories, Langley Court, Beckenham, 


KentBR33BS. oa. 


(3098) A 





Toxicology 


Health and Welfare Canada 
Health Protection Branch 
Ottawa, Ontario 


Sect teeta sec ene eee EO 
We require experienced senior toxicologists to fill 
several positions in the Toxicological Evaluation 
Division. We will expect you to validate, review 

and evaluate reports on a range of toxicity studies 

on chemicals in the food supply, such as pesticides, 

food additives and chemical contaminants. You will 
become involved in the assessment of potential 
hazards and risks to public health. Employment in 
the division offers unique opportunities to gain 
diversified: toxicological advisory experience in a 
government setting and to have input in the 
extensive research program. 

You require a university degree with 
specialization in a biological science such as 
toxicology, pharmacology, biochemistry, with 
experience in laboratory animal toxicity studies 
and bioassays. In addition, you need experience in 
reviewing and evaluating reports on toxicity 
studies and in conducting health hazard and risk 
assessments. Some positions also require additional 
experience in preparing recommendations based 
on toxicological evaluations and health hazard 
assessments. Language requirements vary according 
to the position being filled. 

We offer a salary ranging from $31.791 to $48.935 
commensurate with your qualifications and 
experience. 


Forward your résumé and/or application 
form, quoting reference number 
§-84-31-0293-47JG-( G26), to: 
J. Girling (613) 993-5331 
Public Service Commission of Canada 
Ottawa, Ontario KIA 0M7 
Closing Date: 20 July 1984 
Tout renseignement est disponible en francais en 
s'adressant a la personne susmentionnee. 


(NW634)A § 


Canada 


: 2 The Public Service of Canada is 
-an equal opportunity employer 


DIRECTOR 
Goodwin Institute for Cancer Research 


Applications are invited for the position of director. This chief 
executive scientist, reporting to a Board of Trustees, is responsible 
for the development of research programs, supervision of 
operations, and governmental and industrial relations associated 
with grants, contracts, and fund raising. The director is encouraged 
to conduct personal research. 

The Institute, chartered in 1959 as a private, non-profit medical 
research corporation, moved into 30,000 square feet of new, well- 
equipped laboratories in 1980. The building also houses a Primary 


=> Genetic Center for specific pathogen-free rodents operated under 


contract with the National Cancer Institute. Current staff numbers 


.. 40 persons and annual budget is $2 million. 


= Candidates should have a Ph.D., D.V.M., or M.D. and be qualified 
to apply current biotechnology to studies of the molecular nature of 
experimental cancer induction, growth, and control. Administrative 
e -is essential, publications and. acquired support are 
maginationisuseful. = | 

h Commi oodwin Institute for 


E 


SHIP 


f Applications are invited for the 
position of Chairman of the 


Department of Chemistry at 
Washington University, St Louis, 
MO. Applicants should have a strong 
research program, and proven 
teaching and administrative 
experience. 


Interested scientists should submit 
a complete curriculum vitae and a list 
of at least three individuals who can 
be contacted for references to: 
Chairman, Chemistry Search 
Committee, Box 8094, Washington 
University School of Medicine, 660 


South Euclid Avenue, St Louis, MO | 


63110. 


Washington University is an Equal 
Opportunity Employer M/F/N/V 
(NW626)A 


IMPERIAL COLLEGE 


NORTH SEA OIL 
RESEARCH 


Applications are invited for an ex- 
panding programme of research into 
reservoir and recovery problems 
related to North Sea oil fields. In- 
dustry sponsored post graduate and 
post doctoral posts are available. 


The research involves theoretical 
and experimental investigations into 
the flow of fluids through porous 
media and model networks. 


Enquiries to Dr. Richard Dawe, 
Mineral Resources Engineering 
Department, Imperial College, 
London SW7 2BP. Tel: 01-589 5111 
Ext. 1555 or 1537. (3018)A 


UNIVERSITY OF 
PENNSYLVANIA 
SCHOOL OF 
VETERINARY MEDICINE 
CHAIR OF 
THE DEPARTMENT 
The University of Pennsylvania is in- 
viting applications and nominations 
for the Chair of the Department of 
Clinical Studies (Philadelphia) in the 


School of Veterinary Medicine. 


Duties are the fostering of creative 
scholarship, teaching and clinical 


training, and leadership of the facul- | 


ty not only in traditional university 
pursuits but also in the operation of a 
major urban teaching hospital. This 
Chair offers an unexcelled oppor- 
tunity for academic leadership in 
clinical veterinary medicine. 


‘Nominations may be informal. 


Applications should include a cur- 
riculum vitae and the names of three 


„referees. 


Communications should be ad- 
dressed by Sept 30, 1984, to Dr DS 
Kronfeld, School of Veterinary 
Medicine, University of Penn- 


sylvania, 382 West Street Road, Ken- 


nett Square, P A 19348. oe 


| Horticulture. 


PO 
i 


nce desirec 
Salary range: $18,000 to $20, A 


| depending on capability and past. 


perience. 1 year appointment: 
available now with possibility of 2- 
3 year extensions. z 


Send curriculum vitae, brief _ 
description of research interest and 
names of two references. to: N Go 
Ibraham, PhD, Department 
Medicine, New York Medical C 


lege, Valhalla, NY 10595. 
(NW 


UNIVERSITY OF READ 
SUB-DEPARTMENT OF 
HORTICULTURE 2 


GRADUATE RESEARC: 
OFFICER _ 


required for fixed period o 
year to carry out investigati 
horticultural products 
supervision of the Pr 
Applicants should be gr: 

plant sciences, botany, hort 
or other relevant science. Salary 
£6745 p.a, (under review). 


Apply quoting ref.R27A fora 
cation form to Personnel Of 
University of Rei 
Whiteknighis, Reading are 

(30! 


RESEARCH INSTITU 
HEAD OF |. 

MOLECULAR BIOLQ 
Applications are invited for a n 
post of Head of the Division 
Molecular Biology, the ap 
to commence | October. 
successful candidate w 
become Head of the Departme 
Biochemistry, and would~ le 
vigorous team investigating ti ebi 


* a 


chemistry and genetics of. '5 eral 


important exotic animal e 
including foot-and-mouth. dise 
bluetongue, and African swine feve 
viruses, n 


Candidates should. have a high 
academic research record inthe mole- 
cular biology of viruses and proven 
skills of leadership. pone 


Salary in scale of £16,343-£20 
(Grade 6 previously known as 
Principal Scientific Officer). | 
leave and non-contributory su 
annuation schemes. 25 das 
holiday. House may be avai 
suitable married a 
successful applicant ma 
financial assistance -w 
expenses. The AVR 

























‘BIOCHEMISTRY 
ARCH OFFICER 


ons are invited for the post 
t Research Officer to work for two 
years.on a project investigating the 
je of oxygen radical mediated 
protein modification in the patho- 
genesis of rheumatoid arthritis. The 

ost is based in the School's Depart- 
ment of Medical Biochemistry and 
will involve close collaboration with 
the Rheumatology Unit. Candidates 
üld have a degree in Biochemistry 
related discipline. 


Commencing salary £6,310 per 
annum: on the scale for University 
Research and Analogous Staff Grade 
£6,310 — £8,530 per annum). 

rther particulars (quoting Ref. 
‘M6/116) available from the 
r and Secretary, Welsh 
nal School of Medicine, Heath 
Cardiff, CF4 4XN (Tel. No. 
755944 Ext. 2296) to whom 
tions in the form of a curricu- 
itae with the names and 
sses of two referees should be 
) later than 3 weeks after the 
of the appearance of this 
sement. BOLIDA 



























































" TISSUE CULTURE 
is available at the Tissue 
Laboratory of a horticultural 
West Chicago, Hlinois. 
lifications for the position 
or BS in horticulture or 
area with a strong back- 
mterest in plant tissue, 
protoplast culture. 
resumé to: Dr Irwin Chu, 
Ball, Inc, P O Box 335, 
1ago, IL 60185. 
(NW635)A 























NIVERSITY COLLEGE 
< OF WALES 
ABERYSTWYTH 
POSTDOCTORAL 
ESEZ ‘RCH: MICROBIAL 
_ PHYSIOLOGIST 
plications are invited for a Post- 
octoral post funded by the SERC 
iotechnology Directorate, and con- 
tned with biotransformations by 
ecies Of Clostridium. The applicant 
oin.an established research 
up led by Professor J G Morris, 
dying fermentation processes in 
\erobic “bacteria maintained in 
ch and continuous flow culture. 
ormal enquiries may be made of 
, ouglas Kell by telephoning 
11, Ext 3055. 

ointment will be for up to 3 
nthe starting date, 
mimience not later than | 
The salary scale is 
oper annum {under 





























tion forms and further par- 
be obtained from the 
cer, The University Col- 
‘Old. College, King 
th, SY23 2AX (Tel 
107).Cor ter 
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SPECTROSCOPIST 
The California 
Technology is seekin | 
Spectroscopist for the NSF South- | 
ern California Regional NMR fac- 
lity, beginning in August. The 
_involves aiding the 

anager in daily operation, NMR 
methods core research & instru- 
mentation development, and colla- 
borative projects with users. The | 
facility has a Bruker WM-500 and a 
home built 200 MHZ solids spectro- 
meter and is staffed with student 
tors & electronics. technician, 
in Chemistry or related dis- 
line & research ex 
R spectrosco 
have command o 
į cations of modern 
scopy, including 2-D, l 
Qualified applicants. are 
encouraged to send a résumé 
with salary history to Super- 
-| [visor of Employment, Position |. 
| }No 228. Caltech, Pasadena, 


Institute of 
an NMR) 


perience in 
y required, Must 
theory and appli- 
NMR spectro- 









The Department of Zoology of the British Museum (Natural History), has ir 
its charge the national collections of all recent animal groups other than the 
Insecta. Its pre-eminent position as a centre for research in systematic zoology 
springs from the immense scale and diversity of these collections (enormously ` 
rich in type and other historically important material), and their provenance, 
and trom the special responsibilities and opportunities which derive from the 
Museum's national and international obligations in science. 


Supported by two Deputy Keepers, the successful candidate will controland | 
co-ordinate the work of some 96 staff, including 87 scientists, responsible for 
the care, maintenance and documentation of the collections in their charge, and 
research and the provision of identification and advisory services. Senior members 
of staff are authorities of international standing in their fields, and, exploiting a 
range of techniques, their research work is concerned principally with descrip~_ 
tive and revisionary taxonomy, the elucidation of phylogenetic relationships < 

| and the study of evolutionary patterns and ~ 
processes. | 


As a scientist of high professional 
standing, the Keeper will provide academic 
E leadership to the Department and will have the capacity to 

Yi motivate a highly productive staff force to further success. ~ 
é | By keeping abreast of current scientific developments, he/she ` 
will formulate and develop research 
policies and will play an important role 
in a ‘collegiate’ system of top management 
which, while preserving the ultimate 
authority of the Trustees and the Director 
involves Heads of Departments in form- 


ing and sharing responsibility for policy decisions which set the course for the 
whole Museum. 





Candidates should normally have a good honours degree or equivalent 
(including overseas) qualification in Zoology or an allied discipline, and experi- 
ence in the development, management and direction of research programmes, = 

Appointment will be as Grade 6 (formerly Senior Principal Scientific Officer), 
with starting salary (including £1250 Inner London Weighting) £16,855 rising — 
to £22,040. SALARIES UNDER REVIEW. 


For further details and an application form (to be returned by 20 July 1984) 
write to Civil Service Commission, Alencon Link, Basingstoke, Hants RG21 JB, 
or telephone Basingstoke (0256) 68551 (answering service operates outside 
office hours). Please quote ref: $/6249. (3075)A 


The Civil Service is an equal opportunity employer 


British Museum (Natural History) | 









MRC BRAIN METABOLISM UNIT 
Edinburgh 
Organic Chemist 








chemistry in the laboratory of Dr R.C. Sheppard ( 
Molecular Biology) may be offered to a suitable candidate ` 
although highly. competent in organic chemistry, has no spe 
expertise in peptide chemistry. | 


The person appointed will work in close association with the Molecu 









synthesis, release and mechanism of action of peers pices: in 
mammalian brain. The appointment will be short-term. ( 






university non-clinical academic staff. 












-1 George Square, Edinburgh 7 
applications and the names and addresses of three refere 
‘sent. to Mrs A... Milligan, Administrative Offi er, MR 
-Metabolism Unit, Department. of Pharmacology, 

Fridav Julh 9? oT. 





sto 


















Square, Edinburgh EH89JZ bv 













































The MRC Brain Metabolism Unit invites applications from suitably. 
qualified chemists for the post of Organic Chemist with special.’ 
expertise In the synthesis of neuropeptides and appropriate analogues. _ 
Candidates of immediate post-doctoral or equivalent status will be- 
preferred. A period (minimum 3 months} of Yanini in the peptide. | 

MRC Laboratory of © 






Biologists in the Unit who are interested in the mechanisms of 


« a ` . . . `. ears 
Remumeration will be at an. appropriate point on the scales for 


Further details can be obtained from the Director, Dr G. Fink, © 
MRC Brain Metabolism Unit, vepar moni of Pharmacology, 
EH8 9JZ, Four copies. of 
























CORPORATE BIOSCIENCE GROUP 
























PLANT MOLECULAR BIOLOGY 


POST DOCTORAL 
RESEARCH FELLOW 
AND GRADUATE 
RESEARCH SCIENTIST 


‘Two vacancies have arisen in the Plant Molecular Biology Group at 
-ICI's Runcorn Laboratories, The successful candidates will join a 
-- grnall team investigating plant gene structure and function. This 
-group is part of a large molecular biology and biochemistry team 
“with long term research goals in mammalian and plant biology. 


The successful applicants will join established programmes working 
on the isolation and characterisation of phenylalanine-amonia lyase 
genes from French bean, and polygalacturonase genes from 
pening tomatoes. The post-doctoral fellow is expected to have 
experience in cloning genomic DNA, DNA sequence analysis, 
spmapping etc. The research scientist should have a sound 
actical knowledge of modern molecular biology techniques. Both 
positions are available immediately. The starting salary for the 
graduate will be minimum of £7,000 plus benefits. The position of 
- post doctoral research fellow is initially available for a 2 year period 
cand the starting salary will not be less than £9,500 depending upon 
: experience. 






















Applications including a CV please to 
Miss E H Lauermann, Personnel Officer, 
PO Box No. 11, The Heath, Runcorn, 
Cheshire by 26 July, 1984. (3004A 



















INSTITUTE OF 
CANCER RESEARCH 


The Institute of Cancer Research has the following technical 
_ vacancies in its Drug Development Section based at Sutton, Surrey. 


~ RESEARCH OFFICER 


The successful candidate will join a small team studying the 
mechanism of action and general pharmacology of novel antitumour 
agents. Candidates with a degree or equivalent (MIBiol) in the 
biological sciences, particularly i in biochemistry and pharmacology, 
are invited to apply. Salary in range £6,204 — £8,126 p.a. plus 
London Allowance of £623 p.a. Ref 301/ B/ 49. 


TECHNICIAN 


The successful candidate will join a small team studying the 
mechanism of action and general pharmacology of novel antttumour 
agents. Facilities are available for further study and the successful 
applicant will be encouraged to exploit these. Candidates with an 
HNC or equivalent in the biological sciences, particularly in 
biochemistry and pharmacology, are invited to apply. Salary in range 
£5,491 — £6,436 p.a. plus London Allowance of £623 p.a. 

Ref. 301 B/ 50. 


-Technician 


This vacancy is for an Organic Chemistry Technician. The successful 
- Candidate will be invited to join a smali multi-disciplinary group 
concerned with the synthesis and evaluation of quinazoline-based 
_antifolates as potential cancer chemotherapeutic agents. Applicants 
should possess a degree or equivalent and preferably laboratory 
experience in general heterocyclic organic chemistry. Salary in range 
£5,491 — £6,436 p.a. plus London Allowance of £623 p.a. 

Ref. 301 B/ 51. 


Applications for any of the above posts should be sent in 
‘plicate site giving tp names; eaha ei nie pl 








(305914, 


CONSULTANT 





We are a rapidly growing biotechnology firt.« 
manufacturing and selling enzymes and other 
process aids to the food and drink industries: 
worldwide. Our manufacturing facilities: are 
located in Western Europe and we are currently 
engaged in expanding our fermentation capacity 
substantially. We are seeking the services of an 
experienced fermentation technologist to act as 
consultant. 


The responsibilities of this consultancy will be Ae 
two-fold (1) to oversee/advise on the 
commissioning of our new plant and (2) to 
contribute technically at the pilot and production | 
scale to the optimisation of microbial (bacterial — 
and fungal) fermentation processes currently 
under development. | 



















































Application and correspondence should be 
submitted to the undersigned below and _ 
will be treated in strictest confidence. Keith — 
Walesby, Bio/ Technology, 4, Little Essex 
Street, London, UK, WC2R 3LF. 


(W10078)A 


Deputy 


Director General 
INTERNATIONAL COOPERATION 


The International Center for Agricultural Research in the Dry Area: 
(ICARDA) with headquarters in Aleppo, Syria, invites application 
for the Position of Deputy Director General — memak iot 
Cooperation. 


Responsibilities: Responsible directly to the Director Gne for: 
1. Developing policies on matters relating to the- “Came S: 
international relationships. | 
2, Establishing and strengthening collaborative links with i ë 
agricultural research and training programs in the region (Ma 
and Pakistan) and where appropriate, in less developed cou ires: 
elsewhere in the world. he 
3. Developing research and training linkages with regional 
international organizations and centers and with approp 
resource institutions in advanced countries. i 
4. Establishing and monitoring the execution of cooperatv A 
agricultural research and training projects. 
5. Supervising the regional offices of ICARDA (currently. Cairo 
Tunis, Amman, Beirut). 

6. Assisting the Director General in contacts with Governments i a 
the region and with donor organisations. 


Qualifications: 

1. Ph.D. degree in an appropriate field of agricultural research. 
2. A minimum of five years in research leadership position. 

3. Wide international experience and proven leadership ability. 
4. A good knowledge of the Near East and North Africa region 
5. Fluent in spoken and written English essential. Roo 
Arabic and/or French very desirable. — 


Conditions of appointment: | 
international tax-free salary based on background and ¢ 
use of car, allowance towards housing, annual home. 
contributory medical insurance scheme, pension fund ( 
in USA). Re 
Candidates should send two copies of their curriculum: vi 
names of three referees by airmail jake reference DIF 





errand 


MOLECULAR 


Department of Biochemistry, Faculty of Medicine, McGill 
niversity is seeking three or four highly qualified individuals to form 
research group with interests in the applications of molecular 

genetics to medically relevant topics. All positions are tenure track 
at the level of assistant or associate professor. Candidates should 
have a minimum of two years postdoctoral experience and 
demonstrated excellence in the application of recombinant DNA 
technology to animal cell systems. Each new member is expected to 
develop a separate, vigorous and competitive research program. 

Positions will be tenable after April 1, 1985. 
pplicants are invited to send a complete curriculum vitae, 
Opies of recent publications and the names of three 
eferences to Dr. C.P. Stanners, Department of Bio- 
hemistry, McGill University, 3655 Drummond Street, 

ontreal, Quebec, Canada H3G 1Y6. 

accordance with Canadian immigration requirements, priority 
vill be given to Canadian citizens and permanent residents of 
da; however others are encouraged to apply. INW612)A 


PATHOLOGY AT THE ANIMAL 
EALTH TRUST, NEWMARKET 
terinary pathologist with relevant post graduate qualifications, 
with experience in equine pathology, is required. The 
applicant will be expected to coordinate routine pathology, 
pecific investigations in relation to disease incidence and 
€ collaborative research. Good facilities are availble and 
supporting staff are in post. The position offers good 
ies for an enthusiastic and progressive approach. 


nge £13,515 to £16, 925. Further details from the Director, 
jeaith Trust, Balaton Lodge, Snailwell Road, 
et, Suffolk CB8 7DW. Applications including a 
rand list of publications should be submitted before 
, 1984. (2986) A 


EOROLOGICAL OFFICE AND OXFORD UNIVERSITY 
OBERT HOOKE INSTITUTE FOR ATMOSPHERIC RESEARCH 


-SCIENTIFIC 
GOMPUTING SPECIALIST 

Department of Atmospheric Physics, Oxford University, and the 
rological Office, are forming a joint institute for atmospheric 
arch to be named the Robert Hooke Institute. The work of the 
institute will include satellite meteorology, atmospheric/ocean 
modelling for climate research and advanced instrument development 
id data analysis for space projects of various kinds. It will be equipped 
ith computing facilities based on PDP 11/70 and 2 VAX 11/750 
ocessors with. image display and other advanced peripherals, and 
iccess to mainframes at the University computing centres of 
1, London and Manchester and to the IBM 3081 / CYBER 205 at 

Bracknell. | 7 
The creation of the Institute provides an opening for a computer 
acialist interested in joining a lively scientific organization in the 
ant of research using measurements from space. The successful 
nt wi Xpected primarily to manage and develop computing 
nstitute’s research programmes, particularly satellite 
but he or she will also be encouraged to participate in the 
Experience with DEC hardware and software would bea 

tage. | 
he University Research Support grade 1A scale, 
the range £7, 190-£11,615 p.a. plus membership of 
heme. The appointment will commence on 16 July 

reafter as is convenient. 


Dr. F.W. Taylor, Department of 
don Laboratory, Oxford 0X1 3PU. 


çulum vitae and the names and || 


ett PPC eeeeesreeeceeresesecer eoeee oo eee 
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Research 
Biochemi 
Opportunity fora 
young graduate 


Roche Products Limited, part of F Hoffman-La Roche Company 
AG, and a world leading research-based pharmaceutical company, 
wish to strengthen their team working on rheumatic and 
inflammatory diseases, This has produced an excellent career 
Opportunity for a young biochemistry graduate to work in the 
Applied Biology Department. 

As part of a small multi-disciplinary team, the successful candidate 
will be working in a modern laboratory within a new special _ 
purpose research building — offering an excellent environment 

in which to develop individual skills and pursue a career in 
advanced research. 


To qualify applicants must be recent first degree graduates with 
an active interest in the control of celi growth and dev ment. 
Exposure to the techniques used in protein purification would be 
particularly advantageous. an 
in return we offer an attractive salary and benefits to be 

expected of a world leading pharmaceutical company. 

Please send curriculum vitae to Mrs M.L. Clewley, Personnel 
Officer, or telephone Mrs D.M, Turner, Welwyn Garden 
City (07073) 28128 ext. 2129, for an application form. 

Roche Products Ltd., PO Box 8, Welwyn Garden City, 
Herts. | 

AL? 3AY. 
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Hybrid Parent Development 
Nickerson RPB Limited 


An experienced wheat breeder is required to initiate work on the 
development of parents suitable for F1 hybrid wheat production. 
This new challenging position requires an imaginative breeder who 
is willing to work on his own initiative, but closely with other 
breeders and breeding support teams as part of a small team. The 
location is at Rothwell, Lincolnshire, but candidates must be willing 
to travel, particularly within Europe. Knowledge of one or more 
European languages would be an advantage. 


The successful candidate is likely to have a BSc or PhD and be 
currently involved in wheat breeding or closely related work. Fresh 
graduates need not apply. 


Salary and conditions of employment will be commensurate with 
responsibility as you would expect of a major commercial breeding 
company. 


Please write or telephone for an Application Form to :- 


The Group Personnel Department 
The Nickerson Seed Company Limited 
The Joseph Nickerson Research Centre 
Rothwell 
LINCOLN LN7 6DT. Tel: Swallow 471 


The Nickerson _ 
Seed Company Ltd 


reeder 


ecececccece eceececcccce 





— At the School of Sciences at the Technische Universitat 

-Braun-schweig (Braunschweig Institute of Technology) and 
at the Gesellschaft für Biotechnologische Forschung GmbH 
in Braunschweig- Stéckheim (Institute for Biotechnological 
Research, GBF} four positions are open for professorships in 
the fields of: 


1. Biological process engineering 

2. Microbiology 

3. Enzyme Technology 

4. Genetics 
The successful applicants for each of these positions will be 
offered a chair as Professor at the Technische Universitat 
Braun-schweig and then will be delegated to the GBF to 


-become head of a department. The GBF is a large research 
‘center, supported by the Federal Government. 


The heads of departments in the GBF will be expected to 
work in one independent research field and shape the GBF’s 
joint research and development programmes. The TU 
Braunschweig expects active participation in the new 
programmes of biotechnology and biological process 

“engineering. 

Applicants must have a Ph.D. in Science or Engineering and 
-should be highly qualified in one of the above noted fields, 
-documented by a distinct research record and teaching 
“experience. 

Applications should be sent to the following address not 
later than August 15th, 1984: 


Ber Vorsitzende der Naturwissenschaftlichen 
Fakultät der TU Braunschweig, PockelsstraBe 14, 
D-3300 Braunschweig, 


i who will give further information on special request. 
| (W1079)A 


PROFESSOR OF BIOSTATISTICS 
HARVARD SCHOOL OF PUBLIC HEALTH 
This position is to lead and enlarge the Department of Bio- 
statistics’ current research and teaching program in statistics 
and the environment. Candidates should have an 
outstanding research record in biostatistics and an interest in 
problems of the environment and health. Candidates should 
have made significant contributions to statistical 

methodology. Strong teaching credentials are essential. 

_ Applications from qualified minority and female candidates 
> are particularly encouraged. 

-= Candidates should send a curriculum vitae, statement 
of current and future interests, and the names of at 
= feastthree individuals who would be willing to respond 
-toa request for evaluation to: 

Professor Donald F. Hornig 


| quote Ref 84/N.) 


CHAIR OF ANA | 

Applications are invited for a 
Chair of Anatomy from 1 October 
1984 or such other date as may be 
arranged. Salary is £19,416 per | 
annum or, if medically or dentally 
qualified £20,301 per annum with 
contributory pension rights under 
FSSU or USS; an additional 
payment may be made by the 
Eastern health and Social 
Services Board on a sessional 
basis for any hospital services 
undertaken over and above Uni- 
versity duties. 
Further particulars may be 
obtained from the Personnel 
Officer, The Queen's Univer- 
sity of Belfast, BT7 INN, 
Northern Ireland. Closing 
date: 31 July 1984. (Please 
{3084} A 


WASHINGTON STATE 
UNIVERSITY 


RESEARCH COORDINATOR 
PhD in biochemistry or related areas 
to provide day-to-day guidance to a 
research group composed of post- 
docs, graduate students and tech- 
nicians working on enzymology and 
molecular biology related to lipids 
and other natural products under the 
direction of P E Kolattukudy. 

Send, by August 15, 1984, a 
complete CV and references to 


Director, Institute of Biological | 


Chemistry, Washington State Uni- 
versity, Pullman, WA 99164-6340. 
WSU is an Affirmative Action/ 
Equal Opportunity employer. 
(NW618)A 


UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF 
CHEMISTRY 


TEMPORARY 
LECTURESHIP IN 
INORGANIC CHEMISTRY 


Applications are invited for a 
temporary lectureship in Inorganic 
Chemistry, tenable for one year from 
| September 1984. The lecturer will 
be required to give lectures at both 
elementary and advanced levels in the 
undergraduate course, to take lab- 
oratory classes, and to undertake 


| research in collaboration with an 


existing research group. Applications 
will be particularly welcome from 
candidates having research 
experience in organometallic 
chemistry. 


The appointment will be made in 


the salary range £7,190 to £8,530 per | 
| annum (under review) on the lec- 


turer’s scale, with USS benefits. 
Further particulars of this post 


may be obtained from the Chairman — 


of the Chemistry Department, 
Professor P A H Wyatt. 


Applications (two copies pre- 
ferably in typescript) with the names. . 
of three referees should be sent to the - 


{A 


pplicatior 


post of Head of- h 


Biochemistry, and would leas 
vigorous team investigating the: 
chemistry and genetics of ‘sev 
important exotic animal disea 
including foot-and-mouth > diseas 
bluetongue, and African swine fev 
viruses. : 


Candidates should have a high 
academic research record in the mole- 
cular biology of viruses and pro 
skills of leadership. , 


Salary in scale of £16,343-£20. 
(Grade 6 previously known as Se 
Principal Scientific Officer 
leave and non-contribute¢ 
annuation schemes. 25 
holiday. House may be a 
suitable married applicant. 
successful applicant may qu. 
financial assistance with 
expenses. The AVRI is a! 
opportunity employer. 


Application forms fre 
Secretary, Animal Virus. R 
Institute, Pibright, W 
GU24 ONF. Tel: 0483-2 
Closing date for applicatio 
July, 1984. is 


UNIVERSITY | ; 
OF GLASGOW | 
BIOTECHNOLOGY U 
POST DOCTOI] A 
BIOCHEMIST | 
required to work on a 3-1 
funded jointly by SER 
Limited, to investigate 
biology of oxytetracyc 
in commercial strain: 
myces rimosus, which 
levels of the antibiotic. — 


The project will ch 
levels of expression of 
to antibiotic resistanc 
expression signals in high 
producing strains, and inv 
biochemical mechanism 
resistance. Biochemical analy 
export of antibiotic out of 
also be undertaken. 

The position provides: al 
tunity to work on a comme 
relevant topic, in close asso 
with an industrial group. = 


Candidates with: 
chemical backgrou 
recombinant DN; 
encouraged to ap 
geneticist is alread 
biochemist will have 
to acquire recomb 


Initial salary — 


‘Starting date up t 


Further: 





-C BIOLO 


Ogist- and an organic (car- 
'drate) chemist to participate in 
urification, isolation and 
terization of biologically in- 
ng- complex carbohydrates. 
pplicants should have the 
squivalent. of a Bsc or MSc in Plant 
_ Biology, Biochemistry or Chemistry. 
: g salary (between $14,000 and 
10) will depend on experience. 
niv, of Colorado is an affir- 
~action/equal opportunity 


ications. should be sent to 

ill or Peter Albersheim, 

of Chemistry, Univ of Col- 

pus Box 215, Boulder, 

0309, The applications 

uated August 15, 1984, 

later applications will be 

fered if the positions have not 
ille (NW627)A 


dartment of Bio- 

nd. Molecular Bio- 

University of Chicago, 

58th Street, Chicago, Ii 
12/ 962-1087. (NW645)A 


lions are invited for a 

Assistantship to work 

=J Russell on the 

‘membrane changes in 

Ralophilic bacteria 

ion to altered salinity. 

will ‘involve membrane 

isolation/characterisation, 

hemical: enzyme assays and 

GLC analysis. Candidates 

d have. graduated in 

emistry, microbiology or a 
‘related subject. 


pointment, which is for 
1s funded by a grant 
> and Engineering 

, and there will be 
ration with the 
Ottawa. Salary RA 

10 — £7,190 per 

to commence Ist 
84. 


(2 copies), including 
ae; together with the 
sses of two 
¿sent to the 
University 
ardiff.CF 


TEMPORARY 
LECTURESHIP IN 
VIROLOGY 
Applications are invited for a 
temporary lectureship in the 
Department of Biological Sciences 
available for up to five years from 
October 1984. The successful appli- 
cant will become a member of the 
Virus Research Group and will be 
expected to undertake research in 
some aspect of virology and to 
Participate in the teaching 

programme of the department. 


The research programme of the 
Group is focussed on the general and 
molecular biology of several RNA 
viruses, defective particle-mediated 
interference, and the regulation of 
interferon synthesis. The position 
provides a career development 
opportunity for a young postdoctoral 
scientist with interests in immuno- 
logical and molecular approaches to 
control of virus infection. Appli- 
cations are invited from persons with 
experience in any aspect of molecular 
biology or cellular immunology, 

The initial salary will be within the 
first six points of the lectureship 
scale: £7,190 to £9,425 pa. Further 
particulars and application forms 
from the Registrar, University of 
Warwick, Coventry CV4 7AL, 
quoting Ref No 46/A/84/0. Closing 
date for receipt of applications 20th 
July, 1984. GBOO1)A 


UNIVERSITY OF DUBLIN 


Trinity College 


LECTURER IN 
LABORATORY ANIMAL 
SCIENCES/ MANAGER, | 

WELLCOME RESEARCH 
ANIMAL LABORATORIES 


Applications are invited for the 
above post at Trinity College, 
Dublin. 


The successful candidate, whol 
should be a veterinary surgeon, will 
be expected to be responsible for | 


the management of the centralised 


laboratory animal! facilities of thel- 
University, it is anticipated that the | 
person appointed will become] 
involved in research projects and in | 
the teaching of Laboratory Animal | 


Sciences to students. 
Appointment will be made on the 
Lecturer scale, at a point to accord 
with qualifications and experience 
to date. 


Application forms and further par- 
ticulars relating to this appointment 
may be obtained from: 

Establishment Officer 

Staff Office 

Trinity College 

Dublin 2 

Tel: 772941 ext 1775 


(IOSIA: 


Glos. GL102BJ. 


willbe 13th] | Po 
ee eee 


$A25, 342-$A37,274 
DIVISION OF PLANT INDUSTRY 

CANBERRA ACT , 
CSIRO conducts scientific and technological research in = 
laboratories located pg eri Australia and employs about 7,500. 
staff, of whom some 2,900 are professional scientists. The — 
Organization's research activities are grouped into five Institutes: 
Animal and Food Sciences, Biological Resources, Energy and Earth 
Resources, Industrial Technology and Physical Sciences. The 
CSIRO Division of Plant Industry is a member of the Institute of 
Biological Resources. 
FIELD: Photosynthesis. Sale 
GENERAL: The Division conducts fundamental and applied 
research on problems relevant to plant biology and agricultural .« 
production. One research program is concerned with- 
photosynthetic processes: the molecular organization and ` 
regulation of photosynthetic membranes, the mechanism and. 
significance of C4 pathway of carbon dioxide fixation and primary 
productivity in aquatic ecosystems. ji 
DUTIES: To undertake research on the relationship between the 
molecular organization of chlorophyll-protein and electron- 
transport complexes, thylakoid membrane structure and ` 
photosynthetic capacities in plants adapted to different li ht 
climates or stressed conditions. The aim is to determine what 
regulates and potentially limits photosynthetic yield as a 


prerequisite to understanding how crop production might. be 
improved. j 
QUALIFICATIONS: A PhD degree or equivalent qualification inan 
appropriate field with relevant research experience. D 
TENURE: A term of three years. Australian Government 
superannuation benefits are available. : 
APPLICATIONS: Stating full personal and professional details, the. 
names of at least two referees and quoting reference No A4715,. 
should be directed to: | oi 

The Chief | 

CSIRO Division of Plant Industry 

GPO Box 1600 

CANBERRA ACT 2601 

AUSTRALIA 
By July 27, 1984. 


CSIRO is an equal opportunity employer. 


SEPARATIONS 
TECHNOLOGY 


Amicon Wright Limited is a small, highly successful UK subsidiary of a 
major American group at the forefront of separations technology. > 
Continuing growth in manufacturing and developing industrial 
chromatography equipment has now created a vacancy for an 
applications technologist. 


We are looking for a person who can not only combine theoretical and 
practical ability, but aiso work in close collaboration with engineers in 
order to develop and evaluate new products. This is an ideal 
opportunity to contribute your own ideas within a lively and practical 
development team. 


You will be qualified to degree or equivalent level with experience: of. 
high performance liquid chromatography systems, ideally within a` 
commercial environment. | 


We are able to offer excellent career prospects allied to an attractive, 
negotiable salary, plus relocation assistance in appropriate cases. 
Candidates should send career details to: k 


Mrs S Creswick, 
Amicon Wright Ltd., 
Upper Mill, Stonehouse, 


am 





/ ZOOLOGICAL RECORD 


- Candidates should possess a degree in Zoology or an allied subject, 
where zoology forms part of the degree course. Some linguistic 

< ability and/or previous indexing or abstracting experience would be 
an advantage. 


The Zoological Record is an annual bibliography of the world’s 
zoological literature, availble both in printed form and as an online 
database. 


=" Duties of the posts, which are based in York, include scanning and 
“indexing the literature to produce input for a computer based 
| operation. 

~ Salary starts at £5,600 for a 35 hour week. Other benefits include 4 
` weeks paid annual holiday, non-contributory pension and Company 
-sick pay scheme. 
Handwritten applications, giving full details 
of qualifications, career to date, referees, 


etc., should be sent, to arrive no later 
than 13 July, 1984, to: 


Administration Manager 
BIOSIS, U.K. LIMITED, 


Garforth House 
‘64 Micklegate, York, YO 1LF. 


BIOSIS 


©- Department of Veterinary Pathology, University 
> of Edinburgh and the Moredun Research 
institute, Gilmerton Road, Edinburgh. 
Applications are invited for the following appointments to an A.F.R.C. 


Linked Research Group between the Departments of Veterinary 
Pathology, University of Edinburgh and the Moredun Research 
institute, Animal Diseases Research Association, Edinburgh. The 
appointments are for five years. 

The research programme is concerned with fu ndamental studies of the 
sheep immune system in relation to disease mdoels of persistent viral 
‘infections of sheep. The posts are located within the University 
Department but there will be frequent interaction with the institute as 
dictated by the research programme. The appointees will work with 
experienced research workers in immunology and virology. 
Appointments: 

Research Fellow 1A — Postdoctoral cellular immunologist for studies 
‘on the in vitro analysis of lymphocyte and accessory cell function and 
immune regulation in vivo within lymphoid tissue (Ref. LRG31/1). 
Salary £8,080 — £9,875. 

‘Research Fellow 1A — Postdoctoral immunochemist/ biochemist for 
‘biochemical characterisation of lymphocytes and accessory cell 
- membrane glycoproteins, biochemical aspects of antigen presentation 
using viral polypeptides (Ref. LRG31/2). Salary £8,080 — £9,875. 
Research Technician — (TG4/5) with experience in cellular 
immunology for studies on lymphoid cell function and monoclonal 
-antibody work. Salary on range £5,826 — £6,898 (under review) with 
placement according to experience and qualifications. (Ref. LRG31/3). 
“Research Technician — (TG4/5) with experience of biochemistry for 
immunochemical work on cellular and viral antigens. Salary on range 


£5,826 — £6,898 (under review) with placement according to | 


-< experience and qualifications. (Ref. LRG31/4). 
Technical Assistant — (TG2) for general laboratory duties connected 


with the above research programme. Salary £4,662 — £5,151. (Ref. | 


LRG31/5). 
All appointments carry full superannuation and. National Insurance 
‘ benefits. 
~ Applications (curriculum vitaes, 2 referees) for posts LRG31/ 1 
‘and LRG31/ 2 should be sent to the Secretary to the University, 
Old College, South Bridge, Edinburgh, from whom further 
particulars can be obtained. Applications for posts LRG31/ 3, 4 
should be sent to the Personnel Office, 63 South Bridge, 
t rmai enquiries can be made to Professor |. 


ent of Veterinary Pathology. Royal (Dick) | 


eterinary Studies, Summerhall, Edinburgh. Tel 
t5322, Closing date for applications 6th July 1984. 
Re a gee (2910)A 


Scientist — 


Division of 
Viral Products 


Research on Hepatitis ‘A’ virus 


We have a position for a post-doctoral scientist tojoinasmal k 
group working on the molecular and biological aspects of - 
picorna viruses, including Hepatitis ‘A‘ virus. Rakes 
Candidates should have previous experience in viral f- 
immunology and it would be advantageous to have anf i 
interest in molecular genetics of viruses. TA 
Salary is on a scale of £8,816 — 11,896 inclusive dependent. | 
on experience, qualifications and age. The post is supported: T 
by external funds and is available initially for 3 years. F 
For further details please contact the Personnel- 
Officer, NIBSC, Holly Hill, Hampstead, London,- 
NW3 6RB. Tel. 01-435 2232. Bn 
Informal enquiries may be made 

to Dr G C Schild. Please quote 

Ref. No. SU/ VP/ 293. (3062)A 


National Institute for Biological Standards and Contro 


TRANSGENE E 
TRANSGENE, an independent genetic engineering company, ¢ 
out high level research oriented towards applications of medical. 
industrial importance. ee 


TRANSGENE has an opening for an experienced scientist as 


FERMENTATION e 


The work will be devoted to the optimisation of fermentation prog 
involving recombinant strains and/or cell lines. ae 


it will require a strong interface with the research groups w 
company as well as a practical understanding of aspects relevant fi 
industrial purposes. (NESS 


Therefore candidates must possess a strong background . 
biochemical engineering and a good expertise in fermentation and 
recovery development covering a range of hosts. ad. 


Salaries will be competitive and commensurate with qualification. 
Knowledge of French is not necessary. 


STRASBOURG is a pleasant historic town, located in the heart yf 
Europe, very close to Germany and Switzerland. : 


The laboratory is located next to the University campus and enj 
close contacts with well known groups in fundamental research. 


For confidential consideration, send a cv, a list of publications and 
indication of salary requirements to: ec 


TRANSGENE S.A. 
Attn J.-P. LECOCQ. 
11, rue de Molsheim 
67000 STRASBOURG 
-PRANCE — 
. Tél: (88) 222490. 





are invited for the post 
‘Research Assistant to 
RC supported project 
olecular biology of a 
sable element of Drosophila 
raster, 
¿post is tenable for 3 years 
ing from Ist September 1984 at a 
g salary of up to £6745 per 
| for candidates below age 27. 
ne..for applications is 15th 


; and/or genetics would be 
ntageous. 


jplicants should send a CV and 
etters of reference to Dr. B. 
epartment of Biochemistry, 
ersity, BS8 ITH. (3025)A 


ST DOCTORAL 
SEARCH IN 


-OHege is undertaking a 
nical appraisal of the 
f the densez-pinch as a 
wer source. Applications 
from suitably qualified 
octoral posts, 
duration, in an 
am involving the 
chanical Engi- 
sies departments. 
research areas will be: 
ower technology _ 
n transport and effects 
of liquid metals 
applications and requests 
sr details to: Dr S Walker, 
ical Engineering 
; Imperial College, 
on, SW72BX. . (3049)A 


post of 
8 TDOCTORAL 
ESE RCH ASSOCIATE 


ble for a fixed term of two years 
On a project entitled ‘The 
ion of Biosynthesis of 
idsin Plant Tissue Culture’ 
3y the SERC (Biotechnology 
Applicants should have 
fan appropriate field, 

fic experience in enzyme 
y- Salary will be on the 
ale commencing at £9716 
don Allowance (scale 


is can be obtained 
Charlwood, Depart- 
ences, King’s Col- 
alf Moon Lane, 


a curriculum 
wo-academic 


= DEPARTMENT OF 
BOTANY 


RESEARCH OFFICER 


required to work with Dr R E 
Longton on a British Antarctic 
Survey (NERC) funded project on 
water and temperature relations of 
masses from maritime Antarctic 
cryptogamic fellfields for a fixed 
period of three years from September 
1984, 


Starting salary £6,310 pa (under 
review). Possibility of registration 
for a higher degree. 


Apply quoting ref R32A for appli- 
cation form and further particulars 
to Personnel Office, University of 
Reading, Whiteknights, Reading 
RG62AH. (3069)A 


BIRBECK COLLEGE 
UNIVERSITY OF LONDON 


GEOLOGY TECHNICIAN — 

GRADE 2 | 
Varied duties involving preparation 
for classes, use of general laboratory 
techniques including thin section 
making. Minimum qualification 
Diploma of Advanced Geological 
Techniques. Excellent working con- 
ditions. Salary scale £5,912—£6,544 
(under review) inclusive of London 
Weighting. 


Apply, stating age, qualifications 
and experience to Assistant Secretary 
(Personnel) (N) Birbeck College, 
Malet Street, London WCIE 7HX or 
telephone 01-580 6622 ext $29 for ap- 
plication forms. (3064)A 


amranani an eemeetittmenanitieiinicrmeeeeaiis 
UNIVERSITY OF 


ST ANDREWS 


DEPARTMENT OF PHYSIOLOGY 
AND PHARMACOLOGY 
Applications are invited from 
physically fit single males to work 
mainly overseas. The post, which is 
for three years, is funded by a grant 
from the Natural Environment 
Research Council Special Topics 
Programme for Antarctic Research 
and is to investigate ‘‘muscle 
energetics, metabolism and locomo- 

tion in Antarctic animals”. 


Candidates should hold a good 
honours degree in physiology, 
zoology or some other relevant 
biological science, and have a strong 
interest in comparative physiology/ 
experimental biology. Training will 
be given in muscle physiology and- 
biochemistry. Some previous ex- 
perience with electronics and/or 
computing would be an advantage. 
The successful candidate will leave 
for the British Antarctic Survey base 
at Signy Island during early 1985 and 
return in Spring 1987. 


Starting salary £6,310 per annum 
(under review) on the 1B scale for 
research staff. 


Further details of this post are 
available from the Establishments 
Officer, The University, College 
Gate, St Andrews, Fife, KY16 9AJ, 


to whom applications (two copies) in- f- 
cluding a full curriculum vitae and. |. 

the names of two referees should be f: 
foun rrivennot latet than 20th July: | 


(3045) A 


Applications are invited for two 


Post Doctoral, | 


Research 
Scientist 


Department of Haematology 
and Oncology 


Royal Children’s Hospital 
Melbourne, Australia 


An opportunity exists to undertake a leading research 
role in the fields of childhood leukaemia and 
childhood solid tumours for a scientist with 
experience in this field. The research laboratory, part 
of the department. of Clinical Haematology and 
Oncology undertakes the care of more than 400 
children with a variety of leukaemias and solid 
tumours and is the paediatric centre for bone marrow 
transplantation and autologous bone marrow rescue. 


Development and research are well established in the 


department and a list of research activities and 


_ publications will be forwarded on request. The Royal 


Children's Hospital is a major Paediatric centre in 
Australia and very good scientific support facilities 


are available in virtually all disciplines including 


immunology and recombinant DNA technology. 
Joint research projects with the Walter and Eliza Hall 
institute and the Ludwig Cancer Research Institute 
are weil established. Technical help will be available 
and there. is scope for training of doctoral fellows. 
The successful candidate will be funded at the 
appropriate N.H. and M.R.C. scale for seniority and 
experience (range $A20, 164.00-$A30,737.00). Funds 
are available for a three year appointment, however 
transport and removal expenses cannot be provided. 


Written applications describing the candidates area _ 
of interest, expertise, the proposed research 
programme for the three years, a curriculum vitae 
and the names and addresses of at least two . 
referees, should be addressed to Dr. H. Ekert, 
Department of Haematology and Oncology. l 


Applications close Friday, 20th July, 1984. 
Dr. Barry R. Catchlove, 


‘Chief Executive. 


Flemington Road, Parkville 3052, Victoria, Australia. 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF BOTANY 


POSTDOCTORAL POSITIONS IN _ 


postdoctoral research 3 


positions to work on aspects of chloroplast molecular biolo 
post, supported by the Agricultural ahd Food Research: 
work on the synthesis of components of photosystem 
The other post, supported by the Science and E 
Council, is to characterise genes for componen 
complex in higher plants. Both posts are fora pe 

1 October 1984. The salaries will be within the 1A Sc 


Applications with curriculum vitae and the names 
_ addresses of two referees should be sent as soon a: 
- Dr J C Gray, Department of Botany, University of € 
Cambridge CB2 3EA, from. whom. further. 9 





Applications 

of Technician in the section 
f Vascular Biology to work witha 
eam of scientists studying the 
generation of actions of inflam- 
natory mediators. This position 
-become available in 
rtember and the work will 
-jlve-investigation of micro- 
cular- responses in animal 
odels, study of leukocyte 
functions in vivo and in vitro, and 
_ radioimmunoassay of mediators. 
_ Experience with pharmacological 

chniques.and animal handlin 

suld be an advantage. l 
inary enquiries may be 
y telephone to Dr. J. L. 
don (01) 864 5311 Ext. 2635 or 
T.d; Williams (01) 405 3474 
- 100. Applicants should have 
NC or Degree in a relevant sub- 
Salary will be within the 
~£6,114-£8,370 depending 


ting reference 136/ 2/ 1546. 
losing date for applications 
th July, 1984. (3005), 


UNIVERSITY OF KEELE 
: DEPARTMENT OF BIOLOGICAL 

i SCIENCES 

© POSTDOCTORAL 

RESEARCH ASSISTANT 


\pplications are invited for the 


bove position to work with Dr J- 


Ailis on the mechanism and regu- 
ation of ATP synthesis in chloro- 
lasts. Experience in either 
membrane bioenergetics or protein 
jurifivation techniques is desirable. 
This is a SERC-funded position 
enable for three years (one year in 
he first instance) from October Ist, 
84. Salary is in the 1A range, 
7190-£8080. 
- Application forms and further par- 
jculars are available from the 
Jegistrar, University of Keele, Keele, 
taffs STS SDG, to whom completed 
applications should be lodged not 
later than ist August, 1984. (GO90)A 


i] LOUGHBOROUGH 
| UNIVERSITY | 
(7 OF TECHNOLOGY 
Lecturer in | 
- Electrochemistry 


Applications. are invited for this 
“new blood” appointment avail- 


able from 
‘develo ping 
chemistry f 


October 1984. New 
: s of electro- 


tions 10th 


| Minimum salary — 


Center for Blood Diseases, 
University of Miami School 
of Medicine. — 
Requires PhD in Immunology 
with proven background of inde- 
pendent investigation, specifi- 
cally first-author publications in 
the field, and experience with 
flow cytometric techniques, in 
platelet and/or macrophage 
immunology and cell culture. 
Responsibilities to include 
research in autoimmune hemato- 
logic disorders (platelet antibody 
assays, drug binding to platelets, 
macrophage culture and 
functions) and in an animal model 
of immune thrombocytopenia. 
$21,000. 
Send resumé and three letters 
of reference to Department of 
Medicine (R-760), University 
of Miami School of medicine, 
PO Box 016760, Miami, FL 
33101. Equal Opportunity/ 
Affirmative Action Employer. 
_(INWE640)A | 


MRC CLINICAL RESEARCH 
CENTRE a 
(Northwick Park Hospital) 
Watford Road, Harrow, 
Middx HA1 3UJ 
TECHNICIAN 


A Technician will be required in 
the near future to work in our 
division of immunological 
medicine on a clinical study of 
patients with asthma. Applicants 


| should be capable of working 


alone, partially unsupervised. 
Qualifications required are BSc or 
HNC plus a current driving 
licence. Salary will be within the 
range £6114-£8370 (including 
London weighting) depending on 
age and experience. For 
application form and job des- 
cription, apply in writing 
please to Miss B Shaw, Per- 
sonnel Office, quoting ref 
118/2/3975. Closing date for 
applications, 20th July 1984. 
(3080)A 


NORTH EAST THAMES 


REGIONAL CYTOGENETICS | 


CENTRE 
Queen Elizabeth Hospital 
for Children 
Hackney Road, 
London E2 8PS 
_ BASIC GRADE 
_ CYTOGENETICIST 
Applicants must. have a ist or 2nd 
Class Honours Degree in Biological 


| Sciences with preferably some 
-| experience in Clinical Cytogentics. 


Appointments will be on Whitley 


PTA. Scales for NHS Scientists. 
| Applications by letter, including | 
- | curriculum vitae and the names of | 


= ROYAL VICTORIA — 
HOSPITAL 
MLSO HISTOLOGY 

Training post/career opportunity for 
experienced MLSO, Science 
Graduate or young person with “A” 
levels (Chemistry/Biology) as a 
medical laboratory Scientific Officer 
in our Histology Department. The 
successful candidate will be 
encouraged to study for the ‘‘Special 
Examination” in Cellular Pathology, 
set by the Institute of Medical Labor- 
atory Sciences. 


Salary on entry at age 21 years: 
£4674-£4878 when state registered: 
£5491-£7747. 


Further details from Mr R Ellins, 
Senior Chief MLSO Pathology 
Department, Royal Victoria 
Hospital. 


Application form and job descrip- 
tion from Personnel Officer, Royal 
Victoria Hospital, Shelley Road, 
Bournemouth, BHI 4JG. 


Closing date 12th July 1984. 
(3087)A 


MRC RADIOBIOLOGY 
UNIT, HARWELL 
TECHNICIAN — 
CHEMIST/BIOCHEMIST 
A Technician is required to join a 
team investigating modifications 
induced in biological macro- 
molecules by ionising radiation. The 
project involves the techniques of 
radiolysis, simple analysis and puri- 
fication procedures, general 
physical-biochemical techniques and 
use of microcomputers. Qualifi- 


cations required are a degree or 


HNC/HTEC in a relevant subject. 
Previous experience would be helpful 


LONDON OFFICE 
Keith Walesby 

4 Little Essex Street 
London WC2R 3LF 
Tel: 01 240 1101 
Telex: 262024 


TORONTO OFFICE 
Peter Drake 
Associates 
32 Front Street West 
Suite 200, Toronto, 
Ontario M5J 1C5 
Tel: (416) 364 1623 


DE PARTME he 
IMMUNOL OC 


LECTUR! 
Applications are invite 
Molecular Biologists with 
in immunology/hist 
immunogenetics. This.. 
will be funded initially b 
Research Campaign of Gri 


The successful candidate. w 
expected to establish and develo 
molecular biology subsection © 
Cancer Research Campaign 
group already working ont 
logy, immuno-chemistry and 
cular genetics of MHC gene pi 
in malignancy. 


Salary will be on the Uni 
London scales at Lecturer g 
within the range £9,490 to £1 
plus London Weighting of £807 

Applications to Professo 
Festenstein, Department of imi 
logy, The London Hospita 
College, Turner Street, te 
E12AD. (309 
but is not essential as full trai 
be given. is 

Salary, according to 
experience, on the scale 
£7747 pa. The Unit is si 
pleasant rural surrounding 
venient for Oxford. Hostel a 
modation is available for- 
people. = 

Please send applications, 


Officer, MRC Radiobi 
Harwell, Didcot, Oxon! 
Interviews will be held 
August. Closing date July 
EMF/PC. es 





EPARTMENT OF 
“BIOTECHNOLGY 


SOME LECTURESHIP IN IMMUNOLOGY 

Cations are invited from candidates under 35 years of age, who 
go not hold a permanent appointment in a UK University for a 
Lectureship in Immunology, funded for up to 5 years by the 
Wellcome Trust, and thereafter by the University, | 
Candidates should possess expertise in biochemical immunology; (1) 
mmunogenetics or immunopharmacology and will be expected to : 
take an active part in both undergraduate and postgraduate 
teaching, and to participate in and extend established research |. | 
programmes. Interaction with other disciplines: especially | | 
Pharmacy and Pharmacology will be encouraged. 
Candidates should submit a 500 w 


schemes for research. 


Further particulars and application forms (quote 35/84) are 
‘ailable from Staff Office. McCance Building, 16 Richmond 


reet, Glasgow, G1 1XQ. 


Closing Date for Applications: 20 July 1984. 


OSTDOCTORAL _ 
s‘EARCH ASSOCIATE | 
and study of competitive | 
of phospholipase A, by 
hemical and crystallo- 


NIVERSITY 
OF WARWICK 
ion Research Group 


OCTORAL POSITION 
oe, ON 
_ Cytochrome P-450 
& Monooxygenases 
igh levels of this enzyme 
y been discovered in ol- 
pithelium. We wish to know 
olfactory enzyme has any 
operties in comparison 
H-studied liver enzyme: 
me plays a role in the 
y transduction process and 
yle the enzyme plays in the pro- 
Olfactory tissue from 
cair pollutants. 


Strong background in 

logy and related areas is 

ether with an interest in 

al problems of the olfactory 

The laboratory has special- 

lities for investigating the 
ym mechanisms. 

is available immediately 

O years. Starting salary on 

£8,530) on the 


le to DrG H | 


ST 


ord summary of their proposed 


OSCIENCE AND 


(3081)A 


experience, 


Coláiste na hOllscoile Corcaigh 
University College Cork 


RESEARCH SCIENTISTS FOR — 

BIOTECHNOLOGY PROJECTS | 
Applications are invited for the follawing postdoctoral positions in the 
Microbiology Department: : pi aE 
Molecular Biologist to work on the regulation of genes involve 
in carbon and energy metabolism in Rhizobia during the free 
living and symbiotic states. Experience in either molecular. 
biology, genetics or physiology in bacterial system(s) desirable. 


Microbial Geneticist to join a programme aimed at exploiting = 
beneficial bacteria for biological control of phytopathogens. 
Experience in microbial genetics/ recombinant DNA technology 
desirable to work specifically on the genetics of siderophore 

synthesis in gram negative bacteria. ve 


Positions tenable for up to 2 years from 1 October 1984. Salary scale 1R: . 
£7,250 to £11,000 per annum according to qualifications and. 


RESEARCH POSTSIN 
Medicinal “pemistry 
Cellular Electrophysiology 


Neuroimmunology 
Neuropharmacology 


Applications are invited for positions at Senior 
Scientist level, tenable from | January 1985. 


The Institute will be housed in well-equipped and 
spacious new laboratory accommodation which is 
being built within the precincts of University 
College London, with which strong academic links 
will be forged. The scientific staff will be built up to 
25-30 by 1987. 


The Institute will embark on a programme of basic 
research in neurobiology, concentrating initially 
on mechanisms involved in nociception, with the 
long-term aim of developing new compounds of 
potential therapeutic value. Initially there will be 
six laboratory groups (Medicinal Chemistry, 
Biochemistry, Neuropharmacology, Cell Biology 
and Cell Culture, Immunology, Celular 
Electrophysiology) which will collaborate on a 
range of individual projects. . 


Applicants for these positions should be 28-35 
years old, with at least two years’ post-doctoral 
experience. The research programme of the 
Institute will be interdisciplinary in its approach, 
and an ability to contribute original ideas and to 
collaborate effectively are particularly important. 


Medicinal Chemistry 

For this position a good knowledge of 
synthetic organic chemistry and an 
enthusiasm for active collaboration with 
biologists in the design and testing of 

new compounds are essential. Experience of 


© working in the pharmaceutical industry- ae: 


Cellular Electrophysiology : 


This post will require the application of electro- ~ ` 


_ physiological methods to the analysis of drug 


action at the cellular level. Candidates should have 
considerable experience of micro-electrode  __ 
recording techniques or in vitro preparations, . 
preferably with experience of patch-clamping. 


Neuroimmunology 
This post will entail the applications of | 
immunological methods to the study ofneuronesin — 
culture and in situ, as a means of investigating 
neuropeptides surface antigens and receptors. 
Previous experience in this area is less important 
than a strong background in biochemistry, cell 
biology and immunology, and an innovative 
approach to research. 


Neuropharmacology 

Expertise in electrophysiological recording 
methods in vivo and in vitro is required. The work 
will involve studying the effects of drugs on activity 
in specific sensory pathways in the peripheral and 
central nervous systern. 


Salary negotiable around £15,000 p.a. according x 
to experience and assistance with relocation costs 
available if relevant. 


Applications by 16 July 1984, including cv.and. 
names of two referees, to Professor H P. Rang, 


FRS, Director, Sandoz Institute for Medical 
Research, Department of Pharmacology, 
University College London, Gower Street, 
, London WCIE 6BT (Tel: 01-388 5314), 
. _ from whom further information : 





‘The Hellenic National Biotechnology Company “BIOHELLAS” 
“S.A. is seeking an experienced individual to serve as its 
Scientific Director. Responsibilities will include co-ordination of 
Rand D and industrial production programs as well as long 
“range planning. The Scientific Director will work closely with 
|. the Company's Scientific Board and Managing Director and will 


| be based in Athens. Qualifications include extensive and 


‘industrial research experience in biotechnology, chemistry or 


1 related sciences. 


Interested individuals should contact: 


WANGIOHELLAS 81 


10, Parnithos St., 154.52 Palaio Psychiko 
ATHENS, GREECE Telephone Nr.6474770-4 
{W1086)A 


AFR C. ANIMAL BREEDING 


_ RESEARCH ORGANISATION 
EMBRYO MANIPULATION 


- Applications are invited for a molecular biologist/biochemist/- 
_embryologist to join a team investigating the transfer of genes in 
“farm animals and their subsequent expression and inheritance. 
Candidates should have a first or upper second class honours 
> degree in Biochemistry, Molecular Biology or relevant biological 
-science preferably with experience of micro-injection of emryos 
or tissue culture cells. Applicants should have a Ph.D. or a 
_ minimum of two or four years relevant post graduate experience 
` for appointment at Higher Scientific Officer or Senior Scientific 
Officer respectively. Salary according to qualifications and 
_ experience on the scales £7,149 to £9,561 (H.S.O.) and £8,970 
_ to £11,476 ($.S.0.). 

: Applications giving full curriculum vitae and names and 
_ addresses of two referees to: The Secretary, Animal 
` Breeding Research Organisation, Kings Buildings, West 
“Mains Road, Edinburgh, EH9 3JQ. 

_ The Agricultural and Food Research Council is an Equal 
= Opportunities Employer. (3042)A 


SOUTH TRENT CYTOGENETICS SERVICE 
CITY HOSPITAL 


SENIOR 
CYTOGENETICIST 


£9,010- £11,649 p.a. (under review) 


Candidates should have at least 4 years experience in Clinical 

Cytogenetics and be familiar with the full range of modern 

cytogenetic techniques. 

- Application forms and further particulars are available 

_ from the Personnel Department, Unit H.Q., City Hospital, 
Hucknall Road, Nottingham. NG5 1PB. Telephone (0602) 

625459 (24 hour answering service). 


- Closing date: 20th July, 1984. (3007)A 


This new post is a senior position for a graduate ina biologic idi 
with extensive experience in toxicology, especially in its p 


aspects. 


The Lecturer will help to organise and run the scientific and educationa 
work of the DHSS Department of Toxicology, concentrating on 
pathological studies, and on assisting with research into pathologica 
mechanisms of toxicity. The person appointed will be responsible boti 
for service and investigative studies, as well as for teaching, and mus 
have had several years experience of toxicology at a senior level. o 
There will be many opportunities to take part in a broad rang 
laboratory work, to develop new techniques and to aid 
development of a growing department. Ee 
A job description may be obtained by telephoning 01-606 7404, quoting 


reference JR 15. 


Please send a full Curriculum Vitae, (6 copies please) with 
names of two referees to The Dean of The Medical College, $t 
Bartholomew’s Hospital, West Smithfield, London EC1A:7BE 


Closing date 20th July, 1984. 


SYRACUSE UNIVERSITY 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


Study of platinum antitumor drug- 
DNA interactions using natural DNA 
substrates of defined sequence. Ex- 
perience in nucleic acid biophysics 
and/or DNA sequencing-gel elec- 
trophoresis preferred. 


Curriculum vitae, three letters of 
reference to J C Dabrowiak, Depart- 
ment of Chemistry, Syracuse Univer- 
sity, Syracuse, New York, 13210. 
Closing date 8/1/84. Equal oppor- 
tunity affirmative action employer. 

(NW628)A 


UNIVERSITY OF 
CALIFORNIA, DAVIS 


PLANT VIROLOGIST 


Assistant Professor of Plant 
Pathology, Jl-month tenure-track 
appointment to begin on or before 


| January 1, 1985, with 25% teaching, 


75% research: to participate in a 
graduate course in plant virology and 


| other courses in plant pathology; to 


develop original research program on 


| etiology, epidemiology and control 
| | of virus diseases of agricultural 


crops; to participate in mission- 


| oriented research, University service 


and advising and training of graduate 
students. 


Applicants should have a PhD in 


: plant pathology or a related 


discipline and expertise in plant 
virology. Send: a) curriculum vitae, 


|b) official undergraduate and 
| graduate transcripts, c) list of official - 
| published work with reprints, d) 
statement of teaching and research | 
interests, €) names and addresses of | 


three references to: J M Duniway, 


| Department of Plant Pathology, 
University of California, Davis, CA { 
| 7§2.0324/0301. Closing Deadline: | OS S o 


95616. Telephone: 
October 1, 1984. 


The University of California is 


| affirmative action/equal 


OVEr 


RESEARCH SC 
Perform research and stu 
ing molecular and genet 
mechanism and the reg 
these mechanisms du 
process; Using bioct 
munological and dilution 
and genetic eng! 
biotechnology to produced 
various studies in aging and 
PhD in Molecular Biolog 


background in microbiology 


have publications in immuno 


Salary $34,000/year 
hours/week. Jobin L.A. 


Send this ad and your r 
Job 1528, P O Box 865, 
to, Calif 95804 not 
7/13/84. ah 


UNIVERSITY O 
NEWCASTLE UPO 
DEPARTMENT 01 
BIOCHEMISTRY. 
TEMPORARY LEC 
Applications are invited: 
of Temporary Lecturer 
ist October 1984 for thre 
Department of Biocher 
post has been created b 
a Lister Fellowship for: 
period to Dr S J Yeaman. 


Candidates will be con 
research interests in any 
biochemistry where ap 
facilities can be made avatlab 
an outline of plans for rs 
should be included with applicatio 


Salary will be at an approprial 
point on the Lecturers’ scale VAS 
— £14,125 per annum {wW 
salary no higher than £ 
annum) according to ag 
cations and experien 


obtained from ti 


Registrar (Esta 





C is VERR for 3 years 
October 1984 to work 
ar the direction of Dr M 
wood on the reproductive 
ology of viviparous and 
viviparous cockroaches. 
dates should have or 
pect to obtain a first or second 
honours degree in a 


ecessful candidate will be 
‘cted to register for a higher 


: £4,200-£4485 (under 


ation forms and 
articulars from the 
g Officer, Derbyshire 
of aig Education, 
n Ro 


ec 2.0 wn should be 
Friday, 13th July 
(3030)A 


ist needed to. Sead 
etabolic nutrition 
ection; requirements: 
r related field, 3 yrs 
research, l+ yrs 
xp ina lab setting. Job 
5; salary $43-SOK/yr. 
ur-CV to Job 2509, 
Sacramento, CA 95804 
(NW64)D)A 


-ERIAL COLLEGE 
T-DOCTORAL 
CH ASSISTANT — 
ICALLY GUIDED 
1 research assistant is 


j ating various aspects 
ally: guided ved in- 


-Univers ty of Cambridge 
 AFRC Unit of Invertebrate 


Neurophysiology 


and Pharmacology 


Pfizer Central Researc 


Post Doctoral Research Fellow 
Invertebrate Neuropharmacologist 


Applications are invited for a postdoctoral research position to study the pharmacology of 
invertebrate GABA receptors. The post is funded by an SERC Co-operative Research Grant 
and will involve both electrophysiology (voltage clamp and patch clamp) on identified 
neurones and biochemical {radiolabelled ligand binding) studies. The research will be carried. 
out in Cambridge in collaboration with neuropharmacologists from the Invertebrate .. 


Pharmacology Group at Pfizer. 


Applicants should possess or be about to submit for a PhD. 


The appointment will be for three years from 1st September, 1984. 


Further information may be obtained from the secretary AFRC Unit of Invertebrate — 
Neurophysiology and Pharmacology, Department of Zool ogy, Cambridge VEY , 
Downing Street, Cambridge CB2 3EJ, U.K. ; 


Applications including curriculum vitae and the names of two referees should be- 


sent to the AFRC Unit Secretary at the above address. 


POSTDOCTORAL 
RESEARCH ASSOCIATE 
Crystallographic and biochemical 
study of protein/nucleic acid 
interactions including trp repressor 
and tRNA/synthetase complexes. 
Salary $18,000-20,000 depending 
on qualifications. 

Write or telephone Paul B. 
Sigler, Department of Bio- 
chemistry and Molecular Bio- 
logy, The University of Chicago, 

E. 58th Street, einer o, il 

60637. 312/ 962-1087. í JA 


UNIVERSITY OF LONDON 
BRITISH POSTGRADUATE 
MEDICAL FEDERATION 
THE CARDIOTHORACIC 
INSTITUTE 
RESEARCH ASSISTANT/ 
TECHNICIAN 


Applications are invited for the 
above post which is available for 214 


years for work on the biochemistry of 


cardiac protein turnover. Applicants 


should have an appropriate degree or 


suitable laboratory experience. In ad- 


dition, experience with heart perfu- 


sion and/or amino acid analysis . 


would be an ad vantage. There may be 
an opportunity to register for a higher 
degree. The post is based in London, 
N1. 


Starting salary on the base point of 
the Whitley Council MLSO grade 


currently £5,491 plus £1,042 London 


Weighting. The post is superan- 
nuable, 


Applications quoting reference 


| fee (with daytime telephone 


umber, if possible) to the Secretary, 
‘diothoracic Institute, Fulham 
London SW3 6HP, to include 


Opies of full curriculum vitae. 


d add: esses and 


(310A 


ASSISTANT PROFESSORS (3) 
DEPARTMENT OF SURGERY 


WEST HAVEN VA 


YALE MEDICAL SCHOOL 


General Surgery: 


General Surgery: 


Vascular Surgery: 


Applicant must have completed a fellowship in | 
colo rectal surgery. Special interest is required in | 
the development of an experimental. surgery 
laboratory as part of an active clinical and inve: 
gative program in the areas of the neural am 
hormonal modulation of large bowel function. 
addition, a strong background in endoscopic 
diagnostic and therapeutic procedures is. 
required. l 
A special interest is required in gastrointestina 
and endocrine surgery as part of an active clinica 
and investigative program in the area of the’ 
endocrine and gastrointestinal systems. Research - 
experience in the area of plasma peptide radio. 
immuno assay and isolated organ perfusion- 


systems is required. Competence in both upper = 


and lower Gi endoscopic, diagnostic and 
therapeutic modalities is necessary. 

Applicant must have completed a vascular 
surgery fellowship. A special interest is required in 
the pathogenesis of atherosclerosis and in parti- 
cular its relationship to prostaglandic metabolism. 
A substantial commitment to the development of 
an investigative program relating to endothelial. 
ceil culture and seeding is required. eae 


All candidates will be expected to devote 60% of their time. 
investigative efforts and their remaining time to clinical and te 
responsibilities. The position will require a full-time commitmen 
Yaie Department of Surgery at the West Haven 
Administration Hospital. 


Submit a complete cv and detailed letters of. co 


to: 


Irvin M. Modlin, M.D., Vice Chairman 
Department of Surgery 

Yale University School of Medicine 
P.O. Box 3333 

New Haven, CT 06510 


J Yate is an equal opportunity affirmative action employer: 


sadinejs August 15, 1984.. 





M & D Technology Ltd. operates at the forefront of medical 

instrument technology and enjoys a worldwide reputation in the 

design and manufacture of Nuclear Magnetic Resonance imagers. 

Working closely in association with Aberdeen University the 
“company already employs over 30 people, mainly engineers and 
physicists; and further expansion is planned. 


-The physicist will be part of a research and development team 

working on new imaging techniques. This is an opportunity for a 

“talented physicist with an interest in NMR. A good honours degree 
is essential and higher qualifications advantageous. 


-. Write in confidence giving full C.V. to: 


Managing Director, 
M & D Technology Ltd., 
Unit 1, Whitemyres Avenue, 
Aberdeen, AB2 6HQ. 


equired to join team of ecologists working on the ‘Kennet and Avon 
anal’ and environs in Berkshire. Previous experience in the 
entification of freshwater invertebrates and fish survey techniques 
vould be an advantage. 
is is an MSC project, and to be eligible, applicants must have 
een unemployed for six months (age 18-24) or for 12 months 
age 25+ ). CV's to J. Matthews, Kennetand Avon Canal Project, 
Aldermaston Wharf, Padworth, Reading RG74JH., by 20th July, 
1984. (3035)A 


MRC BRAIN METABOLISM UNIT 
Edinburgh | 
Organic Chemist 


The MRC Brain Metabolism Unit invites applications from suitably 
qualified chemists for the post of Organic Chemist with special 
expertise in the synthesis of neuropeptides and appropriate analogues. 
Candidates of immediate post-doctoral or equivalent status will be 
preferred. A period (minimum 3 months) of training in the peptide 
chemistry laboratory of Dr R.C. Sheppard (MRC Laboratory of 
Molecular Biology) may be offered to a suitable candidate who, 
although highly competent in organic chemistry, has no special 

- expertise in peptide chemistry. 

_ The person appointed will work in close association with the Molecular 
Biologists in the Unit who are interested in the mechanisms of 
synthesis, release and mechanism of action of neurope tides in 
mammalian brain. The appointment will be short-term (3 years). 
Remumeration will be at an appropriate point on the scales for 
university non-clinical academic staff. 

Further details can be obtained from the Director, Dr G. Fink, 
-MRC Brain Metabolism Unit, Departmen of Pharmacology, 
_1 George Square, Edinbur h EHS 9JZ. Four copies of 
- applications and the names and addresses of three referees to be 
sent to Mrs A. Milligan, Administrative Officer, MRC Brain 
‘Metabolism Unit, Department. of Pharmacology, 1 George 
Square, Edinburgh EH89JZ by Friday, July 27. (3096)A 


AFRC INSTITUTE OF ANIMAL PHYSIOLOGY 
Babraham Cambridge CB2 4AT 


HEADSHIP OF 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for the post of Head of the Department in 
succession to Dr R M C Dawson FRS who retires in June 1984. The 
Greville Biochernical Laboratory was completed in 1971 and provides 
2,230 m* of laboratory space with excellent facilities for work on farm 
animals. The present programme includes genetic manipulation of 
_ ruminal micro-organisms and cellular biochemistry. It is expected that 
» the successful candidate will have an established reputation as a leader 
of research in some field related to molecular signalling in cells eg gene 
expression, cell. differentiation, hormone targetting, antigen 
recognition, etc. Collaboration will be encouraged with other research 
at the Institute which includes reproductive biology, endocrinology, 
euroscience, cell biology and immunology. 
he appointment will be at the grade of Senior Principal Scientific 
(£15,605 - 317)... Further infor 


sO | 
L FELL 


| MD or PhD sought for 8/1/84 to par- 


ticipate in studies on the role of 
insulin receptor tyrosine kinase and 
regulatory protein phosphorylation 
in insulin action. Experience pre- 


ferred in the area of reconstruction of | 


membrane proteins; cell fusion; 


protein chemistry or immunologic | 


techniques. 


CV and 3 references required. 
Salary $17,000 — $20,000/year, de- 
pending on experience. 


Contact: J Avruch, Howard 
Hughes Medical Institute Laboratory, 
Diabetes Unit, Massachusetts General 
Hospital, Boston, MA 02114; or call: 
(617) 726-2874. (NW6I6)A 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
UNIVERSITY OF LONDON 
DEPARTMENT OF HAEMATOLOGY 


JUNIOR TECHNICIAN 


Required for one year to work on a 
research project on iron chelators. 


Salary on appropriate Whitley 
Council scale for Junior MLSO s, 
according to age and experience. 


Application forms, which should 
be returned with the least possible 
delay, available from School Office, 
Room G650, RFHSM, Rowland Hill 
Street, London NW3 2PF, or 
telephone 794-0500 extn 4262. Please 
quote reference H/JT. GO3S4)A 


ASSISTANT PROFESSOR OF 
PLANT PATHOLOGY 
UNIVERSITY OF 
CALIFORNIA, DAVIS 


VEGETABLE 
PATHOLOGIST 


To develop an original research 
program on etiology, epidemiology, 
and control of diseases of vegetable 
crops, including physiogenic 
diseases, and to teach graduate 
courses in diseases of vegetable crops 
and IPM. An 11-month tenure-track 
position available immediately, with 
25% teaching and 75% research. 
Appointee will also participate in 
mission-oriented research, 
University service, and graduate 


| advising /training. 


Applicants should have a PhD in 
plant pathology or related discipline 


| and expertise appropriate to the 


position. Send: a) curriculum vitae, 


|| b) official undergraduate and 


graduate transcripts, c) list of official 
published work with reprints, d) 
statement of teaching and research 


| interests, e) names and addresses of 


three references to: R N Campbell, 
Department of Plant Pathology, 
University of California, Davis, CA 
95616. Telephone: (916) 752-0314. 


Closing deadline: 17 September 
1984, | 


ity 


Applications are invite 

of Research Associate in 
Physics, tenable for 
beginning as soon 
Preference will be givento app 
sharing research interests 
members of the Theoretica 
Group at the University of | 
these ‘interests include con 
matter theory (R. Evans, | 
Greenwood and B.L. Gyor 
elementary particle theory «{ 
Alcock, W.N. Cottingham and 
Pollard) and nonlinear physics {A 


Berry and J.H. Hannay). 


Applications should be sent.to 1 
Registrar and Secretary, Sen 
House, Tyndall Avenue, Bristol 
1TH by 15th September 198 

S 


UNIVERSITY COLL 
LONDON 
DEPARTMENT OF SU 
SCIENCE GRAD 
required to assist with a 
project to work on anew 
cancer using 
photosensitising drugs 
with histology an adva e 
with patients may be involved 
scale £6,520-£7,471 per ann 
£1,042 London Weighting.. 


Applications in writh 
Personnel Officer (Techn: 
GS3), University Colleg 
Gower Street, London \ 
Closing Date: 12 July 198 


UNIVERSITY, 
NEWCASTLE UPO 
DEPARTMENT § 
ORGANIC CHEMI! 
DEMONSTRA 
Applications are in 
Demonstratorship in th 
of Organic Chemistry si 
ist September 1984, T 
ment will be for 2 year 
Preference will be giver 
who are about to ol 
a 
Chemistry. oe 


The duties of the post, 
assistance with underg 
tutorials and demonstrati 
successful candidate will wo 
research group of Professo: 
Golding. Eo 


Salary will be at an m 
point on the Grade IB 


| £6,310 -— £8,530 


according to age, 
experience. | 
Further parti 


Registrar {Establis 
University, 6 Ke 
Newcastle upon T 
whom applicat 


together. witi 


_ addresses. 





18 are invited for the post 

rary Lecturer in Plant 

or one year from 1 Septem- 

to assist with the teaching of 

ear and Honours courses. 
ference will be given to those with 
rience and interest in plant 
ion and community ecology. 


ary £7,190 per annum. 


pplications, together with the 
of three referees, should be 
ived not later than 13 July, 1984 
by the Registrar, The University, 
Box 147, Liverpool, L69 3BX, 


hom further particulars may 


btained. Quote Ref: RV/S56/N. 
a (3028) 


TOF PHYSIOLOGY 
-DOCTORAL 
ARCH POSITION 
r position (extendable) will 
jle in autumn 1984 to join 
h .(electrophysiology, 
)}. on the function of the 
in single myocardial 


ions should be sent to Dr J 
iologisches, Institut der 
itat, Biedersteiner-Str. 
ünchen 40, FRG, 
(WI1082)A 


LONDON HOSPITAL 
DICAL COLLEGE 
ity of London) 
`H FELLOW IN 
CULAR BIOLOGY: 


SEARCH UNIT 
tons. are invited for a 
h Assistant to study the 
lar biology of the HLA 
ed susceptibility gene and 
product. in Coeliac Disease. 
US practical experience with 
bridisation or related tech- 
s essential. A working know- 
of protein chemistry 
y and/or tissue culture is 


f the project will be carried 
“molecular biology 
of the Department of 

vhich ‘is conducting 
other diseases. 
ded by a 2 year 
ellcome Trust, 
+630 plus £1,186 


vand names of 
ent as soon as 


Bone and | 


~ DEPARTMENT OF PAEDIATRICS. 


_ Applications are invited for the post 


of 
POSTDOCTORAL 
RESEARCH ASSISTANT 

funded by a project grant from 
Birthright to Dr D J Hill and 
Professor R D G Milner to study the 
presence and action of peptide 
growth factors in the control of 
human fetal growth and differenti- 


ation. Applicants should have 


experience in tissue and cell culture 
techniques and in the characteri- 
zation and measurement of peptide 


hormones. Tenable for 2 years from 1. | 
October 1984. Initial salary £7,190 a — 
year on Range IA. Applications, 
together with the names of two. 


referees should be sent by 13 July 
1984 to Professor R D G Milner, 
Department 


2TH, from whom further 
information can be obtained. Quote 
ref: RI15/7. (3088)A 


a tated ete AAAA naa 


PHARMACEUTICAL Research 
Scientist In Irvine. Plan/design/con- 
duct/direct & coord. devel. & eval. of 
new drugs & dosage forms for eye & 
skin care. Devel. physical-chemical 
characterization technologies for 
preformulation studies. Eval. in- 
struments, equip. & processes involv- 
ed in dosage form research & initial 
mfg. Requires: PhD Chem & 2—3 
yrs. exp. Interdisciplinary bkgrnd to 
perform complex pharmaceutical 
research. Thorough knowl. physical/ 
organic/inorganic, analyt chem. 
Theoretical expertise w/polymere 
synthesis, thermodynamics, macro- 
molecules, drug delivery. 
$3,063/month. Send this ad & your 
resume to Job 4128, PO Box 865, 
Sacramento, CA 95804 not later than 


July 15, 1984. Equal opportunity _ 


employer. (NW625)A 


iat enters ane NAA EN . i 


THE UNIVERSITY OF 
ASTON IN BIRMINGHAM 
DEPARTMENT OF CHEMICAL 
ENGINEERING 
RESEARCH ASSISTANT 


Applications are invited for the 


above post to work on a study of the | 
dynamics of a solvent extraction | 
process at the Atomic Energy Estab- | 
lishment, Winfrith, Dorchester, | | 


Dorset. The work will involve 


computer modelling, and dynamics 


and control studies on pilot plant. It 
is sponsored by the UK Atomic 
Energy Authority. 


The appointment will be for a 


period of three years and the com- | | 


mencing salary will be £6310 per 


annum. The successful candidate 


would be expected to register for a 
higher degree. Applicants should 
have an appropriate honours degree. 


Application forms and further 
particulars may be obtained from the 


of Paediatrics, | 
Children’s Hospital, Sheffield S10- 


Research Medical 
Laboratory Scientific Officer 
or — 
Research Scientific Officer (Graduate) 
Applications are invited from ea qualified persons to work on 
Pee! concerned with the immunological aspects of eye disease i 
collaboration with a Research Group working on autoimmune diseases - 
under the supervision of Dr P. Kendall-Taylor, Consultant Physician. 
with a special interest in endocrinology, at the Royal Victoria Infirmar 
Candidates must have a good sap ah in biochemistry and it would 
be advantageous to have had previous experience in 
immunochemistry. ae 
Salary Scale: M.L.S.O. (State registered) 
"5,491 Pe to £7,747 p.a. | 
Scientitic Officer (Science Graduate) . 
£5,681 — £8,349) > 
Applications giving full details, and the names and addresses of — 
two referees, should besent to the Unit Personnel Officer, Royal . 
Victoria Infirmary, Newcastle upon Tyne NE1 4LP, quoting Ref 
No. 84/ 39. Closing date 9 July 1984. i e 
As an economy measure, no Be argemenis will be sent. If no. 
communication has been received by July 1984, it should be: 
assumed that the application has been unsuccessful. (3038)A 


THE MEDICAL COLLEGE OF 
ST BARTHOLOMEW’S HOSPITAL a 
DEPARTMENT OF CHEMICAL ENDOCRINOLOGY 


Required to work on a project studying the heterogeneity of 
circulating growth hormone and prolactin in patients with: 
pituitary tumours. Previous experience in tissue culture and Rif 
is essential. This post is available for 2 years startin 
immediately. Salary range £9,010 — £9,310p.a. plus£1 042.p.a 
London Weighting. bee 


Applications with full curriculum vitae, together wit 
names and addresses of two referees should be 
addressed to The Secretary, Medical College of St 
Bartholomew's Hospital, West Smithfield, London, EC1A 
7BE quoting reference RES 15. . 


Closing date: 28th June 1984. (3047)A A 


Technician or Junior 
Technician 
required at the Plasma Fractionation Laboratory, Churchill Hospital, 
Oxford, for work on production and development of preparations from 
human blood plasma for the treatment of patients suffering from 
defects of blood clotting. 

Appointment to the Technician grade requires academic quailifi- 
cations equivalent to HNC, H-TEC or B.Sc. in a relevant subject ` 
together with a minimum of one year's relevant working experience. | 

Applicants for a Junior Technician post should have a minimum of 
four O-levels at grade C or higher, which must include English. 
language, mathematics, and at least one science subject (preferably ~- 
chemistry). 

Salary scales (under review): 


Technician £5,255 — £7,413. aeaa 
Junior Technician £2,889 at age 16; incremental scale to £4,442 with 


additional allowance for appropriate qualifications, A 
I| „Write for application form to: The Secretary, Pla 
||. Fractionation Laboratory, C 7 } | 

__Closing date: 16th July, 


ill:Hospital, Oxford: 





armac) | 
bject, for posts avai 


RESEARCH ASSISTANT 

‘Salary: £4,947 — £5,649 (under review) 

Plant tissue culture — the tissue culture of medicinal plants and 
‘investigation of alkaloid aona in plant tissue culture. The 


work will be directed by Dr 


H Bowen in collaboration with Dr R 


©. MacLeod (University of Newcastle). 


~ RESEARCH STUDENT 


Funded by SERC grant 


“Drug design/ drug targetting — for cancer and for tropical 


4 


“diseases (the latter being within the newly-formed Tropical 


-Diseases Chemotherapy Research Unit). 
‘Application forms and further details of the research projects 
ailable may be obtained from the Personnel Officer, Sunderland 
Polytechnic, Langham Tower, Byhope Road, Sunderland SR2 
7EE or telephone 0783) 76231 ext 11. 
Any informal enquiries may be made to Professor J R 


Brown, Head of 
tel (0783) 76191 ext 
Closing date: 12 July 1984. 


JNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF 
CTRONIC AND ELECTRICAL 
ENGINEERING 


“RESEARCH ASSISTANT 


fications are invited from 
cists, Engineers or Applied 
ematicians, preferably with 

search experience, to assist with a 
ct on fundamental aspects of 
onic wave propagation and 
ering. 


project will involve both 

ical work (using both finite 

t and finite difference techni- 

) and some supporting ex- 

imental studies of wave in com- 
yered structures. 


plicants should have an ap- 

-for research and a good 

ree or postgraduate qualification 
in appropriate subject. 


starting salary will depend upon 
cand experience. Applicants 

| send their curriculum vitae 

e names of two referees im- 

ately to: Dr Leonard Bond, 
Electronic and Electrical 
gineering, University College Lon- 
on, Torrington Place, London 
WCIE7JE. GBOTDA 


partment Pharmaceutical Chemistry, 


(3032) A 


IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 

(UNIVERSITY OF LONDON) 


PHYSICS DEPARTMENT 
APPLIED OPTICS GROUP 


LECTURESHIP 


Applications are invited for this post. 
The appointee will be required to 
teach optics at postgraduate level and 
to build up an active research pro- 
gramme as well as tọ teach under- 
graduate physics. Candidates should 
have research interests in experimen- 
tal work on optical instrumentation 
and/or optical system design: 
candidates with expertise in related 
areas, such as the design and 
construction of integrated optical 
devices, are also encouraged to 
apply. 


Salary is in the range £8376 to 
£15311 per annum (under review), 
including London Weighting. 


Applications, including a curricu- 
lum vitae, list of publications and the 
names of three referees, should be 
sent to Professor T W B Kibble, 
Imperial College, London SW7 2BZ, 
to arrive not later than 31st August 
1984. Further details may be obtain- 
ed from Professor J C Dainty at the 
above address. GO020)A 


POSTDOCTORAL 
RESEARCH ASSISTANT 
required for approximately two anda 
half years to work with Dr J 
Monjardino and Dr H C Thomas 
within the Departments of Physio- 
logy and Medicine supported by a 
grant from the MRC. Project 
involving the study of the molecular 
biology of hepatitis B virus. Appli- 
cants should have experience in 
nucleic acid biochemistry and 
preferably in mRNA isolation and 

characterisation. 


Salary on scale Research and 
Analogous IA. 


Further details are available from 
the School Office, RFHSM, 
Rowland Hill Street, London NW3 
2PF or telephone 01-794 0500 ext 
4262. Full curriculum vitae, 
including the names and addresses of 
two referees should be submitted by 
13 July 1984. Please quote reference 
M/RA. (2998)A 


UNIVERSITY 
OF DUNDEE 


CHAIR OF BIOCHEMISTRY 


Applications are invited for the Chair 
of Biochemistry which will fall 
vacant on | October 1984 as a result 
of the resignation of Professor P B 
Garland to take up a senior research 
post in industry. 


Further particulars are available 
from The Secretary, The University, 
Dundee DD1 4HN with whom appli- 
cations (10 copies, or if posted over- 
seas one copy) containing full career 
details, a summary of research 
interests, and the names of three ref- 
erees should be lodged as soon as 
possible. Please quote reference 
EST/ 18/84. It is intended that short- 
listed candidates should be inter- 
viewed in Dundee before the end of 
September, 1984 (J). BGA 


MRC RADIOBIOLOGY UNIT 
HARWELL 


RESEARCH OFFICER 


There is a vacancy for a Research 
Officer, with a degree/HNC/HTEC 
in biology or genetics, in a group 
working on mammalian genetics with 
particular reference to mutagenesis. 
The work is varied and includes 
recombinant DNA work, animal 
genetics, cytogenetics etc. The 
successful candidate should 
preferably have at least 2 years 
appropriate laboratory experience, 
and if not, will be appointed as a 


Applications are | g 
students expecting to gradus 
1984 with at least a Jin Phar: 
cology, Physiology af 
subject. The successful applica 
need to be confident in th 
quantitative approach. The. 
(supported by MRC project 

a research assistant) involve: 
gation of the electrophys 
neuromuscular transmis: 
myasthenic disorder using moc 
micro-electrode technique 
study is to be undertaken joint 
the Department of Ph col 


Full curriculum vitae in 
names and addresses of. 
should be sent by 13 July: 
School Office, RFHSM 
Hill Street, London NW: 
(01-794 0500 ext 4262) from. 
further details may be obtain: 

{29 


IMPERIAL COLI 
A POSTDOCTORA 
RESEARCH ASSIS" 
is required for an initial apr 
of two years to work on alge 
velopment and computer.a 
cardiovascular signals. Th 
in collaboration within the 
Department, The London. 
The successful candidate 
expected to have a back 
electrical engineering o 
science with knowledge 
programming. = 
Salary on IA scale 
£11,615 + £1,186 LA. 


Applications to D 
Department of 
Engineering, Imperial 


GC-MS charact 
biological markers 


Technician, with consideration later 


CAMBRIDGE RESEARCH BIOCHEMICALS LTD 
: | for re-grading. 


| required to work onthe synthesis of organic compounds in the fields of 
_ peptide and nucleotide chemistry. Candidates should have a degree in 
-chemistry or the equivalent. Experience of practical organic chemistry 
is essential. The position offer excellent opportunities to join a rapidly 
expanding biotechnology company. 
Salary according to qualifications and experience. 
Apply in writing to: 


chemical degradation 


An organic/an 
sought to explore 
chemical degradat 
release identifiable bio 
compounds from 
comparison with. th 
ancient sediments and 


This SERC-fin 
1A scale, comm 
for one year in 
renewable for u 
Applications | 

‘Eglinton, FR 


Salary, according to age and ex- 
perience, on the scale £6204-£8126 pa 
for a Research Officer and 
£5,491-£7747 pa for a Technician. 
The unit is situated in pleasant rural 
surroundings convenient for Oxford. 
Hostel accommodation is available 
for single people. 

Please send applications, together 
with curriculum vitae and the names 
of 2 referees, to the Personnel 


Dr G P Priestley 


-Cambridge Research Biochemicals Ltd 
oo Button End | 
= Harston  ć a Ii offi MRC Radiobiology. Uni 

SCR25NX. 0 {l Officer, M On Unit, 


| Harwell; Didcot, Oxon OX11 ORD 








































SEMINARS and SYMPOSIA 


HELICON SYMPOSIUM 1984 


NUTRITION AND DISEASE: CANCER 
September 14 & 15 1984 
Hyatt islandia Hotel, San Diego, California 


TOPICS 
Mutagens and Antimutagens 
Selenium and Vitamin E 
Activation and Deactivation of Carcinogens 
Carotenoids and Retinoids 
The Role of Different Lipids 
Future Research Strategies 


GUEST SPEAKERS 
Bruce N. Ames Richard Peto 
W. Robert Bruce David M. Prescott 
John Cairns Bandaru S. Reddy 
T. Collin Campbell Miriam P. Rosin 
Clifford Grobstein Eli Seifter 
David F. Horrobin Gerhard N, Schrauzer 
Clement ip Meir J. Stampfer 
Norman Krinsky Charles A. Thomas, Jr. 
Daniel Medina Clifford W. Welsch 

REGISTRATION FEE 


Before August Ist: $200. After August 1st: $240. 
Registration is limited; for information write to: 
Nomi Feldman, Conference Coordinator, 
3770 Tansy, San Diego, CA 92121 





(NW633)M 





LECTURES 











Period: 
Place: 
Costs: 
Dead lines: 


P.O. Box 297 


SECOND ANNOUNCEMENT 


16th Lunteren Lectures 
on Molecular Ge 
Strategies in 
Vaccine Develop 


2-5 october 1984. 

Lunteren, The Netherlands 

Dfi.425,-- Fee + Board and lodgings 

Application Forms — August 15, 1984 

Abstracts — September 1, 1984 

Registration fee + cost of living — September 1, 
84 










ment 





: Corporate Commmunication Department TNO 


Telephone 070-8144 81 ext. 411 
Telex 31660 tnogv nl 
2501 BD ’s Gravenhage 


Netherlands 


(W1094)K | 


: STUDENTSHIPS 


UNIVERSITY 
OF READING 
DEPARTMENT OF 
one FOOD SCIENCE 
_ POSTGRADUATE 
ESEARCH STUDENTSHIPS 











s are invited for four 
“sate research studentships, 
m | October 1984. Two 
e for graduates in a rele- 
pline (Food Science, 

stry, Biochemistry, 
abiology, Psychology, etc) for 
rch on a topic within Food 
chemical, physical, micro- 
gical, processing, sensory, etc). 
are AFRC CASE awards. One is 


to evaluate factors that may involve 
human food choice and to propose a 
generalised model of food 
acceptability (graduates in a 
discipline with a significant mathe- 
matical/statistical component, eg, 
Statistics, Psychology, Economics): 
the other is to synthesise compounds 
to reinforce coffee aroma and to 
design appropriate aroma delivery 
systems (Chemistry graduates). 


Applications from graduates with 
Honours degrees (I and Ili), stating 
age and qualifications and naming 
two referees, to Professor H E 
Nursten, Department of Food 
Science, University of Reading, 
Whiteknights, Reading RG6 2AP. 

(2987)F 

















| Road, Cambridge CB4 


Chemical. Sciences, University of 







ASTBURY DEPARTMENT OF 
BIOPHYSICS 
SERC RESEARCH 
STUDENTSHIPS 


Applications are invited from 
candidates who hold at least an upper 
second class degree in biophysics, 
computational science, physical bio- 
chemistry, physics or chemistry, ora 
suitable combination, for two 
research students tenable from 
October 1984. 


l. A CASE studentship in 
collaboration with the Hannah Dairy 
Research Institute for studies by 
X-ray crystallography, computer 
graphics and spectroscopy on the 
3-dimensional structure and function 
of the milk protein f -lactoglobulin. 


UNIVERSITY OF LEEDS 











molecules that might act as’ 
inhibitors for potential use a 








Applicants must satisfy the SERC 
residential requirements, Ree 


Applications must include a 
Curriculum Vitae and the names and 
addresses of two referees and should 
be made as soon as possibleandatthe 
latest by 15 July to Professor ACT 
North, Astbury Department of Bio- 
physics, University of Leeds, Leeds es 
LS2 9JT. Telephone: (0532) 431751 
ext 6130. BOBE 





UNIVERSITY OF 
CAMBRIDGE 
AND 
MEDICAL RESEARCH 
COUNCIL 


POSTGRADUATE 
STUDENTSHIP 


Applications are invited from 


graduates who have a First or Upper 
Second Honours Degree in Bio- 
chemistry, for an MRC postgraduate 
studentship, tenable for 3 years from 
October 1984. 


The topic for research will be the 
regulation of renal and hepatic 
hydroxylation reactions in the 
vitamin D steroid endocrine system 
which controls cell calcium 
transport. This project is part of a 
long-term study into the molecular 
function of vitamin D. 


Applications including the names | 
of two referees, a curriculum vitae, . 


and a telephone number where the 
applicant can be contacted, should be 
sent immediately to the Dunn 
Nutritional Laboratory, T 
IXJ, 
Telephone: (0223) 63356. Ref. DF/2. 
(3014)F 





UNIVERSITY OF 
EAST ANGLIA 
SCHOOL OF CHEMICAL SCIENCES 
RESEARCH STUDENTSHIPS 
IN CHEMISTRY 
The following SERC CASE 
studentships leading to the degree of 


PhD are available from Ist October, 
1984, 


1. Preparation and character- 
isation of water soluble shift reagents 
for *3Na and 34K and their 
application to cation transport in 
biological systems. (Dr R B Homer 
and AFRC Food Research Institute, 
Norwich). 


2. Magnetic and optical properties 
of haemoproteins, especially pero- 
xidases (Dr A J Thomson and 
Unilver, Port Sunlight). 


Applicants must hold or expect to 
gain at least a IIG) degree in 
Chemistry and should send a 
curriculum vitae, including the 
names and addresses of two referees, 
to the person named at the School of 


East Anglia, Norwich NR4:7TJ. 


leading to PhDs will be available for 







UNIVERSITY 
OF LIVERPOOL 
DEPARTMENT OF 
GENETICS a8 
An NERC RESEARCH. — 
STUDENTSHIP | 
is available starting October 1984 to 
investigate the genetics and physio. 
logy of tolerance to toxic heavy 
metals in bacteria from polluted 
aquatic environments. 


The project will be supervised by 
Professor D A Ritchie and. Dr P 
Strike, and would be suitable for 
graduates with a first or upper second 
class degree in Genetics, Micro- 
biology, Biochemistry or a related 















biological science. BE E 

Gene-cloning techniques would be 
an important component of: this 
study. Further information is avail- 
able from Professor D A Ritchie 
(051-709 6022 ext 3114), and appli- 
cations should be sent as soon as 
possible to: The Registrar, The- 
University, PO Box 147, Liverpool 
L69 3BX. Quote Ref: RV/552/N. | 

(2993)F 





UNIVERSITY COLLEGE 
LONDON 

RESEARCH STUDENTSHIPS 

Two SERC Research Studentships 


three years from October 1984 in the 
Department of Chemical and: Bio- 
chemical Engineering on the | 
following topics: | ae 
| The use of immobilised cells for 
biochemical conversions of reactants 
dissolved in water-immiscible =. - 
solvents (supervisor Prof M D Lilly). | 

2 The recovery and processing of 0 
rDNA polypeptide products from an- ae 
aggregated form in E coli (supervisor . 
Dr N M Fish). ee ae ; 


Graduates in biochemistry, micro. 














biology, biophysics, chemistry 
(protein chemistry), biochemical and - 
chemical engineering interested in 
these topics should apply; and 






include a full curriculum vitae, to the. 
appropriate supervisor in the Depart 
ment of Chemical and Biochemical. 
Engineering, University Colleg 
London, Torrington Place, Lon 

WCIETIJE. — 3094) 











don 
GO094)F 








| or expect 


| a curriculum vitae and 
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~ Department of Biology | 
SERC RESEARCH 
STUDENTSHIP 
Research in taxonomic 
databases 


A studentship is available from 
tst October 1984, for a graduate 
biologist to carry out research 
with Dr R J White and Dr F A 
Bisby on the application of com- 
puter databases in plant 
taxonomy. The project, will 
involve both conventional 
taxonomic practice and the use of 
computer methods currently 
being AERE The person 
appointed will be required to 
register for a higher degree. 
Applicants, who should hold 
to obtain a good 
-| honours degree, should write 
| as soon as possible gear geile 
16 
names and addresses of two | 
referees to Dr R J White, 
Biology Department, Buildin 
44, The University, Highfield, 
Southampton SO9 5NH, from 
whom further information 
may be obtained if required. 
(3033)F 





UNIVERSITY OF LONDON 
THE SCHOOL OF 
PHARMACY 
TOXICOLOGY UNIT 


SERC/CASE STUDENTSHIP 


A SERC/CASE Studentship in colla- 
boration with Imperial Chemical 
Industries is available from October 
1984 leading to a Phd for research 
into the mechanisms of toxicity of 
chemicals and anti-cancer drugs. 
Applicants should possess or expect 
to obtain a good honours degree in 
Biochemistry or a related discipline. 


Applications, including curricu- 
lum vitae and names of two referees 
should be sent by 16 July 1984 to: Dr 
G M Cohen, Toxicology Unit, Dept 
of Pharmacology, The School of 
Pharmacy, 29/39 Brunswick Square, 
London WCIN IAX. (302DF 





ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
Rowland Hill Street, 
London NW3 2PF 
Applications are invited for an 
SERC STUDENTSHIP 
to work on “Biophysical studies of 
cell membranes’? under the super- 
vision of Professor D Chapman. The 


project will involve the use of various | 


spectroscopic techniques including 


laser flash photolysis and infrared | 


spectroscopy. A good honours 
degree in biophysics, biochemistry or 
chemistry is required. 


Applications together with names 
and addresses of 2 referees should be 
sent to Professor D Chapman, 
Department of Biochemistry and 
Chemistry, Royal Free Hospital 


School of Medicine, Rowland Hill 
Street, London NW3 2PF by 13 July 
1984. 





{2997)F 





UNIVERSITY OF THE FOOD RESEARCH 
BIRMINGHAM INSTITUTE 
CENTRE FOR RUSSIAN AND | 
. | alist Ss CHEMISTRY AND 
EAST EUROPEAN STUDIES BIOCHEMISTRY DIVISION 
CONVERSION COURSE FOR 
ENGINEERS AND SCIENTISTS SERC CASE 
The Joint Committee of SERC/- STUDENTSHIP 
ESRC has allocated a studentship for Oxidative Stability 
engineers and scientists who wish to | of Lipids 


extend their current interests into a 
social science field covered in the 
postgraduate training programme of 
the Centre for Russian and East 
European Studies. The coursework 
components include Russian 
language and Soviet studies. 


The minimum qualification re- 
quired for acceptance is normally a 
good second-class honours degree or 
equivalent in engineering, science or 
an applied science. Students 
graduating this year may also apply. 


For further particulars and ap- 
plication forms please contact the 
Centre Secretary as soon as possible, 
by letter or telephone, at the Centre 
of Russian and East European 
Studies, University of Birmingham, 
P O Box 363, Birmingham B15 2TT, 


(021-472 1301 ext 2124). Please quote | 


reference CCSS/NI. 


ROYAL HOLLOWAY 
COLLEGE 
UNIVERSITY OF LONDON 


SERC CASE 
STUDENTSHIPS 


Applications are invited for two 
Science & Engineering Research 
Council CASE awards. (1) Physics — 
Project title; Microstructure of 
Dense Plasmas. Co-operating Body; 
Culham Laboratory, UKAEA. (2) 
Zoology — Project title; The 
Development of the Blood Fluke 
Sanguinicola inermis in Carp, Co- 
operating Body; Thames Water. 


Applicants should be Physicists or 
Biologists/Zoologists who have 
achieved or expect to achieve, at least 
Upper Second Class Honours. 


(3048)F 





Details are available from the 
Registrar, Royal Holloway College, 
Egham Hill, Surrey TW20 OEX, to 
whom CV’s and the names and ad- 
dresses of two referees should be sent. 

(3074)F 





UNIVERSITY 
OF LIVERPOOL 
DEPARTMENT GF 
MEDICAL CELL BIOLOGY 
Applications are invited for a 


RESEARCH STUDENTSHIP 


tenable for 3 years commencing 
October 1984. 


The project will be concerned with 
the uptake and intracellular pro- 
cessing of cell surface receptors and is 
part of a programme studying 
selective drug targetting. Techniques 
employed will include tissue culture, 
monoclonal antibody methods and 


| electron microscopy. 


Candidates should hold a first or 
good upper second class degree. They 
should apply in writing including the 
names of two referees to The 
Registrar, The University, PO Box 
147, Liverpool L69 3BX. Quote Ref: 
RV/5S0/N, (2992)F 





Applications are invited for a SERC 
CASE Studentship tenable at the 
Food Research Institute and at the 
University of East Anglia’s School of 
Biological Sciences to study the 
factors that limit the stability of 
commercially important fats towards 
oxidative degradation. 


The project will involve the use of 
HPLC, GC, NMR and mass spectro- 


the components in these fats that con- 
trol oxidative stability and will also 
involve working for a part of the time 
at the Unilever Research Laboratory 
at Sharnbrook, Bedfordshire. 


Candidates should hold, or expect 
to obtain, a First or Upper Second 
Class Honours Degree in Chemistry, 
Biochemistry or a related scientific 
subject. 


Applications giving full cv and the 
names of two referees should be sent 
to: Dr H W-S Chan, Chemistry and 
Biochemistry Division, Food 
Research Institute, Colney Lane, 
Norwich NR4 7UA, by 12th July 
1984. 


We are equal opportunities 
employers. (3003)F 





UNIVERSITY COLLEGE 
CARDIFF 


DEPARTMENT OF PHYSIOLOGY 


RESEARCH STUDENTSHIPS 


A three year MRC Studentship and 
an SERC CASE Studentship are 


| available from Ist October 1984. The 
| MRC studentship concerns the pro- 


perties of primary afferent neurones 
innervating cranial blood vessels, the 
meninges and their possible involve- 
ment in migraine headache. The 
project will involve electrophysio- 
logical and histological techniques, 
and is under the supervision of Pro- 
fessor D I Wallis. 


The SERC CASE studentship is 
concerned with the characterisation 
of 5-HT receptors in the CNS using 
electrophysiological methods in vivo, 
and is under the supervision of Dr M 
H T Roberts. 


Applicants should possess, or 
expect to obtain a First or Upper 
Second Class Degree in Physiology, 
Pharmacology or some other approp- 


| riate subject. 


Those interested should write as 
soon as possible to Professor D I 


Wallis or Dr M HT Roberts, Depart- | 


ment of Physiology, University 
College, P O Box 78, Cardiff, CFI 
IXL. Ref: 2798. (2940F 
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INSTITUTE OF 
CANCER RESEARCH 
ROYAL MARSDEN 
HOSPITAL 
Sutton, Surrey” 






MRC STUDENTSHIP IN 
PHYSICS AS APPLIED TO 
MEDICINE 


An MRC Research Studentship | 
Physics is available for the 1984/% 
session, tenable for up to three year 
full-time study, leading, normally, | 
a PhD degree of the University < 
London. 


The project will involve tk 
development of high count ra 


ro- | detectors for improved medic: 
metry to characterise and quantify 


imaging with particular applicatior 
to the monitoring of therapy wil 
radionuclides. The Physics Depar 
ment has good electronic ar 
mechanical workshops and extensy 
computing facilities and there i 
active and growing resear 
gramme being carried out i 





tt 
applications of Physics to Medicine 


Applications from candidates wh 
hold or expect to gain a first or upp: 
second class honours degree or- 
master’s degree in Physics should t 
sent, together with a curriculum viti 
and the names and addresses of tw 
referees, to the Deputy Dea: 
Institute of Cancer Research, Blox 
D, Clifton Avenue, Sutton, Surre 
SM2 5PX (Tel: 01-643 8901, ext 296 
as soon as possible. (3060)F 





SCOTTISH CROP 
RESEARCH INSTITU 
Invergowrie, Dundee DRA | 
RE-ADVERTISEMENT 
(Previous candidates need nol 
apply) S 
AFRC RESEARCH k P 
STUDENTSHIP IN PLANT 
VIROLOGY we 
Applications are invited for an Ag’ 
cultural and Food Research Coun: 
studentship tenable for three yea 
from October 1984 at the Scotti 


Crop Research Institute for resear 
leading to a higher degree. 






The project concerns the structu 
antigenicity and properties of t 
particle protein of nepoviruses. T 


| work will form part of a resear 


programme on nepoviruses, whi 


| are important group of nematoc 


transmitted plant viruses. 


Applicants should hold a first 
upper second class Honours degree 
biochemistry, molecular biology 
other relevant biological s¢ 3 


Further details and ape c 
forms may be obtained from UN 
sonnel Officer, Scottish Cri 
Research Instutute, Invergowr. 
Dundee DD2 SDA. The closing dé 
for applications is 20 July, 1984. | 


“The Institute is an Equal Opp: 
tunities Employer’. (3091)F 












BECK COLLEGE 
(University of London) 
ARCH STUDENTSHIPS 
OLOGICAL AND 
AL CHEMISTRY 
catidns are invited for two 
IRC CASE Awards and one MRC 
wtnership Award. The projects 
/olve drug design and metabolism, 
d disease diagnosis, especially 
ing NMR methods. There are 
portunities for travel and strong 
dlaboration with clinical labor- 












dries. Applicants should have a. 










ong chemical or biochemical back- 
mnd and hold a first or upper 
Ond class degree. 


Please apply immediately and 
‘ange for a curriculum vitae and 
9 references to be sent to Dr P J 
dler, Department of Chemistry, 
ck College, Malet Street, 
idon WCIE 7HX. Telephone 
80 6622 ext 262 or 326. 
(3092)F 


_NIVERSITY OF 
BIRMINHAM 
aculty of Medicine and 
Dentistry 

















ions invited from suitably 
candidates {1 or 2.1 in bio- 
y or cell biology) for a 3 year 
udentship funded by the 
Birmingham Hospitais 
ent Fund. The project is to 
ne the origins and functions of 
einase inhibitors in the human 
<» with relevance to the patho- 
“sis of acute and chronic lung 
The work will involve cell 
immunobiochemical and 
1ohistochemical techniques. 
details may be obtained from 
Burnett or Dr R A Stockley, 
a ching Block, The 
ospital, Steelhouse Lane, 
mingham B46NH. (3089)F 





=. UNIVERSITY 

OF NOTTINGHAM 
__ School of Agriculture, 
_ Sutton Bonington 
-DEPARTMENT OF 
| PHYSIOLOGY AND 
ENVIRONMENTAL SCIENCE 
MAFF RESEARCH 
_ STUDENTSHIP 
Dlications are invited from 
"ents who hold or expect to obtain 
St OF upper second class honours 
in Plant Science or a related 
or a three-year studentship 
ng to a PhD. The project is on 
Physiology of pod-shatter in oil- 























ils can be obtained 
Loberts, Department of 
y and Environmental 
School of Agriculture, 
Bonington, Loughborough 
D, to whom applications 
ames and addresses of two 
should be submitted by 
84. (2999)F ` 








ROYAL HOLLOWAY AND 
BEDFORD COLLEGES 


AFRC CASE STUDENTSHIP 


AFRC CASE Research Studentship | 


is available to work on the modi- 


fication of plant galactomannans by — 
bacterial enzymes in collaboration | 
with the British Food Manufacturing 


Industries Research Association. 
Applicants should have or expect to 
have at least Upper Second class 
Honours in Biochemistry, Chemistry 
or other Biological Sciences. Details 
are available from Professor J B 
Pridham, Royal Holloway College, 
Egham Hill, Egham, Surrey TW20 
OEX. Telephone Egham 34455 to 
whom cv and the names and 
addresses of two referees should be 
sent. (3093)F 





INSTITUTE FOR RESEARCH 
ON ANIMAL DISEASES 


POST-GRADUATE 
STUDENTSHIP 
Applications are invited from 
Biochemistry or Pharmacology 
honours graduates for a studentship, 
Stipend £2,650 provided jointly by 
Hoechst UK and Roussel-Uclaf, 
which is tenable for three years. The 
successful applicant will join a team 
studying the pharmacokinetics and 
metabolism of drugs, particularly 
steroidal growth promoters. The 
appointee will be eligible to register as 

a PhD student. 


The Institute is set in pleasant rural 
surroundings, with staff canteen and 
recreational facilities. Hostel 
accommodation available for single 
persons. 


Further details and application 
form from: Secretary, Institute for 
Research on Animal Diseases, 
Compton, Newbury RGI6 ONN, 
quoting ref: 519, Closing date for 
applications: 12th July 1984. 

(3002)F 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF PHYSICAL 
CHEMISTRY 
RESEARCH STUDENTSHIP 


Appliations are invited for a research 
post to study two-phase flow in 
porous media, using a novel 


| experimental technique. The project 
| is funded by the Department of 


Energy, and forms part of a long- 
term study of problems related to 
Enhanced Oil Recovery. 
Requirements are a good first degree 
(BSc or equivalent) in chemistry, 


physics or petroleum engineering, | 


and demonstrated experimental 
ability. The successful candidate will 
be expected to register for a higher 
degree. A maintenance grant (at the 
current SERC rate) and tuition fees 
will be paid. The appointment will be 
for one year initially, with possible 
extension up to three years. 


Applications, giving details of 
qualifications and naming two 
referees, should be addressed to Dr J 
M Haynes, School of Chemistry, 
University of Bristol, Bristol BS8 
ITS. 


Closing date 3rd August, 1984. 
(3006F) 


STUDENTSHIPS 





















CRANFIELD INSTITUTE 
OF TECHNOLOGY 
BIOTECHNOLOGY 


CENTRE Cr a nfield 


RESEARCH STUDENTSHIPS 


Applications are invited for the following studentships leading to the 
degree of PhD: 


1) SERC studentship on quinoprotein based immunosensors, 
involving the study of bacterial glucose dehydrogenase as a label in 
conjugates with anti-ig and its incorporation into biosensors. 


2} industrially funded studentship on the biodeterioration of 
tobacco, studying factors which may encourage fungal spoilage. 

Applicants should have or expect a 1st or upper 2nd class 
honours degree, and should send a CV including the names 
of two referees to the Student Admissions Officer, 
Biotechnology Centre, Cranfield Institute of Technology, 
Cranfield, Bedford, MK43 OAL, from whom further details 
may be obtained. {3036} F 


DEPARTMENT OF BIOCHEMISTRY, 
UMDS (St. Thomas’s) 


Applications are invited from graduates in Biochemistry or related 
subjects to participate in research on DNA damage and repair in the 
ageing brain, based on an M.R.C. studentship. 


Applicants would be expected to register for the degree of PhD, 
and should write to Professor H.S. Bachelard, Department of 
Biochemistry, St. Thomas’s Hospital Medical School, London 
SE1. (3039) F 





UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF BOTANY 


RESEARCH STUDENTSHIP IN 
PLANT MOLECULAR BIOLOGY 


Applications are invited for an SERC biotechnology Directorate 
Research Studentship to work on the characterisation of genes for fer- 
redoxin and plastocyanin in higher plants. The studentship is tenable 
for three years from 1 October 1984. Applicants should possess a first or 
upper second class degree in a relevant biological subject. 


Applications with curriculum vitae and the names and addresses of 
two referees should be sent as soon as possible to Dr J C Gray, Depart- 
ment of Botany, University of Cambridge, Cambridge CB2 3EA 

(3066) F 


OXFORD UNIVERSITY 
Studentships in Atmospheric and 


Ocean Physics and Planetary Science 


Two CASE studentships are available to read for the degree of Doctor 
of Philosophy (D.Phil.) commencing 1 October 1984. 

Ship and Satellite Measurements of the Ocean Temperature: An 
infrared instrument of new design is to be built at Oxford and mounted 
ona ship of the British Antarctic Survey. During an eight-month voyage 
to the south polar cap, measurements will be made from the ship and 
from satellites as part of a study of ocean-atmospheric heat exchange 
and its role in the global climate. An NERC studentship is available to 
support an experimental physicist of robust constitution to participate 
in the project. 

Dynamics of the Atmosphere of Jupiter: The Geophysical Fiuid 
Dynamics Laboratory at the Meteorological Office is studying 
dynamical phenomena in the atmosphere of Jupiter by theoretical 
models and laboratory experiments. The Atmospheric Physics 
Department at Oxford is participating in the NASA Galileo Jupiter 
Orbiter mission to make spectral images of the atmosphere from which 
the structure and dynamics can be deduced. An SERC studentship is 
available for a physicist or applied mathematician to work on common 
aspects. 

In each case applicants should hold or expect soon to gain a first degree 
of at least upper second class standard. 

Piease write to Dr. F. W. Taylor, Department of Atmospheric 
Physics, Clarendon Laboratory, Oxford OX1 3PU, with the 
names and addresses of two academic referees and a 
curriculum vitae. (3015)F 





Ctassified 21 





and dependents’ allowance. 


October 29, 1984. 


EMBO 
European Molecular Biology 
Organization 


LONG TERM FELLOWSHIPS IN 
MOLECULAR BIOLOGY 
AUTUMN 1984 AWARDS 

Next deadline: August 15, 1984 


EMBO long term post-doctoral fellowships are awarded to promote the 
development of molecular biology and allied research in Europe and 
israel. To be eligibile a candidate must hold a doctorate degree and the 
exchange must involve a laboratory in Western Europe or Israel. EMBO 
fellowships are not, however, awarded for exchanges between 
laboratories within any one country. Long term fellowships are 
awarded initially for one year, but depending on a review of progress, 
they be renewed for a second year. In cases of exceptional scientific 
merit renewal for a third year is possible. The fellowship comprises a 
return travel allowance for the fellow and any dependents and a stipend 


Since the selection procedure may include an interview, candidates are 
requested to respect the deadline for complete applications which is 
August 15, 1984. Successful candidates will be notified of their awards 
immediately after the meeting of the selection committee, which is on 


Application forms and further details may be obtained from Dr 
J. Tooze, Executive Secretary, European Molecular Biology 
Organization, Postfach 1022.40, 69 Heidelberg 1, F.R. Germany. 
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MONASH UNIYERSITY 
Melbourne, Australia 


POSTDOCTORAL 
FELLOWSHIPS 


Monash University is offering a 
number of Postdoctoral Fellowship 
positions commencing in 1985 and 
tenable for up to two years in any 
department of the University. 
Fellows will be expected to colla- 
borate in their research with a 
member of the University staff. 

Intending applicants should 
contact the Chairman of the Depart- 
ment in which they wish to work to 
discuss possible areas of mutual 
research interest. 

Appointments will be in the 
Research Fellow Grade I range 
($A20,991 — $23,436), but an 
appointment at Research Fellow 
Grade II level ($A24,353 — $31,994) 
may be considered in exceptional cir- 
cumstances. Reference No 90162. 

Applications will only be accepted 
on the official Application Form. 
This and other details are available 
from the Registrar, Mr J D Butchart, 
Monash University, Clayton, 
Victoria 3168, Australia. 
Applications close 28 September 
1984. 

An Equal Opportunity Employer. 

(WILOSDE 
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THE UNIVERSITY OF LANCASTER 

Department of Physics 
RESEARCH FELLOWSHIP IN CONDENSED MATTER THEORY 
A postdoctoral research fellowship is available for a condensed matter 
theorist to work on transport and scattering problems in ultra-low 
temperature physics. The position is for one year and the salary will be 
on the bottom point of the Research Range IA (£7190-£11615 - under 


review). 


aiid stg, 





“ae 









Further particulars may be obtained (quoting reference L078 
a gm the Establishment Officer, University House, Bailrigg. 
i . kancaster, LA1 4YW, where applications (six copies) naming 
„three references, should be sent NOT LATER THAN 16 July 1984. 





MASSEY UNIVERSITY 
Palmerston North, New Zealand 


DEPARTMENT OF ANIMAL SCIENCE 


POSTDOCTORAL RESEARCH 
FELLOWSHIP IN 
PIG NUTRITION 


Applications are invited for the 
above position funded by the New 
Zealand Pork Industry Board to 
work on an applied aspect of pig 
nutrition. Research experience in pig 
nutrition is essential and a particular 
interest in the nutrition of the young 
growing pig desirable. 


The appointment is available from 
tst October 1984 or soon after and 
will be for an initial period of one 
year. Remuneration will be 
NZ$21,600 per annum inclusive of an 
allowance of up to NZ$3,000 for 
fares. 


Further details of the University, 
together with conditions of 
appointment, may be obtained from 
the Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WC1H OPF; or from the Registrar of 
the University with whom 
applications close on 3 August 1984. 

(W1083)E 












(3026)E 


- FELLOWSHIPS 


UNIVERSITY 
OF SURREY 
AERE HARWELL 


EXPLOITATION OF 
IMMOBILISED ANIMAL 
CELLS 


Applications are invited for a 
postdoctoral research fellowship to 
study the effects of immobilisation 
on cultured animal cells. This work 
will be carried out at the University of 
Surrey as part of a larger programme 
funded by the Department of Trade 
and Industry. 


The work will involve the culture of 
mammalian cells with particular 
emphasis on the design of suitable 
reactors and the study of the physical 
parameters so as to optimise the 
performance of such systems. 
Factors involved in the scale up of the 
equipment will also be investigated. 


The Fellow will form part of a 
multi-disciplinary team which has 
been involved in the immobilisation 
and exploitation of eukaryotic cells 
for a number of years. In addition, 
both institutions are involved in other 
substantial industry oriented biotech- 
nology programmes covering cell 
culture and product recovery. 


The successful applicant is likely to 
be a chemical engineer, biochemist, 
cell biologist, or microbiologist with 
postgraduate experience in the 
growth and handling of tissue culture 
cells and a desire to apply scientific 
methods to the solution of 
technological problems. 


The post will be for three years and 
salary will be in the range £7,190 — 
£8,975 per annum. Superannuation 
under USS conditions. 


Applications in the form of a curri- 
culum vitae (3 copies) including the 
names and addresses of two referees 
should be sent to the Deputy 
Secretary (Personnel), University of 
Surrey, Guildford, Surrey GU2 
5XH, by 20 July 1984 quoting ref- 
erence 282/N. Further particulars of 
the post can be obtained by telephon- 
ing Professor R E Spier (0483 571281 
ext 687) at the University. GOS3)E 





















Fields. 


Salary range £8530 to £10710 plus £1250 London Weight: 
depending on qualifications and experience. Further d 5 
are available from the Personnel Officer, 
Research Fund, Lincoln's Inn Fields, W.C.2. Qu. 
82/ 84. Applications.accompanied by names and z 
three referees should be received by 18th Augtin with G 
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THE AUSTRALIAN __ 
NATIONAL UNIVERSIT 














POSTDOCTORA 
FELLOWSHIPS 


Applications are invited from mi 
and women who, at the time ofa 
plication, have completed or expt 
soon to complete requirements fot 
PhD degree or equivalent qualific 
tion. Appointments are for two yee 
only. They should be taken up du 
ing the first half of 1984 and may 
made in any field of research of | 
terest to the School. Departments 
the School are: Appl 
Mathematics, Astronomy (Mou 
Stromlo and Siding Spring Obs: 
vatories), Atomic and Molecul 
Physics, Engineering Physic 
Mathematics, Nuclear Physic 
Plasma Research Laboratory, So 


State Physics, Systems Engineer, 


and Theoretical Physics. 





Salary will be in accords. è w 
qualifications and experien. witl 
the range: Postdoctoral Fell 
Grade 1 (at a fixed point) $A21,4 
— $A24,528 p.a. Current exchar 
rate: $A] = 64p approx. E 


Grants are provided towards tra 
and removal. Assistance towa 
housing is given to an appointee fr: 
outside Canberra. Eligible i 
pointees will be required to join- 
Superannuation Scheme i 
Australian Universities. Materr 
leave is available. The Univer: 
reserves the right not to make an. 
pointment or to make an appoi 
ment by invitation at any time. ` 


Prospective applicants sho 
write to the Acting Registrar of 
University, GPO Box 4, Canbg 
ACT 2601, Australia, o 
Secretary General, Assoc 
Commonwealth Unrvet 
(Appts), 36 Gordon Square, Ec 
WCIH OPF, for further particul 
before submitting applicatio 
which close on 31 July 1984. ` 









The University is an equal opt 
tunity employer. (3073). 


IMPERIAL CANCER RESEARCH FUND 


Research Fellowship 
to work on a collaborative project between the Royal institution 
(Professor D. Phillips), Faculty of Clinical Sciences, University 
College (Dr. S. Brown) and the |.C.R.F. Laboratories, Lincoin’s Inn 
Fields (Dr. | Hart}. This interdisciplinary project on the role of 
ohthalocyanines in photoradiation therapy of tumours, develop 
tissue culture and animal tumour model systems for evaluation 
uptake, selectivity of distribution and mode of action of a series of 
synthetic phthalocyanines. Experience in cell biology and/or 
pharmacology would be an advantage but suitable clinica 
background is also sought. The appointment is for 3 years 
work will be conducted in Dr. | Hart’s laboratory at Linco 


` 












Imperiale 
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RSITY OF SURREY — UNIVERSITY 
RE HARWELL OF SURREY 
OITATION OF AERE HARWELL 
BILISED EXPLOITATION OF 
MAL CELLS IMMOBILISED ANIMAL 
CELLS 
































plications are invited for a 
OST—DOCTORAL 
SEARCH FELLOWSHIP 


udy the effects of immobilisa- 
W on cultured animal cells. This 
kk will be carried out at the Aere- 
rwell as part of a larger pro- 
imme funded by the Department 
Trade and Industry. 


Fhe work will involve the culture of 
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Applications are invited for a 
postdoctoral research fellowship to 
study the effects of immobilisation 
on cultured animal cells. This work 
will be carried out at the University of 
Surrey as part of a larger programme 


funded by the Department of Trade | 


and Industry. 


The work willinvolve the culture of 
mammalian cells with particular 
emphasis on the development of the 
cell biology and the nutritive medium 
SO as to optimise the productivity of 
the system. This work would be 
expected to lead into the investigation 
of techniques for the downstream 
processing and recovery of the 
product. 


The Fellow will form part of a 
multi-disciplinary team which has 
been involved in the immobilisation 
and exploitation of eukaryotic cells 
for a number of years. In addition, 
both institutions are involved in other 
substantial industry oriented biotech- 
nology programmes covering cell 
culture and product recovery. 


The successful applicant is likely to 
be a chemical engineer, biochemist, 
cell biologist, or microbiologist with 
postgraduate experience in the 
growth and handling of tissue culture 
cells and a desire to apply scientific 
methods to the solution of 
technological problems. 


The post will be for three years and 
salary will be in the range £7,190 — 
£8,975 per annum. Superannuation 
under USS conditions. 


Applications in the form of a curri- 
culum vitae (3 copies) including the 
names and addresses of two referees 
Should be sent to the Deputy 
Secretary (Personnel), University of 
Surrey, Guildford, Surrey GU2 
5XH, by 20 July 1984 quoting ref- 
erence 283/N. Further particulars of 
the post can be obtained by telephon- 
ing Professor R E Spier (0483 571281 
ext 687) atthe University. (3054)E 


The emolument payable will be at a 
rate to be determined but not exceed- 
ing the lowest step on the University 
scale for lecturers (currently 
NZ$21,600 per annum). 


Applicants should have completed 
the requirements for the award of the 
degree of Doctor of Philosophy. 


Application forms together with 
the general conditions of appoint- 
ment may be obtained from the 
Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WC1H OPF; or from the Registrar of 
the University with whom appli- 
cations close on 3i July 
1984, (W1092)E 
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ASSISTANTSHIPS . 
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UNIVERSITY OF OXFORD 
Department of Theoretical Physics 
POSTDOCTORAL RESEARCH ASSISTANTSHIP 
IN STATISTICAL AND ATOMIC THEORY 
(in association with the Theoretical Physics 
Division, AERE Harwell) 

Applications are invited for a postdoctoral Research Assistantship to 
work jointly in Oxford and at Harwell in areas of research of mutual 
interest. This temporary appointment is for one year in the first instance 
rther period. The position is available 


from 1 October 1984. The salary is on the Research Staff Scale 1A, 
presently £7,190-£11,615 (with USS membership). 


Applications with names and two referees to Professor R J 
Elliott, Department of Theoretical Physics, 1 Keble Road, Oxford 





















(3082)P 





Seear em metsereceicennn renner 


UMIST 


RESEARCH ASSISTANT IN 
PHYSIOLOGICAL 
PSYCHOLOGY OF VISION 


Applications are invited from 
honours graduates in science with an 
interest in visual physiology for the 


post of Research Assistant to study 


stability of colour and pattern per- 


ception and cognitive performance of ` 


human observers. 


The project will involve psycho- 
physical, electrophysiological (visual 
evoked potential) and psychophar- 
macological studies, mainly on 
human observers, but may be 
extended to studies on monkeys. It 
can lead to higher degrees (MSc or 
PhD). 


The appointment on this spon- 
sored project will be initially for a 
period of 12 months. Salary will be 
according to age, qualifications and 
experience on the scale £6310-£8530 
pa (under review). 


Applications and enquiries, 
quoting reference OP/103, including 
a curriculum vitae and the names and 
telephone numbers of two referees, 
should be addressed to Professor 
Cronly-Dillon, Visual Sciences Lab, 
Department of Ophthalmic Optics, 
UMIST, PO Box 88, Manchester 
M60 1QD (tel 061-236 3311 ext 2521). 

(3083)A 





THE UNIVERSITY OF 
AUCKLAND 


DEPARTMENT OF CELL BIOLOGY 


RESEARCH FELLOWSHIP 


A Fellowship is available for a PhD 
graduate to work on the effect of 
cyclic AMP and calcium on protein 
kinases in tumour cells and the con- 
trol of tumour cell growth. Ap- 
plicants should have a relevant back- 
ground in biochemistry, cell biology, 
or molecular biology. An appoint- 
ment will be made for one year initial- 
ly with the possibility of renewal for a 
second year, 


Further information is available 
from Professor R K Ralph, Depart- 
ment of Cell Biology, University of 
Auckland, Private Bag, Auckland, 
New Zealand. Applications will close 
on 27 July 1984. (W1089)E 


IMPERIAL COLLEGE OF 
SCIENCE AND TECHNOLOGY 
OPTICS SECTION 


POSTDOCTORAL 
RESEARCH 


New research programmes in image 
processing using four wave mixing in 
photorefractive media, space-time 
photon correlation, astronomical 
image reconstruction and coupling 
into optical waveguides using diffrac- 
tive elements have been established. 
There are excellent laboratory 
facilities for these projects. 


Several postdoctoral research 
assistantships are expected to be 
available starting between October 
1984 and January 1985 for periods of 
1-2 years. Salary in the range £8,376 
— £12,801 including London 
Allowance (under review). 


Enquiries and applications (cv and 
names of two referees) to Prof J C 
Dainty, Blackett Laboratory, Im- 
perial College, London SW7 2BZ 
before 20th July 1984, (3051)P 


AWARDS 





IMPERIAL COLLEGE AND 
THE MRC CLINICAL 
RESEARCH CENTRE 


ORGANIC CHEMISTRY AND 
CLINICAL CELL BIOLOGY 


MRC PARTNERSHIP 
AWARD 


Applications are invited for an MRC 
partnership award leading to a PhD 
degree. on the synthesis and 
biological activity of R-glutamyl pro- 
drugs for use in cancer 
chemotherapy. The research will in- 
volve the synthesis of novel organic 
compounds, examination of their 
stability and activation by enzymes 
and assessment of their cytotoxic ac- 
tivity. It will provide broad training 
in organic synthesis and enzymology 
as well as cancer studies. The project 
will be supervised by Dr B C Challis 
(Imperial College) and Dr T J Peters 
(Clinical Research Centre) with equal 
time spent at each institute. 


Applications with curriculum vitae 
and the names of two referees should 
be sent to Dr BC Challis, Department 
of Chemistry, Imperial College, L 
don SW7 2AY. (3050) 
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PFIZER AWARDS — 1984 


In October, 1982 Pfizer Central 
Research at Sandwich, Kent 
announced that they would make up 
to six new Awards annually of £1,500 
each to support young scientists who 
had carried out meritorious research 
at British Universities. The research 
should have potential application in 
the search for human or animal health 
drugs. 


The awards are made by a panel of 


Pfizer scientists in consultation with 


senior academic advisers, on the basis 
of work published in the two years 
prior to the award. The awards are 
NOT open to application. Each award 
may be renewed at the panel’s 
discretion for a second year. The 
awards are for the personal use of the 
recipients to further their research. 


The 1984 awards are: 
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_ GRANTS and SCHOLARSHIPS 





Chemistry 


Dr. G.W.J. Fleet, Dyson Perrins 
Laboratory, University of Oxford. 
“For his enantiospecific total 
syntheses of shikimic acid and 
pseudomonic acids from 
carbohydrates. ”’ 


Dr. J.K.M. Sanders, University 
Chemical Laboratory, Cambridge. 
“Eor his work on the application of 
revolutionary new NMR techniques to 
the determination of the preferred 
solution conformation of complex 
natural products”. 


Biology 


Dr. T.J. Wiliams, Institute of Basic 
Medical Sciences, Royal College of 
Surgeons, London. ‘‘For his work on 
the interaction of mediators in the 
inflammatory process”. 





Dr. H.J. Field, Department of 
Clinical Veterinary Medicine, 
University of Cambridge. “For his 
contribution to our understanding of 
the pathogenesis of recurrent herpes 
virus infection”. 
Pharmaceutical 
Sciences 
Dr. P. York, School of Pharmacy, 


University of Bradford. “For his 
research into the solid state properties — 


of powders and related areas of eg 


phamaceutical technology’. 


Pfizer is a worldwide, research-based D 


company with inter-related businesses |. ae 
in health care, agricultural, specialty = 
chemicals, materials science and 


consumer products. The Company . 
has a major commitment at Sandwich © 


where it employs approximately 1,500 - 
people, over 500 of whom are engaged = 


in new productresearch. (3029)N 








CIBA FOUNDATION SYMPOSIUM 
BURSARY SCHEME 

Aim: To enable young scientists to attend Ciba Foundation symposia 
and subsequently spend 4 weeks in the laboratory of one of the 
symposium participants. 
The bursary will cover — 
a} travel expenses n“ 
b) board and lodging for the duration of the bursary 
Qualifications: Applicants must be aged between 25-35 years on the 
closing date for application, and actively engaged in research on the 
topic covered by the symposium of their choice. 
Topics: 
1 GROWTH FACTORS IN BIOLOGY AND MEDICINE 
2 MELATONIN AND THE PINEAL 
3 MOLECULAR BIOLOGY OF MACROPHAGE DIFFERENTIATION 
4 IMMUNOLOGY OF PEPTIDES 
Applications: In writing to: 
The Director, The Ciba Foundation, 41 Portland Place, London WIN 4BN 
including the following information: 
a) Full name, address and date of birth 
b) Symposium of choice (one from the above list} 
¢) Qualifications and short resumé of further education 
} Career history, including full list of publications 
e} Details of current research and aims of future career 
f} Names and addresses of two referees 
Closing Date for Applications: 30 September 1984 
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(3022H | 


*THE BULLETIN BOARD 


Third International 
Nature Conference 


September 10-12, 1984 


Boston Park Plaza Hotel 
Boston, MA, U.S.A. 


POSTER 
SESSIONS 
Scientists who register for the 


conference and wish to display posters 
should contact: 


Posters Editor 
NATURE Magazine 
15 East 26 St., New York, NY 10010 


advertise your qualities and quahfi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of 50 cents a 
word, 











(Personal Box Numbers 


(890)B 


na ‘Arrowsmith Lid, Bristo 





| Please mention 


nature 
when replying to 
these advertisements 


land Gutline Graphics Lidu London EC4¥ OHP. Printing: Kingsdal 
‘Byrd Press inc., Richmond. Virginia, USA., Published by MACMILL. 





e Press, Reading, Berks, member of ithe SI. dyes Group, HE associat 
AN JOURNALS LTD, 4 Litde Esses Street, London WC2R JE 


Please do not telephone. Write, including — 
a brief synopsis of poster subject and _ 
its scientific relevance. Poster space | 
limited, so we suggest you act prompily. 


(Nyva 









INNING ELECTRON MICROSCOPY 
at 
MICRO 84 


akes place at the Bloomsbury Crest Hotel in London from July Sth to 13th 1964, MICRO is the largest conference and exhibition concerned 
ib aspects. of: Light and electron microscopy; and any one microscopical technique, such as SEM, can be easily seen in the context of all 
the other, allied ‘techniques, available. Today, the SEM is very much a microscopist's workhorse and there is a Strong SEM theme running through 
the whole of MICRO, Sone symposia are directed specifically to SEM, others have particular lectures which are relevant to SEM, while in still 
others complementary techniques are discussed. The following list highlights some of these lectures, 






















SEM_OPIMISATION The main objective of this symposium is "Getting the best out of your SEM", A series of tutorial lectures 
(Thursday /Friday) from acknowledged experts will cover the instrument, its operation, specimen preparation, image recording 
and image interpretation. 


This. Symposium is concerned with microscopy and analysis of solig specimens, The lectures will not only cover 


SEM methods for the non-expert, But also Quantitative Microscopy, Scanning Optical Microscopy, Acoustic Micros- 
copy, and Atom Probe Analysis, 


STATE OF THE ART IN TEM AND STEM A series of tutorial lectures will deal with imaging and analysis of thin specimens, Among other things, 
the symposium is intended to update the knowledge of those not working directly with TEM or STEM, 


In the sessions on X- ~ray microanalysis and cryo-techniques a number of the presentations specifically 
deal with preparation of specimens, including by low temperature methods, and their analysis in SEMs, 


The symposium will include lectures on optimisation of scanning images, electronic processing of ene 
and photographic recording of images, 


Throughout MICRO, many of the sessions will include lectures on applications of the SEM to structural 
observations and microanalysis, Topics including an SEM component include: interfaces ino ‘semi-conductors; 


automated SEM in environmental studies; automatic SEM particle analysis in forensic science; SEM in the 
Study of ancient materials, 


It is expected thet more than 50 companies will be exhibiting their latest microscopes and ancillary equipment, 


covering the complete spectrum of instruments and techniques including, of course, full representation 
ef SEM equipment, 


‘of. the MICRO B4 programme, and further information, are available from: 


ministrator, Royal Microscopical Society, 37/38 St Clements, OXFORD OX4 TAJ, Telephone: (0865) 248768/721081 


, | Third international 
is S | Nature Conference 


a September 10-12, 1984 
e Road to Liberation 


| Boston Park Plaza Hotel 
eee Edited by Derek Richter | Boston, MA, U.S.A. 
Ey Institute of Neurology, University of London 


April 1982 £10.00 313pp ISBN 0 333 32468 4 


| | dayone should find these glimpses of lives | i RECRUITMENT 
in other cultures intriguing.” E CENTER 


~ “Enlightening for any aspiring scientist | ArT AIT 
who thinks a scientific career is a logical 7 ATTENTION RECRUITMENT 

progression from research post to lectureship EXECUTIVES 

to chair.” Georgina Ferry, New Scientist Private meeting rooms and staff will be 

This book draws together the personal and intellectual provided for recruitment executives and 


iographies of eleven women biomedical scientists. scientists to discuss employment upportunities. 
ve individual stories are informative, fascinating, and "R ae aid ata 

ometimes moving, and cover cultures as diverse as Facilities are limited, so r ecrultment 
1ose of India, Iran, USA and the USSR. executives who wish to reserve space to 


oe : meet and interview candidates should 
Piease.send orders or requests for 





_ further information to Carolyn Leuw | immediately contact: . 
oduct Manager, Scientific and Medical Division, | Miss Gene Fein, Recruitment Services Manager 
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. ~ 15 East 26 St., NY, NY 10010 e Suite 1503 
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